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Abstract

Nuclear transmutations observed in the surface region of cathodes made of C (graphite), Pd and
5d elements (W, Re and Au) used in normal, critical and supra-critical electrolysis with light water in
addition to some data observed with heavy water are analyzed using the trapped neutron catalyzed
fusion (TNCF) model. The occurrence of the cold fusion phenomenon in 5d transition-metal
electrodes is consistently explained in accordance with the cold fusion phenomenon (CFP) observed
in 3d and 4d transition-metal hydrides and deuterides, such as NiHy and PdDy, at the normal
electrolysis. The necessary conditions for the realization of the CFP, formation of super-Ilattice of
host nuclei and protons/deuterons in these hydrogen non-occluding materials (at near room
temperature) are realized by the higher temperatures of the material induced by a long electrolysis at
normal electrolysis (up to three weeks) or by the critical and supra-critical electrolysis with high
current densities. Using the data analyzed in this paper in addition to the data obtained in 3d and 4d
transition-metals analyzed hitherto, we could contemplate some characteristics of the CF-matter
responsible for the nuclear transmutations in the CFP.
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1. Introduction

The cold fusion phenomenon (CFP) composed of various events, including nuclear
transmutation, emission of neutrons with energies from 2.5 up to 20 MeV, generation of
tritium and large excess heat, has been observed for more than 25 years mainly in 3d
and 4d transition-metal hydrides and deuterides such as NiHyand PdDy [Kozima 1998,
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2006] besides in XLPE [Kozima 2016c] and biological cultures [Kozima 2016d]. The
experimental data sets with large dispersion in the CFP have been successfully analyzed
phenomenologically using a model (the trapped neutron catalyzed fusion (TNCF)
model) proposed in 1993 at ICCF4 [Kozima 1994] in consistency with knowledge of
modern physics. The basic assumptions of the model, especially the existence of the
trapped neutrons in materials (CF materials) where the CFP was observed have been
explained using the novel knowledge of solid-state physics and nuclear physics
[Kozima 2006, 2016c].

It should be remembered that the idea of the neutron energy band introduced in the
process of the justification of the trapped neutrons in the CF materials may have close
relations with such physical characteristics of the transition-metal hydrides and
deuterides as extraordinary large diffusivity of H and D in them. Anyway, the novel
knowledge of the interaction among lattice nuclei mediated by occluded H or D
disclosed by the CFP will open a new perspective of solid state-nuclear physics in these
materials.

In relation to the CFP, there are several modes of electrolysis to charge hydrogen
isotopes into metals; the most popular one is the electrolysis of light and heavy waters
with alkaline ions in electrolytic liquids at a relatively low current density (let us call
this case the normal electrolysis) to charge hydrogen isotopes into CF materials
(hydrogen occluding metals) such as Ni, Ti and Pd (e.g. [Fleischmann 1989, McKubre
1991]). We have analyzed mainly these data sets of the normal electrolysis hitherto
[Kozima 1998, 2006]. There are other types of electrolysis with higher current densities;
one is the arc discharge between carbon (graphite) rods in water (e.g. [Hanawa 2000])
successfully analyzed before [Kozima 2012]. This stage of current flow between two
electrodes is called “the supra-critical electrolysis™ hereafter together with another stage
of electrolysis explained below.

Another mode of electrolysis left aside until now is “the critical electrolysis” [Ohmori
2016] taken up in this paper.

To make our image of electrolysis clear, we cite here the case of electrolysis with
palladium cathodes with varying current density. The critical electrolysis occurs in the
case of Pd cathodes as follows:

Let us consider the experiment performed by the current control scheme. When the
current density i is less than a critical value ig, the electrolysis is in a steady state.
However, when the current density exceeds i, the electrode potential suddenly becomes
unstable. We call the electrolysis at the current density iy “the critical electrolysis”
([Ohmori 2002, 2004]) and the electrolysis with a current density i > ip is called “the



supra-critical electrolysis” in this paper for convenience of discussion. In the
supra-critical electrolysis, at 5 — 10 minutes after arriving at the critical condition, the
glow discharge occurs (called also as “the plasma electrolysis” [Ohmori 1998c]), and
the electrode becomes incandescent.

As soon as the electrolysis reaches at the critical condition, the regulated DC
current-control mode of power supply changes instantaneously to the potential-control
mode owing to the momentary jump of the electric resistance of the electrode/solution
interface.

Classification of Electrolysis according to Cathode Phenomena

In summary, we can classify the electrolysis according to the current density at the
cathodes, i.e. according to the cathode temperature which affects the behavior of H and
D at the cathode.

The electrolysis is  classified in three types according to the current density i;

(1) Normal electrolysis; current density i <~ 1 A/ cm?,
(2) Critical electrolysis; current density in between 1 and 5 A/ cm?®; ~ 1 A/ cm*<i<~5
Al cm?,
and
(3) Supra-critical electrolysis; current density i > 5 A/lcm?.
In the supra-critical electrolysis, there occurs glow or arc discharge.

We can cite several examples of these electrolysis from the history of the CF
research as follows;
Normal electrolysis; [Fleischmann 1989] i < 512 mA/cm?, [McKubre 1991] (typically i
= 300-600 mA/cm?, but up to 6400 mA/cm?), [Silver 1993] (i = 250 mA/cm?) [Dash
1994] (H,0 + H,S04, i = 670 mA/cm?), [Ohmori 1998b] (i = 100 mA/cm?).
Critical electrolysis; [Ohmori 1998, 2002, 2004, 2016] i ~ 3.13 — 3.75 Alcm?,

[Ohmori 2002, 2004 (Pd)]

Supra-critical electrolysis; [Ohmori 1999, Mizuno 1998a, Hanawa 2000] glow
discharge or plasma electrolysis and arc discharge at higher voltages (up to 240 V).,
[Ohmori 1999] (W) i ~ 2.5A/0.5cm? = 5 A/cm?. [Hanawa 2000] graphite rods electrodes
d=6mm,=30A,i~100A/m? V =20V and Qi, = 600 W).

Some characteristics of electrodes in these electrolysis conditions;

(1) In the “Normal Electrolysis,” the cathode temperature is in equilibrium with the
surrounding electrolyte, and does not become higher than 100 °C (or the boiling
point of the electrolytic liquid).



(2) In the “Critical Electrolysis,” the cathode is heated by the proton or deuteron current
absorbed by the cathode (Especially, in the case of Pd, the process is exothermic.).

(3) In the “Supra-critical Electrolysis,” the process becomes glow or arc discharge in
the liquid, and the cathode is heated more than that in the critical electrolysis up to
the boiling point of the electrolytic liquid. In the arc, the anode is also heated very
high up to about 3000 K [Hanawa 2000].

In this paper, we take up mainly experimental data sets obtained with the critical and
supra-critical electrolysis by Ohmori et al. and also related data sets to them to discuss
the cold fusion phenomenon from the unified point of view using the TNCF model
based on the solid-state nuclear physics of neutrons in CF materials.

In Section 2, we explain experimental data sets obtained in experimental systems with
cathodes of graphite, Pd and 5d transition-metals. In Section 3, we summarize the
essence of the TNCF model. In Section 4, we give analysis of the experimental data sets
explained in Section 2 by the TNCF model.

In Section 5, we explain the meaning of the phenomenological model based on the
experimental data.

In Appendices, we give a summary of physical properties of hydrogen isotopes in
metals in Appendix A and the super p-p interaction between protons in interstices in
solid state physics, a counterpart of the super-nuclear interaction, in Appendix B.

2. Experimental Data Sets on the Nuclear Transmutation in Cathodes
at the Normal, Critical and Supra-critical Electrolysis with Graphite,
Pd, W, Re and Au Cathodes
The cold fusion phenomenon (CFP) has been investigated mainly in transition-metal
hydrides and deuterides since the discovery of this phenomenon in a Pd/D,O+LiOD/Pt
system by Fleischmann et al. in 1989 [Fleischmann 1989]. There have been investigated
the CFP not only in deuterium systems (e.g. PdDy and TiDy) but also in protium systems
such as NiHy and PdHy in several years after the discovery (cf. e.g. [Kozima 1998,
2006]). Thus, the CF materials where the CFP has been observed increased from the
transition-metal deuterides to the transition-metal hydrides in a few years after the
announcement of the CFP by Fleischmann et al.
One of the astonishing discoveries of the CFP was that there are observed nuclear
transmutations, production of heavy elements, especially a large amount of iron in an
unexpected CF material, graphite [Sundaresan 1994, Singh 1994, Hanawa 2000].
Another remarkable data on nuclear transmutation and excess heat have been



observed in 5d transition-metal hydrides by Ohmori et al. after 1996 which are the main
subject of the analysis in this paper. The experimental data of these works are tabulated
in Table 2.1, and discussed further in the following subsections.

Table 2.1 Nuclear transmutations observed in the surface region of cathodes at the critical and
supra-critical electrolysis with Graphite, W, Re, Pt and Au cathodes

Cathode/Electrolytic Electrolysis; Current density Transmuted
Liquid/Anode Normal (N), at cathode, nuclei
Critical (C), (duration of (References)
Supra-critical experiment)
(SC)
Graphite/H,O/Graphite ~ SC(Arc discharge 100 A/cm?, Fe + Cr, Mn, Co,
in H,0) Ni, Cuand Zn (1)
Pd/D,0 +K,CO4/Pt N 0.2-0.8 Alcm?, Cr, Fe, Cu, Pb (5)
C 3.1-38A/cm*>  Pd, Au, Hg, Pb(6)
Pd/H,0 + Na,SO./Pt
W/H,0+Na, SO+ sC 5 Alcm?, Cr, Fe, Ni, Re(2,3)
Na,CO3+K,CO3+/Pt
Re/H,0+Na,SO,+ sC (glow 3 Alem®? Fe, Cu, Zn (3)
K2S0,4+K,CO5+/Pt discharge in H,0)
Au/H;0+Na,SO,+ N 0.2 ~ 1.5 Alcm? F, Si, Fe, Pt, Hg
K2SO4+K,CO3/Pt (7 — 30 days) (4)

References: (1) [Hanawa 2000], (2) [Ohmori 1999, 2000b], (3) [Ohmori 2000a], (4)
[Ohmori 1996a, 1996b, 1996¢, 1997a, 1997b, 1998a], (5) [Mizuno 1998, Ohmori
1998b], (6) [Ohmori 1996a, 1998b, 2002, 2004]. Detailed explanations are given below
in this section.

The working conditions for “critical” and “supra-critical” electrolysis for the CFP in
these 5d-transition metals are explained in the beginning of Sec. 2.1.

Classification of the nuclear transmutations

The nuclear transmutations (NTs) observed in the CFP could be classified by the
mechanism to generate new elements according to the TNCF model. The NTs are
divided into two types, NT of the first kind (NT ) and that of the second kind (NT I1).
NT of the first kind (NT 1) is characterized by the reaction to generate new nuclides
where participates only a single neutron, and we have been able to explain experimental
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data sets of this type quantitatively as shown in our papers and books [Kozima 1998,
2006, 2014a]. On the other hand, the NT of the second kind (NT II) needs neutron drops,
AZA composed of Z protons and (A — Z) neutrons (cf. Sec. 3.1), to explain the data
showing large changes of the proton Z and nucleon A numbers from pre-existed
nuclides to new-born nuclides.

The existence of trapped neutrons in CF materials was an a priori assumption in the
early stage of the TNCF model, but has been later explained by the formation of the
CF-matter due to the neutron energy band realized by the super-nuclear interaction
between neutrons in lattice nuclei mediated by interstitial protons or deuterons. [Kozima
2006] The CF-matter has now to be classified into type-l and type-Il corresponding to
the classification of the nuclear transmutation into NT | and NT Il as explained in
Sections 3 and 4.

2.1 Explanations of Data Sets of the Nuclear Transmutation by the Normal,
Critical and Supra-critical Electrolysis on Graphite, Palladium and 5d Metal
Electrodes

It is interesting to notice that such materials as graphite and 5d metals with d-electrons
more than 4 (W, Re, - - -) are different from hydrogen-occluding 3d and 4d metals in
their interaction with hydrogen isotopes. Usually at near room temperature, the former
metals are inactive to hydrogen isotopes with large positive heat of solutions as shown
in Fig. A1 (Appendix A). Therefore, they usually have not been used as CF materials
where is observed the cold fusion phenomenon (CFP).

The situation changes very much, if these materials are heated to higher temperatures
where hydrogen isotopes tend to be absorbed and occluded. These materials at higher
temperatures have similar properties to the 3d- and 4d-transition metal hydrides. The
experiments performed mainly by Ohmori et al. have shown that 5d-transition metals
exhibit an interesting characteristic of CF materials common to 3d- and 4d-transition
metals in terms of the CFP. This characteristic is valuable not only from scientific but
also from technological point of view as shown in this paper.

In the experiments with 5d transition metal electrodes, the electric power was
supplied by either of the regulated DC current/voltage supplies with 160 V or 240 V
maximum output potential in the case of W/H,O/Pt system. When the electrolysis is
performed at current-control mode with a definite current of iy, the electrolysis is kept
normal at voltages lower than a value v.. When the voltage exceeds a critical voltage v,
(critical electrolysis), it becomes uncontrollable, fluctuating up and down. This stage is

called the “supra-critical electrolysis.” Under this situation the electrolytic solution is



heated vigorously, and, as a result, a glow discharge starts (plasma electrolysis). In the
case of carbon electrode, arc discharge starts.

2.1.1 Hydrogen-graphite system; Graphite/H,O/Graphite

In the experiments by Sundaresan et al. [Sundaresan 1994] and by Hanawa [Hanawa
2000], a lot of iron is produced in addition to other elements such as Ca, Si, Cr, Mn, Co,
Ni, Cu and Zn when carbon (graphite) is used as electrodes for arcing in water and in air.
Furthermore, it is shown that the isotopic ratio of the generated iron is the same to the
natural one. These data sets was analyzed by the TNCF model, and given a consistent
explanation for the transmuted nuclei as a result of nuclear interactions between trapped
neutrons and cathode materials [Kozima 2012].

2.1.2 Palladium cathode systems; Pd/D,O/Pt and Pd/H,O/Pt

Using Pd cathodes with heavy and light waters, Ohmori and his collaborators
discovered nuclear transmutations of elements at surface regions of cathodes with
normal and supra-critical electrolysis.
2.1.2a Pd/D,0O/Pt

Experiments were performed in the system of Pd/D,O+Li,CO3/Pt with current
densities of 0.2 — 0.8 A/lcm?[Mizuno 1998]. In the surface layer of depth about 10,000
A, there appeared many new elements especially Ti, Cr, Fe, Cu, Sn and Pb with larger
amounts compared with others. Furthermore, the isotopic abundances of chromium
ACr differed from the natural abundances as shown in Table 2.2;

Table 2.2 Isotopic changes of chromium isotopes “,,Cr found in the surface layer of the Pd cathode
from natural ones [Mizuno 1998].

A 50 52 53 54
Natural abundance (%) 4.3 84 9.5 24
Measured abundance (%) | 14 51 2.4 11

This experimental data is discussed in Sec. 4.2.2.

2.1.2b Pd/H,0O/Pt

Ohmori et al. have performed extensive measurements of the CFP in Pd/H,O+
Na,SO,4/Pt systems at the supra-critical electrolysis condition for a long period of time
[Ohmori 1996a, 1998b, 2002, 2004]. Details of the experiments are given below , and
their analysis is given in Sec. 4.2.2.



2.1.2b-1 Electrolysis

Electrolysis condition

When the experiment was performed at a current density of 2 A/cm? the solution
temperature reached ca 60-70°C.

When the current density was set at 3 A/cm?, the temperature was further raised to ca.
85 °C. Under this condition the electrode potential began to fluctuate up and down like a
wave (this stage of electrolysis is termed “supra-critical electrolysis” [Ohmori 2002,
2004]), and after 5-10 minutes there occurred a glow discharge, and the electrode
became in an incandescent condition. This state of electrolysis is called “plasma
electrolysis.” [Ohmori 1998c]

When the electrolysis became plasma electrolysis condition, the electrolytic solution
started to boil vigorously. As soon as the electrode reached plasma electrolysis condition,
the regulated DC current-potential supply mode changed instantaneously from the
current-control mode to the potential-control mode owing to the momentary jump of the
electric resistance of the electrode/solution interface.

2.1.2b-2 Result

(a) Isotope distribution

Isotopic distribution of Pd on the surface of the eight kinds of electrodes after the
supra-critical electrolysis is shown in a figure [Ohmori 2016 (Fig.4)]. Without exception
the isotopic abundance of the palladium electrodes deviates markedly from its natural
one for all of the electrodes. In this case, there are following characteristics in common:
(i) Content of ®Pd exceeds significantly its natural isotopic abundance for all of the
electrodes: (ii) Content of "'°Pd exceeds its natural isotopic abundance in most cases,
(iii) In contrast, content of other lighter palladium isotopes are mostly below their
natural isotopic abundance. Consequently, it appears that the content of heavier
palladium isotopes tends to increase, whereas, the content of lighter ones tends to
decrease.

(b) Foreign elements

Foreign elements with larger atomic numbers by 2 — 4, Cd and Sn, were detected after
the supra-electrolysis of Pd electrode [Ohmori 2016 (Fig.7)]. The isotopic distribution
of Cd is very different from its natural isotopic abundance. In this case, Cd (main
isotopic component in natural Cd) was not contained in Cd detected after the
electrolysis [Ohmori 2016 (Fig. 12)]. Unfortunately, isotopic distribution of Sn could
not be analyzed because of overlapping of its SIMS signals with those of other



materials.

Foreign elements Pt and Au with larger atomic numbers, other than Cd and Sn, were
also detected. These elements have different isotopic distributions from their natural
ones [Ohmori 2016 (Fig.9)]. In this electrolysis system Pt net was used as a counter
electrode. So the Pt was considered to be produced as a result of the electrodeposition of
Pt dissolved from the counter electrode. The production of Au may result from the Pt
similarly to the production of Cd or Sn from Pd.

2.1.3 Tungsten cathode system; W/H,0O+Na,SO4+Na,CO3+K,CO4/Pt
[Ohmori 1998c, 1999, 2000a, 2000b]

Information of the electrode surface after the plasma electrolysis was obtained only
when W and Re electrodes with high melting point were used.

A typical example of the W electrode after the plasma electrolysis is shown in the
figure [Ohmori 2016 (Fig.22)]. Foreign elements Fe, Cr, Re, Pb were detected in this
case. However, the departure of isotopic abundance of Fe and Cr in this case was not so
remarkable. Notable deviation of isotopic abundance is observed for Re and Pb [Ohmori
2016 (Fig. 22 and Table 7)].

2.1.4 Rhenium cathode system; Re/H,O+Na,;SO4+K;S0,4+K,CO3/Pt
[Ohmori 2000a]

The rhenium electrode was a square foil (0.8 cm? apparent area, 0.02 cm thick). The
counter electrode was a platinum net (1 cm x 10 cm, 80 mesh). The surface of the
working electrode was scraped elaborately with a cleaned glass fragment to make a
crystal lattice strain. The electrolysis was performed in the light water solutions of
K,CO3, KNO3, Na;C0O3, Na,SO4, NaNO3, NaClO4, Rb,CO3, Ba(ClOy),, and Ba(NOs),.

The condition of the glow discharge can be accomplished as follows; first,
pre-electrolysis was conducted galvanostatically at a current density of 2 A/cm?for 1 —
1.5 hours by which hydrogen was loaded in the electrode. Then the current density was
increased step-wisely for ca. 30 minutes. When the current density exceeds ca. 3 Alcm?,
the applied potential turned labile, and, after the passage of several minutes, the
electrode incandesced, and emitted red-violet glow.

When the experimental condition reaches glow discharge, the electric power source
operating in the galvanostatic mode switches automatically to the potentiostatic mode
owing to the rapid increase in the electric resistance at the electrode/solution interface.
As a result, the input potential jumped up to 160 V, and the current density dropped
down to 0.8 — 1 A/lcm?, and thereafter gradually decreased, as a whole, down to ca. 0.5



Alcm?.

After the supra-critical electrolysis with a glow discharge, Fe, Cu and trace amount
of Zn or only Zn was detected in the Re electrodes at surface layers of widths about 100
A. The data of transmutation observed in the Re electrodes are discussed in Sec. 4.

2.1.5 Gold cathode system; Au/H,O+Na;SO4+K;SO4+K,CO3/Pt [Ohmori 1997b]
Experiments of the normal electrolysis on the hydrogen non-occluding gold
cathodes have been performed on Au cathodes with approximate dimensions of 1.0, 2.5
and 5.0 cm? x 0.1 mm in electrolytic liquids (H,O + Na;SO, (K,SO4, K,COs)) for fairly
long time-duration of 7 — 30 days with electrolytic current densities of 0.1 — 1.0 A/cm?.
The experiments with Au cathode for fairly long times (up to 30 days) and higher
current densities up to 1 A/cm? in normal electrolysis scheme have revealed several
interesting features of the CFP in electrolytic systems as discussed in Sec. 4.
Details of experimental data in this system are introduced in Sec. 2.3

2.2 Critical Electrolysis with Palladium Cathode-Light Water system;
Pd/D,0+K,CO3/Pt and Pd/H,O+ Na,SO,/Pt

Palladium, a hydrogen occluding metal, is the first metal used for the CF material due
to its large content of hydrogen at near room temperature (e.g. [Fleischmann 1989,
McKubre 1993]). The characteristics of hydrogen isotope-palladium system are peculiar
at its inverse-mass dependence of diffusivity and other properties of protium and
deuterium. Below about 200 °C, deuteron is more diffusive than proton in Pd. As a
result, the Pd-D system is appropriate to measure the cold fusion phenomenon (CFP)
than the Pd-H system, even if protium is occluded in palladium (cf. Fig. A3 in
Appendix). Above about 200 °C, the diffusivity of proton and deuteron becomes normal,
i.e. the former has larger diffusivity than the latter. This is the reason that the critical
electrolysis for the Pd + H system is appropriate for the CF research as successfully
performed by Ohmori et al. [Ohmori 1998b, 2002, 2004].

Isotope distribution

Isotopic distribution of Pd on the surface of the eight kinds of electrodes after the
supra-electrolysis is shown in the figure [Ohmori 2016 (Fig.4)]. Without exception the
isotopic abundance of the palladium electrodes deviates markedly from its natural one
for all of the electrodes. In this, there are some common characteristics in the following:
(i) Content of '®Pd  exceeds significantly its natural isotopic abundance for all of the
electrodes: (ii) Content of '°Pd exceeds its natural isotopic abundance in most cases,
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(iii) In contrast, content of other lighter palladium isotopes are mostly below their
natural isotopic abundance. Consequently, it appears that the content of heavier
palladium isotopes tends to increase, whereas, the content of lighter ones tends to
decrease.

Foreign elements

Foreign elements with atomic numbers 2-4 larger, Cd and Sn, were detected after the
supra-electrolysis of Pd electrode [Ohmori 2016 (Fig.7)]. The isotopic distribution of
Cd is very different from its natural isotopic abundance. In this case, **Cd (main
isotopic component in natural Cd) was not contained in Cd detected after the
electrolysis [Ohmori 2016(Fig.12)]. Isotopic distribution of Sn could not be analyzed
because of overlapping of its SIMS signals with those of other materials)

Foreign elements with larger atomic numbers other than Cd and Sn, Pt and Au, were
also detected. These elements have different isotopic distributions from their natural
ones [Ohmori 2016 (Fig.9)]. In this electrolysis system, Pt net was used as a counter
electrode. So the Pt was considered to be produced as a result of the electrodeposition of
Pt dissolved from the counter electrode. The production of Au may result from the Pt
like the production of Cd or Sn from Pd.

2.3 Normal Electrolysis with Au Cathode-Light Water System;
AU/H,0 + Na,SO4+ Na,CO3+K,CO4/Pt
2.3 (a) Experiment
The gold electrodes used were of Au sheets (1.0, 2.5 and 5.0 cm? apparent surface
area). Electrolysis was carried out in 0.5M Na,CO3, Na,SO,4, and K,COj3 solutions at
current densities ranging from 0.1 to 0.5 A/cm?.
2.3 (b) Precipitates

| In the normal electrolysis (0.1 A/lcm?) no electrolysis deposits were observed. However,
fine black porous precipitates began to appear at the bottom of the electrolytic cell when
electrolyzed at current densities of > 0.2 A/cm?. In most cases the precipitates began to
appear within 2-3 days after starting the electrolysis, and then gradually increased. The
amount of the precipitates was in the range from 0.1 to 1 mg, and seemed to be different,
depending on the slight difference in the manner of the surface pretreatment of the
electrode. The scanning microscope (SEM) image of the precipitate is shown in
[Ohmori 1997b (Fig.14)]. To all appearance, the precipitates look like fine black
powder, but, in fact, they have a number of very fine porosities ranging from a few nm

| to um order as shown in (b, ¢)._— (BREE: @x~> (BL)
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The EPMA images are shown in [Ohmori 1997b (Fig.21)]. As seen from this figure the
main component of the precipitates is gold. However other kinds of elements, such as
Pt, Hg, Os, Hf, Fe and Si, are also included. Therefore, we can consider that these
precipitates are those erupted from the volcano-like structure formed on the gold
electrode as will be mentioned below.

2.3 (c) Surface topography of the electrode

There have been observed many examples of topographical changes of cathode
surfaces in experiments with normal and in supra-critical electrolysis [Silver 1993,
Kozima 1998 (Appendix C7)]. The surface topography of electrodes observed in the
experiments performed by Ohmori et al. [Ohmori 2016 (Secs, 3-2, 3-3, 4-2)] is
discussed briefly in Sec. 4.3.2.

2.3 (d) Isotopic distribution of product elements
The isotopic distribution of the major product elements reveals significant deviation
from their natural isotopic abundance. The details will be described below.

2.3 (d-1) Elements on/in the electrodes at low current densities

Under the normal electrolysis at current densities > 0.2A/cm?, no detectable precipitates
appeared throughout the electrolysis. In this case iron atoms were detected exclusively
at the part of the electrode close to the surface of the electrode. Figure 9 and 10 [Ohmori
1997b (Figs. 9 and 10)] show the AES spectra of the gold electrode after the electrolysis
after 7 days of the electrolysis in Na,SO, and K,COs at a current density of 0.1A/cm?.
On the spectra of the uppermost layer iron and oxygen signals are observed other than
gold signals. On carrying out A" ion bombardment, the iron and oxygen signals decline,
and disappear after several minutes. The distribution profile of iron atoms calculated
from the results in Fig.9 is shown in Fig.12 [Ohmori 1997b (Fig. 12)].

2.3 (d-2) Elements on/in the electrodes at high current densities

A considerable amount of Hg is observed on and in the electrode after the normal
electrolysis at higher current densities ~ 0.5 A/cm?  Figure 17 [Ohmori 1997b
(Fig.17)] shows EPMA mapping images of Au, Hg, Fe and Si on the gold electrode after
the electrolysis in Na,COs at a current density of 0.5 A/lcm?®.  Judging from this figure
the amount of mercury on the electrode surface is comparable with gold of the electrode
material.

The isotopic abundance of the mercury is also different from its natural isotopic
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abundance [Ohmori 1997b (Fig. 28)]. The content of lighter mercury isotopes, ***Hg,
20Hq increase, while, the content of heavier ones, ***Hg, 2*?Hg, decrease. Especially the
maximum component, “*’Hg, in the natural world decreases down to several percent.

2.3 (d-3) Elements on and in the precipitate produced in the electrolysis at high
current densities

The elements with anomalous isotopic distribution were also detected in the precipitant.
As a typical example, we show the isotopic distribution of mercury against the scan
number of SIMS [Ohmori 1997b (Fig.34)]. The content of **’Hg is much larger than its
natural isotopic abundance also in this case although the isotopic distribution of
mercury of the precipitant shows rather complicated as compared with that of Au
electrode itself [Ohmori 1997b (Fig. 28)]. Perhaps such an abnormality is attributed to
the structural feature of the precipitant. [Ohmori 1996a, 1996b, 1996¢, 1997a, 1997b,
19983]

2.4 Summary of the experimental data sets on the normal, critical and
supra-critical electrolysis with 5d transition-metal cathodes

There are more interesting features of the CFP than the nuclear transmutations analyzed

in this paper. We explain some of them in addition to the summary of the nuclear

transmutations explained above.

2.4.1 Nuclear Transmutations in the 5d transition-metal cathodes

It was necessary to perform electrolysis in critical and supra-critical conditions
when the electrodes were 5d transition metals. Or it was necessary to use very long
times of electrolysis. These conditions are discussed in Section 4.

2.4.2 Surface topography

There have been observed many evidences of nuclear reactions at surface regions of
electrodes of CF materials. One of the most impressive evidence of nuclear reactions
producing huge amount of excess energy has been the topography change of cathode
surface showing such high temperatures above the melting points Ty, of electrode metals
as Ni (T, = 1455 °C) and Pd (T, = 1554.9 °C) in 3d and 4d transition metals (e.g.
[Kozima 2006 (Fig. 2.3) and Appendix C7]).

Also, there have been observed topography changes of the cathode surface of 5d
transition metals in the experiments where were observed nuclear transmutations; the
melting points of these 5d transition metals are very high, i.e. T, = 3387 °C (W), T =
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3180 °C (Re), Ty = 1772 °C (Pt) and Ty, = 1064 °C (Au). Some examples of them are
briefly discussed below.

Gold cathode

The surface of the electrode after the electrolysis at a current density > 0.2 A/cm?
exhibits very anomalous structure. Figure 2.1 [Ohmori 1997b (Fig.40)] shows typical
SEM images of the electrode surface before and after the electrolysis for 30 days at a
current density of 0.5A/cm?.

Here (a) shows the electrode surface before the electrolysis. To our surprise a number of
craters with various sizes are developed (Figures d and e). Each crater has a deep hole
reminding us of a volcano. The size of the largest one reaches ca. 20 um diameter and
30 um height (b, c¢). From the appearance of these craters one can imagine that some
explosion took place during the electrolysis, and as a result of this, such excellent
craters were completed (f). The outside wall of the craters consists of fine porous
substance which reminds us of the structure of the precipitates mentioned above. The
inside of the craters at least consists of three kinds of layers as judged from the
inspection of the picture, That is, while at the bottom part the wall is made of relatively
large irregularly formed crystallites of several pm order, at the intermediate part the wall
is made of more fine crystallites of several 100 nm order (g). The magnified picture of
this  layer shows that these crystallites have a hexagonal shape
assignable to Au (111) (h). At the outside the wall consists of very fine crystallite of
less than 30 nm. These crystallites also look hexagonal, although the outline is not
necessarily clear. Hence these crystallites may be regarded as to be produced by the
reconstruction of gold electrode material owing to the intense heat evolved.

Similar features have been observed in W and Re cathodes as briefly explained below.

Tungsten cathode
Surface topography of W electrode after the plasma electrolysis shows a crater-like

structure [Ohmori 2016 (Fig.25)]. The EDX spectra were observed at two different
spots on the crater-like structure; one is a spot A at the center part, and the other is a spot
B near the edge. On the spectrum from spot A, strong signals of Fe and Cr and moderate
signal of Ni are observed, from which the content of Fe, Cr and Ni are calculated as
67.4, 16.9 and 7.9 at.%, respectively. This suggests that the nuclear reaction takes place
predominantly at the center of the crater.

14



Rhenium cathode

Surface topography of Re electrode after the plasma electrolysis was investigated
[Ohmori 2016 (Fig.20)]. A number of rhombus pits of various sizes are aligned with
regularity. In addition, fine sharp grooves run straightly in all directions thrusting
through the centers and corners of individual pits. The dimension of these pits is mostly
in the range from 10 to 20 nm, respectively. On the surface of the electrode K, Zn, Fe
and Cu were observed. [Ohmori 2000]
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Fig. 2.1 Typical SEM images of the Au electrode surface before (a) and after (b) — (h) the
electrolysis in Na,COj solution of light water for 30 days at a current density of 0.5 A/cm? [Ohmori
1997b (Fig. 40)].

3. Trapped Neutron Catalyzed Fusion (TNCF) Model for the Cold
Fusion Phenomenon (CFP)

The effectiveness of the TNCF model have already been shown by analyses of the CFP,
especially the nuclear transmutations in such protium and deuterium systems as NiH
and PdD using the idea of the neutron drop “;A [Kozima 2006 (Sec. 2.4.2), 2014a (Sec.
4)]. In this section, we summarize the essence of the TNCF model which will be used in
Section 4 to analyze the experimental data obtained in 5d transition metal hydrides and
deuterides.

3.1 Phenomenological Model with an Adjustable Parameter n;, the Density of the
Trapped Neutrons in a CF Material
Based on the curious experimental data showing occurrence of nuclear reactions in CF
materials, we have elaborated a phenomenological model, the trapped neutron catalyzed
fusion (TNCF) model, assuming several premises; the most important one of them is the
existence of the trapped neutrons with a density n, adjustable to an experimental data
[Kozima 1994].
The fundamental nuclear reaction of the TNCF model is a reaction between a trapped
neutron (n) and a foreign or a displaced nucleus X (“zX) to generate a new nuclide Y
(**12X) followed by some processes to generate a new nuclide Y or nuclides Y and Y,
or others;
n+2X 52X - ALY + e + v, (beta decay of A*12X) (3.1)

— A3, Y +%He, (alpha decay of ~*!,X) (3.2)
— A 0 Y +2,Y7, (fission of A2 X into Yand Y?)  (3.3)
where v, is the anti-particle of the electron neutrino ve.
This type of the nuclear transmutation (NT) is called the nuclear transmutation of the 1°
kind (NT of type 1) in this paper.
The TNCF model has been applied to a few data sets where were observed several
observables (e.g. a and b) simultaneously; the quantitative relations between the values
of the observables a and b have been explained by the model in a factor of 3 as
expressed as follows;
(Na/Nb)tn = m (Na/Np)ex , (M =3 - 5). 3.4)
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where N, and Ny, are the values of observables a and b.

The resulting data of the analyses were tabulated in our books [Kozima 1998 (Tables
11.2 and 11.3), 2006 (Tables 2.2 and 2.3)]

This success of the model has shown that there is something true in the premises of the
model reflecting reality in the cold fusion phenomenon (CFP).

3.1.1 Extension to the Neutron Drop Model

The success of the model described above encouraged extending the model to explain
wonderful data sets of nuclear transmutations with large changes of proton Z and
nucleon A numbers. Suggested by the work by Negele et al. [Negele 1973] on the
neutron star matter, we proposed concepts of the CF-matter and the neutron drop ;A
composed of Z protons and (A — Z) neutrons in the CF material [Kozima 1998 (Sec.
12.8), 2006 (Sec. 3.7) , 2008b]. The CF-matter [Kozima 2006] is a concept to express a
state composed of high density neutrons in the CF material similar to the neutron star
matter in the case of the neutron star [Negele 1973].

When there are neutron drops in CF-matter formed around surface/boundary regions by
the mechanism discussed above, we can use the neutron drop “;A and a small
neutron-proton cluster #75 in the nuclear reactions as a simultaneous feeder of several
nucleons to nuclides. The nuclear transmutations (NT’s) induced by this mechanism is
called the nuclear transmutation of the 2" kind (NT of type I1) in this paper, and include
following reactions;

A A A- A+
A+ 2, X oM AT X0,

S AT AN XX, (3.5)

ApA+ AT X S A LA AT X S A LA+ AT X+ s, (3.6)

K8+ 82X = A, X S AT, L X+ s, (3.7)
AN — AoX. (3.8)

In the reactions (3.6) and (3.7), we have used a symbol ¢’s to express dissipation of

the excess energies in the intermediate neutron drop “:A”" and nuclide ***,. X" into
surrounding CF-matter (and then to the phonons in the lattice of CF materials) instead
of photons in the case of nuclear reactions in free space.
The last reaction (3.8) is the transmutation by transformation (NTt) as classified
according to the characteristics of nuclear reactions after the absorption of a neutron or
of a neutron drop in the former papers (e.g. [Kozima 2014a]). In this case, a neutron
drop #2A in a CF-matter transforms into a nuclide “,X when it suffered disturbance by a
foreign nucleus or displaced nucleus at a surface region or in a volume of the
superlattice where the CF-matter exists.
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In these nuclear reactions, a neutron drop can participate in them resulting in the
nuclear transmutations such as “76Pd — “’s;Pb [Ohmori 1998a].
19729Pd + X34 —%5,Pb (A =206, 207. 208, A’=9, 10, 11).

Table 3.1 Nuclear transmutations in the cold fusion phenomenon (CFP) arranged according to the
nuclear processes from the initial to the final stages; a, initial, b, intermediate, and c, final stages.
Nuclear transmutations by decay (NTp), by absorption (NT ), by transformation (NT+), and fission
(NTEg), which have been used in the former books and papers (e.g. [Kozima 1998, 2006, 2014a]) are
used to describe the final reactions to assist understanding of the complex nature of the NTs in the
CFP. veis the anti-particle of the electron neutrino.

Initial reactants in the | Intermediate Final reaction | Classification by the
stage a of NT and nuclide products in the stage ¢ | final reaction
(its classification) inthe stageb | (common to in the stage ¢

NT I and NT Il are
omitted)

n+"X (NT 1) AL X X+ e +ve NTo (B)
A3, X7 +%He NTp (o)
ALX + bs NTa ()

N A+ 22X (NT I AR L X0* AR @ X7+ | NTE
X+ ®’s

A2A(NT 1) AX* AX+ s NTy

The scheme of the nuclear transmutations grasped by the TNCF model is tabulated
in Table 3.1.

We are able to clarify the nature of the CF-matter in relation to the NTs of the first kind
(NT 1) and the second kind (NT II). It is shown that the physical meaning of the two
types of the CF-matter, type-1 and type-1l. The former is formed in CF materials when
electrolysis is done with relatively low current density, and responsible for NT I, while
the latter is formed there when electrolysis is performed with relatively large current
densities including critical electrolysis and supra-critical electrolysis (glow and arc
discharges), and results in NT Il. The type-I CF-matter seems to correspond to the
neutron star matter at lower density while the type-1l CF-matter to the neutron star
matter at higher density as shown by simulation by Suess and Urey [Suess 1956].

3.2 Foundation of the TNCF Model
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It has been a common sense in physics that the environment in a crystal around an
interstitial proton/deuteron does not have strong influence on the two-body interaction
between a lattice nucleus and an interstitial proton/deuteron [Kozima 1998 (Sec 12.2d),
2006 (Sec. 3.4.3)]. However, the investigation of the bases of the TNCF model, a part of
which was given in the former book [Kozima 1998 (Secs. 12.4 — 12.8)], has given us an
idea of the super-nuclear interactions between lattice nuclei mediated by interstitial
protons/deuterons which results in formation of neutron energy bands presupposed
before [Kozima 1998 (Sec. 12.4)]. The super-nuclear interaction has a similarity in the
superexchange interaction between Mn ions mediated by oxygen ions in MnO
anti-ferromagnetism (e.g. [Suzuki 2009 (Introduction), Timm 2009 (Sec. 4.3)]). Thus, it
was shown that the two neutrons at lattice points far out of the range of nuclear force of
about one fermi (= 10> m) can interact each other by the mediation of wavefunctions
of a proton (or a deuteron) at interstitial sites extended to the lattice points where are the
neutrons.

Furthermore, the exotic nuclei with large excess of neutron numbers over those of stable
nuclei have recently investigated extensively. Existence of these exotic nuclei with
extended distribution of excess neutrons has encouraged the investigation of the
super-nuclear interaction [Kozima 2006 (Sec. 3.7), 2008b, 2009].

3.21 The Super-nuclear Interaction between Lattice Nuclei mediated by
Interstitial Protons/Deuterons

There is another factor which encouraged the calculation of the super-nuclear
interaction; the extension of proton/deuteron wavefunctions in an interstitial sites in fcc
transition metals. It is well known that wavefunctions of proton and deuteron in Pd, one
of the best investigated transition-metal hydrides, are not localized at the interstitial sites
but extended to overlap with neighbouring lattice points.

On the other hand, neutrons in an outermost shell of a lattice nucleus have rather
extended wavefunctions, especially when the nucleus is in an exotic state; a state with a
large excess number (A — Z) of neutrons over the number Z of protons; (A—2Z) >> Z.
Therefore, the extended distribution of the neutrons in an outermost shell of a lattice
nucleus (possibly an exotic nucleus) and the non-localized wavefunctions of interstitial
protons/deuterons are favorable for the super-nuclear interaction to realize the neutron
energy bands [Kozima 2006 (Sec. 3.7), 2008b, 2009].

3.2.2 Formation of the Neutron Energy Bands and CF-Matter
Once the neutron energy bands are formed by lattice neutrons (neutrons in lattice
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nuclei) with the super-nuclear interaction, the neutrons in the neutron valence band
accumulate at boundary/surface regions of the CF material to form a CF-matter with a
density around 10° — 10 cm™ as determined by the analyses of experimental data sets
[Kozima 1998 (Tables 11. 2 and 11.3), 2006 (Tables 2.2 and 2.3).

It should be emphasized again here that the neutrons in a neutron energy band do
not interact with lattice nuclei such as Pd and Ni in PdD or NiH as described by the
Bloch Theorem [Seitz 1940, Kittel 1976]. They interact with foreign nuclei at crystal
surfaces or disordered nuclei from lattice points of the CF-material. This is the cause of
the localized appearance of the fusion products in the CFP.

This simple fact has been forgotten in researchers in the field of CFP, even if it has
been clearly written down in textbooks for instance as follows;

“These solutions are composed of traveling waves, and they can be assembled into wave
packets to represent electrons that propagate freely through the potential field of the ion
cores.” [Kittel 1976 (p. 190)]

3.3 CFP in CF Materials by the CF-Matter Formation

Thus, from our point of view, it is necessary to have the CF-matter by any means to
realize the CFP in a CF material. In order of preparation of the CF material, we can
enumerate the necessary conditions for the realization of this state as follows.

Necessary Conditions for and Characteristics of the CFP in CF materials:

(1) Absorption of protium/deuterium into the material (at least in the surface regions
thicker than at least about 200 A = 20 nm) with a density as high as that of the host
element [Kozima 2000 (Sec. 4)]. It is said that the necessary average density of the
hydrogen isotopes should be larger than a minimum value, given for instance by the
composition ratio D/Pd > 0.7 in the case of PdDx [McKubre 1993].

(2) Formation of the superlattice composed of a sublattice of the host nuclei at the
lattice points and another sublattice of protons/deuterons at the interstitial sites in
localized regions of the material. The self-organization, a cooperative process, might be
relevant to this superlattice formation [Kozima 2013, 2016b (Sec. 3.8)]. This condition
relates closely with a characteristic of the complexity, and is one of the most effective
causes for the qualitative reproducibility, i.e. the lack of the quantitative reproducibility.
We can expect at best only a qualitative reproducibility in the CFP which is in
accordance with the notorious irreproducibility of events in the CFP.

(3) Existence of lattice nuclei with neutrons at evaporation levels (where the exotic
nuclei are favorable) [Kozima 2016c]. The neutrons in the outermost shell of a lattice
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nucleus may be responsible for the super-nuclear interaction explained below.

(4) Existence of non-localized proton/deuteron wavefunctions in the material. It is
probable that the higher the diffusivity of protons/deuterons, the larger the extension of
their wavefunctions, from experimental data in solid state physics [Kozima 2009]. This
is the reason that the CFP is frequently observed in hydrogen occluding
transition-metals at near room temperature.

(5) Realization of the super-nuclear interaction between lattice nuclei (mediated by
interstitial protons/deuterons) [Kozima 2006 (Sec. 3.7.2), 2016¢c (Sec. 5.2.3)].
Overlapping of a proton/deuteron wavefunction and a neutron wavefunction results in
the attractive interaction of the proton/deuteron and the neutron in the first order, and
then in the super-nuclear interaction between two neutrons in different lattice nuclei in
the second order approximation.

(6) Formation of the neutron energy bands by the coupled neutrons with the
super-nuclear interaction [Kozima 2006 (Sec. 3.7), 2016c], Mediation of the
super-nuclear interaction is realized by the interstitial hydrogen isotopes in
transition-metal hydrides/deuterides or by the hydrogen atoms of organic molecules in
the polyethylenes and biological cultures.

(7) Supply of neutrons into one (valence band) of the formed neutron energy bands
[Kozima 1998 (Sec. 8.3), Kozima 2006]. Neutrons may be supplied by excitation from
lower energy levels of lattice nuclei or by neutrons from outside absorbed by the CF
material.

(8) Accumulation of neutrons at boundary/surface region of the CF material to form the
CF-matter [Kozima 2006 (Sec. 3.7.2.3), 2011, 2016b (Sec. 3.5)]. It is recognized that
the CF-matter is classified into two kinds; (1) type-I CF-mater where occur nuclear
transmutations of the 1% kind (participation of a single neutron) only and (2) type-I|
CF-matter where occur nuclear transmutations of the 2™ kind (in addition to that of the
1% kind) with participation of a neutron drop “,A (cf. Sec. 4).

(9) Strong interaction between particles in the CF-matter is responsible for the
dissipation of excess energies liberated by nuclear reactions of the 1% and 2™ kinds the
results of which are observed as nuclear transmutations. This could be one of the
reasons why we do not observe radiations after nuclear reactions that are unavoidable in
free space.

(10) Interaction of neutrons in the neutron energy bands with disordered nuclei and with
foreign nuclei [Kozima 2016¢ (Sec. 5.2)]. It needs hardly be said that the neutrons in the
neutron energy bands do not interact with lattice nuclei at their regular array as its
nature but interact with nuclei in such disordered sites as displaced positions in the
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lattice and at boundary regions. This is the cause of localization of nuclear reactions at
surface/boundary regions which have observed frequently in experiments.

Nuclear transmutations observed hitherto in CF materials have been explained at
least qualitatively and quantitatively sometimes by the TNCF model [Kozima 1998,
2006, 2009, 2014a (Sec. 4), 2016c].

A word should be mentioned on the relation of the CF-matter proposed in our model
and the neutron star matter investigated in nuclear physics. The neutron star matter has
been taken up in the investigation of the neutron star (e.g. [Suess 1956]) and treated in a
uniform space without boundary. On the other hand, the CF-matter is formed by
neutrons in neutron energy bands made of neutron eigenfunctions in lattice nuclei in a
superlattice with irregularities and boundaries by which the arrangement of the
superlattice is disturbed. These disturbances on the CF-matter surly cause perturbation
on the behavior of neutrons in the CF-matter, and become causes of interactions
between the neutron drops and foreign nuclides resulting in the nuclear reactions
described in Egs. (3.4) — (3.8). This scenario is told by phantasy on the basis of the
successful explanation of the CFP by the TNCF model, and should be explained
quantitatively by mathematics which seems to acquire tremendous works on the
computer. We have to wait anyone dares to do this work.

4. Analysis of the Data of the Nuclear Transmutations (NTs) by the
TNCF Model

The experimental results on the nuclear transmutation in critical and supra-critical

electrolysis are analyzed and interpreted using the TNCF model in consistency with

other data in the cold fusion phenomenon in 3d and 4d transition-metal hydrides and

deuterides charged by the normal electrolysis and gas contact method.

4.1 Necessity of critical and supra-critical electrolysis for such CF materials as
Graphite and 5d transition-metals

As is well known in the history of CF research in these more than 25 years, such 3d
and 4d transition metals as Ti, Ni and Pd used in the CF experiments at the normal
electrolysis condition are known as hydrogen occluding metals where hydrogen
isotopes are absorbed into the metal, and form alloys with the host element (occluded).
Generally speaking, in these alloys, protons/deuterons have high diffusivity, and their
wavefunctions are not localized at an interstitial site but extend out to cover the lattice
sites where are the nuclei of the host element.
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On the other hand, as shown in Appendix A, the CF materials such as graphite and
5d transition-metals do not occlude hydrogen isotopes at near room temperature, and
have not been much investigated as the materials in relation to the occlusion of
hydrogen isotopes. However, at higher temperatures above several hundred °C, physical
properties of these materials become similar to the 3d and 4d transition-metal
hydrides/deuterides at near room temperature, as shown partly in Appendix A.

Therefore, the theoretical investigation based on the TNCF model explained in
Section 3 predicts that the graphite and 5d transition metals will be CF materials at
higher temperatures where they have ability to occlude enough amount of hydrogen
isotopes.

Here is an interesting prediction we are able to deduce from the necessary
conditions given in Subsection 3.3. The necessary conditions for realization of the CFP
in CF materials tell us that it is necessary to form hydrides with a large ratio (e.g. H/W
in WHy compound with x ~ 1) of proton/deuteron to host metal. The Necessary
Condition (2) demands a lower limit for the density of protium in the CF material to
form a superlattice by a cooperative process. Then, there should be a threshold value of
the input power & (@ product iy, x Vi of the current density iy and voltage Vi) of
electrolysis (e.g. in Au/H,O/Pt system) and the threshold duration ty Of electrolysis for
realization of the CFP.

About the effect of the input power € and the duration of electrolysis T on the
CF-matter formation (Necessary Condition (8)), we will be able to take up the product
of the two quantities, P = (¢ x 1), in a rough estimation. To feed enough amount of
protium/deuterium to CF materials which have positive heats of solution (W, Pt and Au
as shown in Fig. Al), it is necessary to have a larger € « t value larger than a threshold
value Py, = & X, Then, the condition (8) is written down as an inequality € xT> Pi.
The area of € and 7 satisfying this condition is shown schematically in Fig. 4.1 above the
line Py, = g xt (with ¢ = x, T =y, and Py, =1).
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Fig. 4.1 The region & x 1> P is shown schematically in this non-dimensional figure as the area above
the dotted curve e x 1= Py, = 1 (6= x, T =y, and Py, = 1). In this region, it is possible to satisfy the
necessary condition (8) and to realize the CFP according to the TNCF model.

There are no systematic investigations of the behavior of the CF materials about this
relation depicted in Fig. 4.1 yet. However, we are able to speculate some quantitative
relations on the limiting behavior of the input power &t and the threshold duration Ty, of
electrolysis in Au/H,O/Pt systems. The relations of the input cell voltage and the
elapsed time are shown in Fig. 4.2 for an experiment with the electrolysis current
density of 0.2 A/cm?. From these data shown in Fig. 4.2, we may tentatively take &g, ~
0.2 x 5 AV/cm? and i, ~ 3600 s, and therefore Py, ~ 3.6 x 10° AVs/cm?.
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Fig. 4.2 The temporal dependences of the solution temperature (1) — (3) and the input potential (1”) —
(2’) after starting electrolysis on gold electrodes: In Fig. 4.2 (a), (1) and (1°) for H,O + Na,SOy, (2)
and (2’) for HO + K,COj3, and the temperature level (3) when Pey = 0; In Fig. 4.2 (b), (1) and (1”)
for D,0 + K,COg3, while (2) the temperature level when Pg, = 0 (after [Ohmori 1997b (Fig. 2)]).

Qualitatively, this prediction is consistent with experimental facts; (1) In the case of
graphite, P should be very large as given by the arc discharge, (2) in the case of Au, it is
necessary to have large values of t (by long term electrolysis) to make the P large, (3) in
the case of W and Pt, it is necessary to have critical and supra-critical electrolysis to
have a large value of & to make the P large. In the case of Pd/H,O/Pt system, we need a
larger € by a longer electrolysis time or by a larger current density than in the case of
Pd/D,0O/Pt system.

This prediction will be best illustrated by the extensive experiment with Au/H,O/Pt
system performed by Ohmori et al. (cf. Sec. 2.3 and [Ohmori 1997b]).

4.2 Analysis of the experimental data sets on the nuclear transmutation in normal,
critical and supra-critical electrolysis with graphite, W, Re, Au and Pd cathodes.

The nuclear transmutation (NT) is the most remarkable and astonishing facts we
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encountered in the experimental results obtained in the CFP, and we have given a
unified explanation for the whole data sets on them using the TNCF model [Kozima
1998 (Sections 11.11 and 11.12), 2006 (Sec. 2.5), 2011b, 2014a]. Especially, the
abundant production of iron isotopes with similar isotopic abundances to the natural
ones suggested the nature of the CF-matter in this case is similar to the environment
where the elements were composed in nature as pointed out before [Kozima 2011b].

Thus, the explanation of extraordinary data sets obtained in the papers taken up here
depends largely on “the stability law” concluded from experimental data as formulated
by us [Kozima 2011b], and is necessarily qualitative.

4.2.1 Nuclear Transmutations (NT) in the Cold Fusion Phenomenon in General
Explanation of the experimental data sets presented in Sec. 2 is given in this Section
using the TNCF model (Sec. 3.1) taking into consideration the facts of occluded H/D in
metals given in Sec. 3.2. Especially the data sets obtained in Pd and Au cathodes are
discussed in the Section 4.2.2.1 and 4.2.2.2, respectively, for their interesting features
among others.

Fundamental nuclear reactions used for the explanation of experimental data are
following ones (1) NT of the 1% kind (NT I) where participates a single neutron assumed
in our original TNCF model and (2) NT of the 2" kind (NT II) where participates a
neutron drop assumed in our extended model (cf. Section 3.1);

(1) NT of the 1% kind (NT 1),

n+2X 52X - ALY + e + v, (beta decay of A*12X) (3.1)
— ALY + %He, (alpha decay of A*2X) (3.2)

— A 0 Y +2,Y7, (fission of A2 X into Yand Y?)  (3.3)

and

(2) NT of the 2" kind (NT 1),

A A A— A+
A+2 X AT AT X

S AT AT XX, (3.5)

A’Z,A_I_A+1ZX*_)A’Z’A*+A+12X_)A’Z‘A_F A+12X+X| (36)

A’Z,S + AZX N A+A’Z+Z,X* R A+A’Z+Z’X X (3.7)
AN — X, (3.8)

Where ve is the anti-electron neutrino.

Then, we can explain the data of nuclear transmutations observed in the 5d
transition-metal cathodes using these reactions (3.1) — (3.3) and (3.5) — (3.8).
We give only several examples of explanation in this Section. At first, we give a part of
the abundance of elements in universe is tabulated in Table 4.1 [Suess 1956] for
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convenience of later discussion. In this table, logioH means the abundance of elements
in universe, and Fe is at a marked peak of the logioH vs. Z diagram (cf. [Kozima 2006
(Fig. 2.11)] for the whole diagram).

Table 4.1 Peaks of log;oH of elements in the universe [Suess 1956].
Z 13 (14 |20 |24 |25 |26 |28 |29 |30
Element Al |Si |Ca |[Cr [Mn|Fe |Ni |Cu |Zn

(a) The nuclear transmutation in graphite/H,O system at arc discharge

The experimental data sets obtained in graphite-H,O system have been analyzed using
the TNCF model before [Kozima 2012]. Here, we discuss only a data of isotopic
abundance of iron isotopes generated in the graphite-H,O system. The isotopic ratios of
iron generated in the experiments were the same as that of the natural ones. This
correspondence of the products of CF reactions and the primordial production of
elements in nature has been interpreted to show an interesting fact of “the stability law”
deduced from an overall comparison of CF data with the abundance of elements in
universe [Kozima 2011b].

(b) Data from experiments with W/H,0+Na,SO,/Pt system [Ohmori 2000b]

Here, we take up only the production of “,Fe and “/sRe from the data obtained and
tabulated in Table 2.1. The A and Z of nuclides relevant to this system should be noticed
at first; *7,W (A = 180 — 186), “11Na (A = 23), “gPt (A = 190 — 198).

(b1) *°Fe and *’Fe with similar isotopic abundances to the natural ones.

This characteristic of isotopic abundances of the product Fe presented in Sec. 2.1.3
is noticed several times before (e.g. (a) above), and suggested the nature of the
CF-matter resembling to the environment when elements were formed in nature. The
CF-matter comprises neutron drops “7A with extensive values of A and Z. It is
conceivable that the nuclear reaction occurs where occurs a transformation reaction
from a neutron drop to a nucleus (3.8) with a large probability for abundant A and Z
according to the stability effect;

AN — X

(b2) **5;5Re and **';5Re with different isotopic abundances from the natural ones.
Let us check the natural abundances of these product isotopes first; their natural

abundances are 37.07 and 62.93 (with a ratio 0.59) while the detected abundances are

48.4 and 51.6, respectively. The ratio of the abundances of the products is 48.4/51.6 =
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0.94, higher than the natural case by a factor of 1.6.
The simplest reactions producing “sRe from the cathode elements “;,W is the
following;

NA+RW — AN cRe (A + A’ =185, 187) 4.1
Let us take tentatively A = 184 and 186 to meet the experimental results A + A’ = 185
and 187. Then, the neutron drop participating in the reaction (3.8) is oA = n, and the
products reflect the abundances of #7,W (A = 184 and 186) which are 30.64 and 28.41.
The ratio of these abundances is 1.08. This value is compared to the observed value 0.94
closer than the natural value 0.59. This result suggests favorable ability of the TNCF
model, if the products “sRe directly reflect the originals “7,W. This point is discussed
further in Section 4.5.

It should be noticed that there are possibilities generating “;sRe directly by
transformation of the neutron drop in addition to these reactions (4.1);

AsA — "sRe (A =185, 187) 4.2)

(b3) “5,Pb with different isotopic abundances from the natural ones

There are three isotopes of lead “5,Pb (A = 206, 207 and 208) found in the surface
layers of W cathode with abundances 38.5, 55.0 and 6.5 compared to the natural once
25, 22 and 52, respectively. A candidate of the reactions producing these lead isotopes
from the tungsten isotopes are following;

A+ AW — A%40.Pb (A = 182, 183, 184) (4.3)

It is interesting to notice a fact appeared here that a neutron drop with a proton number
Z of a multiple of 2 and a nucleon number A of a multiple of 4. These kinds of neutron
drops are frequently encountered in past in the analyses of experimental data of the
nuclear transmutation (e.g. [Kozima 2014a (Sec. 5.2)]).

(c) Data from experiments with Re/H,O+K,COs/Pt system [Ohmori 2000a]

The experimental data obtained by Ohmori et al. [Ohmori 2000a] show that there are
detected new elements “,sFe and “,3Cu or #30Zn in different electrodes. The A and Z of
nuclides relevant to the origianl system should be noticed at first; “;sRe (A = 185, 187),
ALK (A =39, 40, 41) and “7gPt (A = 190 — 198).

The production of Fe is interpreted similarly to the case of (a) graphite and (b) W
cathodes. The productions of Cu and Zn also may be explained by the stability law
using the data shown in Table 4.1. The elements Fe, Cu and Zn are at peaks of the
logioH vs. Z diagram. The accidental appearance of Fe and Cu or Zn in this experiment
may reflect the unknown nature of the CF-matter formed at the surface region of Re
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cathodes.

4.2.2 Specific Explanation of the Data Sets obtained in Pd and Au Cathodes

The data sets obtained in the Pd and Au cathodes are given in this section due to
their extensive and interesting features showing several characteristics of the CFP in
electrolytic systems.

4.2.2.1 Pd Cathode

The experimental results on the systems with Pd cathodes are introduced in Sec.
2.1.2. There are two types of experiments with the Pd cathode, one in the system
Pd/D,0/Pt and another in Pd/H,O/Pt system.
(a) Pd/D,0+Li,CO4/Pt with current densities of 0.2 — 0.8 A/cm? [Mizuno 1998].
In this experiment, the current density was below the limit of the critical electrolysis,
but reaches to the limit as the authors call the condition “Strong Electrolysis” in the title
of the paper [Mizuno 1998]. This condition of the experiment seems reflected in the
experimental results as explained below.
The abundant production of 3d transition-metals may be the result of the stability effect
reflecting the log;oH peaks shown in Table 4.1. This may show the excited or turbulent
state of the CF-matter in the Pd surface layers in this experimental condition.
On the contrary to the case 4.2.1a graphite/H,O/graphite and 4.2.1b W/H,0O/Pt systems
where was observed generation of iron isotopes “Fe with the same isotopic
abundances to the natural ones, the data of ,,Cr had shown difference from the natural
abundances. This may be an indication of weaker turbulence of the CF-matter in this
Pd/D,0+Li,CO4/Pt system than those in graphite/H,O/graphite and W/H,O/Pt systems
considered in Sections 4.2.1a and 4.2.12b.

(b) Pd/H,0+Na,SO4/Pt with critical electrolysis at current density of 2 Alcm?
[Ohmori 1997b, 2016]

The experimental data in this system include many facts related to the nuclear reactions
occurring in the surface layers in Pd cathodes at the critical electrolysis. It is certain
from discussions given in the above sections that the CF-matter in this case is rather
turbulent than the CF-matter formed in cases of normal electrolysis considered in our
papers and books before [Kozima 1998, 2006, 2014a]. We take up two data sets in this
system leaving other results common to results in other papers analyzed in other
subsections in this Section 4.2.

(b1) Isotopic abundances of Pd in surface layers
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Experimental result shows that the content of heavier palladium isotopes tends to
increase, whereas the content of lighter ones tends to decrease. This qualitative tendency
of upwards shift of isotopic abundances of palladium “4Pd is a natural result of
following reactions of a neutron and palladium nuclide, but is complicated by the
reactions following the formation of intermediate nuclide **4Pd*;

n + %46Pd — ~ePd *. (4.5)

(b2) Isotopic abundances of #43Cd generated in surface layers

The generation of cadmium from Pd is most simply explained by the reaction
between a neutron drop and a palladium nuclide “4Pd:;

NoA+AePd — A gCd* — A ,6Cd + phonons. (4.6)
The intermediate nuclide ~**,4Cd* is in the CF-matter surrounding it, and is succeeded
by reactions expensing excess energy liberated at the second step to the lattice instead of
a photon in the case of free space.

Experimental data of isotopic abundance of cadmium “45Cd is tabulated in Table 4.2
using the data given in [Ohmori 2016].

Table 4.2 Isotopic Abundances (%) of A48Cd. Natural abundance Xoa and the average value xa of two
values obtained at two points on the sample surface in the experiment [Ohmori 2016 (Fig. 12)] are
tabulated according to the atomic number A. The measured abundance xa (%) is read out from the
original data given as a histogram [Ohmori (Fig. 12)].

A of Cd isotope “45Cd 110 | 111 | 112 | 113 | 114 |116

Natural abundance xoa (%) | 12.39 | 12.75 | 24.07 | 12.26 | 28.86 | 7.58

Measured abundance xa (%) | 0 8 34 56 0 0

Table 4.3 Natural abundances xoa (%) and absorption cross sections for a thermal neutron (barns) of
A
45Pd.

A of Pd isotope “4Pd 102 104 |105 |106 |108 |110

Natural abundance xga (%) 098 |11.0 |223 |273 |26.7 |11.8

Absorption cross-section (barn) | 3.36 | 0.52 | 20.2 | 0.30 | 8.50 | 0.22

To investigate further details of the reaction (4.6), we tabulate here the isotopic
abundances xo (%) and absorption cross sections ¢ of palladium “4sPd for a thermal
neutron (barns) in Table 4.3.

The correspondence of the experimental result on Cd (Table 4.2) and the data of Pd in
the cathode Pd (Table 4.3) suggests the simplest possible mechanism that the products
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A6Cd (A = 11, 112, 113) are the results of the absorption of ,A (A’ = 7) in the reaction
(4.6) by palladium isotopes “4Pd (A = 104, 105, 106). Then, we can deduce an
interesting conclusion on the interaction of a neutron drop and a nucleus; the
dependence of the probability of the absorption of ",A by “4sPd on A (A = 104, 105, 106)
is proportional to 8/11.0 = 0.73, 34/22.3 = 1.53, 56/27.3 = 2.05, respectively. Their ratio
is (1: 2.1: 2.8). It is clear that the absorption cross-sections of ">A by “4Pd (A = 104,
105 and 106) are independent of the corresponding absorption cross-sections (0.52, 20.2
and 0.30 b) of single thermal neutron tabulated in Table 4.3 with their ratio of (1: 38.8:
0.6).

The supposed participation of the neutron drop ">A is a rare case we met hitherto.
The most abundant cases of nuclear transmutations are explained by participation of
neutron drops with even values of nucleon numbers A such as ;A and ®A. This may be
another exceptional characteristic of a turbulent CF-matter formed in critical
electrolysis.

4.2.2.2 Au Cathode

The experimental results introduced in Sec. 2.3 shows that the isotopic abundance of the
mercury is different from its natural isotopic abundance [Ohmori 1997b (Fig. 28)].
The content of lighter mercury isotopes, *®gHg, * sHg increase, while, the content of
heavier ones, *gHg, ®gHg, decrease. Especially the maximum component, **%gHg,
in the natural world decreases down to several percent.

The most probable nuclear reactions generating mercury isotope “gHg from the
cathode element, gold with only one isotope **;6Au, from our point of view is the
following;

n+ 19779Au R 19879Au* R 19880Hg +e + v @.7)
with a fairly large neutron absorption cross-section ~ 98.9 barn (if it is applicable to this
case). The product nuclide **g,Hg in the CF material is in the CF-matter surrounding it,
and is succeeded by reactions expensing excess energy liberated at the second step to
the to the lattice instead of a photon in the case of free space.

AtlgHg* —~*1gHg + phonons. (4.8)

Here, we cite several data of nuclear physics supposed to be relevant to further
consideration.

Natural abundances of mercury is tabulated in Table 4.4 together with those
obtained in the Au electrode after the experiment [Ohmori 1997b (Fig. 28)]. This table
shows clearly that the detected mercury nuclei have their origin in the CFP but not in

n+ Agng —
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contamination or other artifacts.

Table 4.4 Isotopic Abundances of “gHg, Natural abundance and data obtained in the experiment
[Ohmori 1997b (Fig. 28)]

Nucleon number A 196 | 198 | 199 |200 |201 |202 |204
Natural abundance X; (%) 0.15(9.97 | 16.87 | 23.10 | 13.18 | 29.86 | 6.87
Experimental abundance Xx; (%) 21 |15 57 6 5 5

The data of isotopic abundance of product mercury may be tentatively explained using
the single neutron reactions (4.7) and (4.8) given above as follows. (It should be
remembered that there are other possible reactions induced by neutron drops “,A with A
>1and Z = 0). We may use the cross-sections Gpng ® of neutron absorption by a
nucleus “gHg given in Table 4.5 and that of **";6Au ~ 98.9 barn in these reactions. The
first step is naturally the production of **g,Hg by the reaction (4.7). The density X, (t) of
gold nucleus *";6Au decreases according to the following equation as depicted in Fig.
4.3.
Xo(t) = Xo(0) exp (— Cot) (4.9)

where ¢y is a constant proportional to the cross-section opa, 0Of neutron absorption by
19723Au. This equation is plotted in Fig. 4.3 for illustration;

197

Fig. 4.3 Decrease of the number of gold nucleus ~'75Au due to the reaction (4.7).

1990Hg is produced from **®3Hg by the Eq. (4.7) from
7AU With a rather small cross section Gprg (%) — 0.02 barn tabulated in Table 4.5. The
next process from *gHg to *®gHg occurs very fast compared to the former process by
the large value of ong ™ ~ 2000 barn. While the next step from *°gHg to ?“gHg is

Then, the next heavier isotope
197
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slower by the smaller cross section of Gng %) < 60 parn.

Table 4.5 Absorption cross-sections Gan(A) (in barns) of a neutron by mercury isotopes “gHg.

Nucleon number A | 196 198 199 200 | 201 |202 |204

Neutron absorption | (3100) | (0.02) | (2000) | (<60) | (<60) | (4.9) | (0.43)

Cross-section Gan(A)

This story gives a qualitative explanation of the accumulation of *gHg and *gHg
suggesting also applicability of the TNCF model with the mechanism of single-neutron
absorption. To show the process a little more quantitatively, we can calculate the process
as follows. This process is simulated by model simultaneous equations for variables X;
written down as follows with tentative values of c¢i; ¢o ~ ¢, > ¢1, C3;

dxo (t)/dt = — co Xo(t), (4.10)

dxi (t)/dt = ¢i_y Xi _1(t) —ci xi (t) (i=1-23), (4.11)
with initial conditions;

X0 (0) = %@, x(0) = 0 (i =1 —3). (4.12)

The solutions for x; (i = 0 — 3) with constants x, @ = 10,000, ¢, = 100, ¢; = 0.01, ¢, =
2000, and c3 = 60 are plotted in Fig. 4.4 in semi-logarithmic scale.
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Fig. 4.4 Evolution of density X, 0f *"7¢Au and x; (i = 1 — 3) of mercury isotopes “sHg (A = 198 —
200, respectively) transmuted by neutron absorption according to the equations (4.7) and (4.8).

The results of the tentative calculation using only a single neutron participation
given in Fig. 4.4 (X1 > X3 > Xp)m with parameters taken rather arbitrary duplicate
qualitatively the experimental results shown in Table 4.4 (X3 > X; > X2)ex, €ven if the
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order of x; and x3 is reversed and suggest applicability of the TNCF model in this case
again.

4.3 Some Characteristics of the Cathodes with Positive Results

In this section, we want to discuss some minor problems which were not taken up in
the above sections. The first is the know-how that is used by experimentalists who
performed positive experiments for long years. The second is topographical change of
CF materials, another evidence of localization of reactions generating the nuclear
transmutation. The third is experimental evidence of development of the CF-matter
revealed by the extensive experiments performed by Ohmori et al.
We can boldly speculate on the origin of the two types of CF-matter, type-1 and type-II,
in relation to the simulation on the neutron star matter [Negele 1973]. Increase of the
density n, of the neutron star matter results in increase of the number of neutron drops
and density of the background neutron-proton medium as shown in Fig. 3.5 of [Kozima
2006a]. It means that the CF-matter is mainly composed of the background
neutron-proton medium in the range where ny is low (type-l CF-matter) while the
number of neutron drops in the CF-matter increases higher where n, becomes higher
(type-11 CF-matter). In the former case, interaction between the CF-matter and a nucleus
X may be governed only by n — X interaction, while in the latter case it may be
governed mainly by #;A — X interaction.
Similar situation is replicated in the experiments with 5d transition-metal cathodes
(especially with Au cathode) where the increase of electrolyzing current density i
corresponds to increase of the density n, of the neutron star matter. Experimental data
shows that increase of the density i is accompanied by shift of the nuclear transmutation
from NT of the 1% kind (NT 1) to that of the 2" kind (NT I1).

4.3.1 Mechanical treatment — A knowhow to realize the CFP

It is necessary to give a mention on the so-called know-how of CF experiment.
There are too many discussions on the reproducibility of CF experiments, and
opponents used the lack of quantitative reproducibility to denounce the reality of the
CFP.

We have known that there is the know-how in each experimenter to perform their
experiments successfully. From scarce experience of the author, here is introduced
know-how used by experimentalists who performed successful experiments for a long
year.
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“The electrode surface was scraped with a cleaned glass fragment in order to make
crystallographically distorted surface.” [Ohmori 1998b (p. 36 Experimental)]

“One is untreated Pd sheet and the other is cold worked Pd sheet prepared by way of
scraping its surface with a cleaned Pyrex-glass fragment.” [Ohmori 2004 (p. 36
Introduction)]

“The palladium foil was scratched on the surface, and the area of the scratch was
photographed (Fig. 1a).” [Silver 1993 (p. 423 Experimental Methods and Results)]
“Experiments have been performed using titanium cathodes with various amounts of
deformation by cold rolling, which increased the amount of lattice disorder and stress in
the cathodes.” [Warner 2000 (p. 161, Experimental Methods and Results)]

4.3.2 Topographical change of cathode surface

It is well known that there appears complex surface structures with hills, holes and
craters showing melting of the cathode material. A typical figure obtained in an Au
cathode is shown in Fig. 2.1 [Ohmori 1997b].

4.3.3 Development of the superlattice structure in the CF materials

In Sec. 4.1, we discussed the fulfillment of the necessary condition 2 in the process
of electrolysis. The elaborate experiments in the Au/H,O/Pt system by Ohmori et al., we
can observe another feature of the superlattice formation in the CF material.

In Fig. 4.5, we show the excess heat (W) per unit surface area for Au cathodes; (a)
with three kinds of electrolytes Na,SO,4, K2SO4 and K,COg3, and (b) Excess energy (W)
per 5 cm? surface area of Au cathode vs. current density (A/cm?).
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Excess energies on various gold electrodes: (a) Plots of the excess energies against the electrode
area, (O) Na,SO; (A) KiS0s ([1) K:CO;; (b) Plots of the excess energies-expressed in unit
per 5 cm” of the electrode against current density. - Current density is referred to the true unit area
of the electrode.
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Fig. 4.5 (a) Excess energy (W) vs. area of Au cathode and (b) excess energy (W) vs. current density
(Alcm?) [Ohmori 2000a (Fig. 5)].

In these figures, we see the increase of the superlattice in proportion to the supply of
protium (proportional to the current density). We can make an image of superlattice
formation in the surface layer of the Au cathode: (1) When protium is supplied to the
cathode by electrolysis, protons enter into surface layer of gold at random while its
density is low, (2) Increasing the density of proton, there appear islands of superlattice
AuH with its total volume proportional to the absorbed protium, (3) Increasing the
density of proton further, the volume (or area over the surface) of the superlattice
increases by development of individual island or by coalition of islands, (4) Finally, the
whole surface of the Au cathode is saturated by the superlattice. The curve in Fig. 4.5
(b) will be saturated in the right with increasing the current density, if the condition of
the electrolysis remains the same.

In this point, it should be noticed further the local nature of the superlattice
formation as time goes by. Inhomogeneous distribution of islands of the superlattice
over the surface, as imagined above, results in the local nature of nuclear reactions in
the CFP. As we have discussed often, it is well known in CF research that nuclear
reactions in the CFP occur in some localized areas in a surface layer with a width about
a few hundred A [Kozima 2011]. This characteristic is also observed in Au/H,O/Pt
system as distribution profiles of Fe atoms [Ohmori 1996a] and also as local
topographical changes as shown in Fig. 4.3 [Ohmori 1996c¢].

Here should be noticed another characteristic of the CFP in electrolytic system. The
characteristic shown in Fig. 4.4 (a) reveals dependence of the CFP on the electrolyte
used in experiments. As have been discussed before [Kozima 2000], there is an
interesting favorable combination of cathode metal and electrolyte such as Pd-Li and
Ni-K. This favorable combination of cathode-electrolyte seems purely chemical
compatibility, but not well explored yet. A scrutinized investigation of the relation
shown in Fig. 4.4 (a) may give a clue for the explanation of this problem.

It should be noticed further that the electrolyte plays an essential role in the CFP.
One of the most important examples is the production of helium in Pd/D,0O + LiOH/Pt
systems. The data of helium production observed in the Pd cathode [Morrey 1990] has
been analyzed and explained semi-quantitatively in consistent with its excess heat data
using the reaction;

n+°Li = “He (2.1 MeV) + t (2.7 MeV),
between a trapped neutron and a lithium nucleus °Li absorbed into the Pd cathode from
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electrolyte [Kozima 1997].

4.4 Relation of the CFP with Nucleon Levels in Host Nuclei

As had been discussed in other papers (e.g. [Kozima 2016c]), it is favorable to have
neutron orbits of host nuclei at energies near zero for CF materials to realize the
super-nuclear interaction mediated by occluded protons/deuterons. The good examples
have been seen in Fig. 4.6. We see in Fig. 4.6 that host elements of CF materials
effective for the CFP such as Ti, Ni, Pd and C have neutron orbits outermost shell at
around the evaporation level, i.e. at around E, ~ 0 in this figure. This characteristic of
these nuclei may have close relation with the appearance of the CFP in such CF
materials as TiDy, NiHy, PdDy (x = 1) and the hydrogen graphite HCy (X = 6 — 8)
[Kozima 1998, 2006, 20144].

Similar consideration is applicable to the 5d transition-metal investigated in this
paper. The nuclei of host elements investigated in this paper, tungsten “7,W (A = 180 —
186), rhenium “sRe (A = 185, 187), platinum “7sW (A = 190 — 198), and gold “;6W (A
= 197) have neutron orbits with energies at around the evaporation level clearly seen in
Fig. 4.6. This coincidence may be not accidental but imply deep meaning for the
realization of the CFP as discussed hitherto.
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Fig. 4.6 Energies of neutron orbits calculated by C.J. Veje [Bohr 1969]
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4.5 On the single neutron absorption in the nuclear transmutation

In Sec. 4.2.1 (b3), we have given an explanation of the production of Re isotopes
from W cathode using the single neutron absorption followed by beta decay. Similar
explanations for the products of nuclear transmutations in the CFP have given rather
quantitatively. Two of such examples are given in Appendix C7 of our book [Kozima
2006]. There, the data by Dash et al. [Klopfenstein 1998, Dash 1996] are analyzed by
the TNCF model and the experimental results on the isotopic abundances of Ti and Pd
are quantitatively explained by the reactions similar to that given in Eq. (3.1).

In these cases, we used the cross-section onx Of neutron absorption by a nucleus X
determined in nuclear physics. In the above explanation of Re production from W in Sec.
4.2.1 (b3), the data have shown the abundance of the original W reflects directly in the
abundance of the product Re without knowledge of the absorption cross-section cnw.
We do not know exactly why there is such difference in two cases; (a) Ti and Pd in
normal electrolysis and (b) W in supra-critical electrolysis.

One factor we can imagine is the state of the CF-matter in these two cases. In the
case (a), there are only nuclear transmutations with sifts of isotope abundance. While, in
the case (b), there are more nuclear transmutations, and we need to use the neutron
drops to explain them. In the latter case, it seems the CF-matter is rather turbulent and
the reaction where a nucleus reacts with a neutron becomes a part of many-particle
reactions including the absorption of a neutron drop (4.3) and transformation of a
neuron drop into a nuclide (4.2).

The nuclear transmutation observed in palladium-protium and such hydrogen
non-occlusive metals at room temperature as graphite and 5d elements (tungsten,
rhenium, gold and platinum) with critical and supra-critical electrolysis are explained by
the TNCF model consistently with those observed in 3d and 4d transition-metal
hydrides and deuterides with normal electrolysis and also with those observed in XLPE
and in biological microbial cultures [Kozima 2016d].

Necessity of critical and supra-critical electrolysis for the CFP in Pd-H system and
hydrogen non-occlusive metals seems to heat the samples (CF materials) to higher
temperature enough for high proton/deuteron diffusibility and therefore for large
extension of wavefunctions of proton/deuteron in the materials JKozima 2009]. This
fact is consistent with the observation of the CFP in PdD rather than PdH systems in
relation to the higher diffusivity of D over H at near room temperatures (cf. Appendix A,
Fig. A3).

The effect of the nuclear force between a neutron in a lattice nucleus and an
interstitial proton/deuteron resulting in the neutron energy band in the case of the CFP is
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discussed in Appendix B in relation to the hydrogen diffusion in transition metal
hydride.

5. Conclusion

The nuclear transmutation observed in CF materials such as palladium-protium and
hydrogen non-occlusive metals at room temperature as graphite and 5d elements (W, Re,
Au and Pt) with critical and supra-critical electrolysis in electrolytic liquids of light
water are explained by the TNCF model consistently with those observed in 3d and 4d
transition-metal hydrides and deuterides with normal electrolysis and also with those
observed in XLPE and in biological microbial cultures [Kozima 2016d].

Necessity of critical and supra-critical electrolysis for the CFP in Pd-H system and
hydrogen non-occlusive metals at around room temperature seems to heat the samples
(CF materials) to high temperature enough for high proton/deuteron diffusibility and
therefore for large extension of wavefunctions of proton/deuteron in the
materials JKozima 2009].

The success in analysis of the experimental data obtained in graphite and
5d-transition metals, containing a lot of hydrogen, given in this paper has shown the
reality of the nuclear transmutations catalyzed by neutrons in CF materials. It is also
suggesting the reality of the neutron energy bands in these CF materials realized by the
super-nuclear interaction mediated by interstitial protons/deuterons proposed by one of
the present author (H.K.).

The super-nuclear interaction between lattice nuclei mediated by interstitial
protons/deuterons shows in return a possible interaction between interstitial
protons/deuterons mediated by lattice nuclei. This interaction may be called the super
p-p (super d-d) interaction for convenience of discussion. Details of this interaction and
its effects on the solid state physics will be given in Appendix B.

Thus, the extension of occluded proton/deuteron wavefunctions at an interstitial site
rj until lattice points (R;’s) surrounding rj and therefore the nuclear force between the
proton/deuteron and a neutron in one of lattice nuclei at Ri’s seem to have effect on
nuclear physics of the transition metal hydrides/deuterides to induce the CFP on one
hand and on solid state physics to induce peculiarity of characteristic diffusivity of
hydrogen/deuterium in them on the other.

The effect of the CF-matter on the nuclear physics is characterized by occurrence of
nuclear reactions in the transition metal hydrides/deuterides at near room temperature
environment which is called by us the cold fusion phenomenon (CFP) to distinguish the
phenomenon from other phenomena caused by the nuclear force between particles in the
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system discussed in solid state-nuclear physics. The nuclear reactions in the CFP are
realized by the interaction between disordered nuclei and trapped neutrons (neutrons in
neutron bands) and therefore occur only when there is a near ideal superlattice of lattice
nuclei and occluded hydrogen/deuterium (with a large density of occluded hydrogen, i.e.
H/Me ~ 1).

On the other hand, the effect of the super p-p/d-d interaction on the solid state physics
seems to occur even when the density of occluded hydrogen/deuterium is not large as in
the case of the diffusion of hydrogen in Pd/Ag alloys as shown in Appendix B. This is
because of the large density of lattice nuclei that influence the behavior of hydrogen
isotopes. We can expect other examples of the effect of the super p-p/d-d interaction on
the hydrogen/deuterium behavior in the solid state physics at higher concentrations.
This point is a theme of future investigation.

Appendix A. Hydrogen isotopes in Metals
[Birnbaum 1972, Sussmann 1972, Springer 1978, Wicke 1978, Voelkl 1978, Puska 1984,
Fukai 2005, Kozima 2006 (Sec. 3.6), Griessen 2008]

[Griessen 2008]
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Fig. Al Heat of solution of hydrogen in the rows of the periodic system which contains the 3d, 4d
and 5d elements. For references see Griessen and Riesterer’®. [Griessen 2008 (Fig. 111.15)]
15. Griessen, R., and T. Riesterer, “Heat of formation models” in Topics in Applied Physics 63
(1988) 219, Springer-Verlag

The data shown in Fig. Al tells us the high values of heat of solution for the 5d
elements (W, Re, Pt and Au) used in the CF experiments introduced in Sec. 2. This
thermodynamic data is the cause of high temperature to realize the CFP in them by the
critical and supra-critical electrolysis.
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Table Al Heat of solution of hydrogen in the elements of the periodic system [Griessen 2008 (Table

1.2)]
Element Enthalpy of | Enthalpy of Element Enthalpy of | Enthalpy of
solution solution solution solution
(kJ/molH) [ (eV/atom) (kJ/molH) (eV/atom)

He -- -- Ag 63 0.652
Li -51 -0.528 Cd -94 -0.974
Be -2 -0.02 In - -
B -4 -0.041 Sn 125 1.295
C -- - Sb - -
N - - Te -84 -0.87
O -- - 1 -- -
F -- - Xe - -
Ne -- -- Cs -56 -0.58
Na 2 0.02 Ba -88 -0.912
Mg 21 0.217 La -67 -0.694
Al 60 0.621 Ce -74 -0.766
Si 180 1.865 Pr -68 -0.704
P -- - Nd -50 -0.518
S -- -- Pm -- -
Cl -- -- Sm -70 -0.725
Ar -- - Eu -- -
K 0 0 Gd -69 -0.715
Ca -94 -0.974 Th -78 -0.808
Sc -90 -0.932 Dy -79 -0.818
Ti -52 -0.538 Ho - ==
\' -30 -0.31 Er - -
Cr 28 0.29 Tm -- -
Mn 1 0.01 Yb - -
Fe 25 0.259 Lu -79 -0.818
Co 21 0.217 Hf -38 -0.393
Ni 12 0.124 Ta -36 -0.373
Cu 46 0.476 W 96 0.994
Zn 15 0.155 Re -- -
Ga -- - Os -- -
Ge 221 2.29 Ir 74 0.766
As -- - Pt 35 0.362
Se 35 0.362 Au 32 0.331
Br -- -- Hg -- -
Kr - - Tl - -
Rb -54 -0.559 Pb 62 0.642
Sr -61 -0.632 Bi - -
Y -79 -0.818 Po - -
Zr -58 -0.601 At - -
Nb -35 -0.362 Rn - -
Mo 25 0.259 Fr - --
Te -12 -0.124 Ra - -
Ru 54 0.559 Ac - -
Rh 27 0.279 Th -40 -0.414
Pd -10 -0.103 Pa - -

U 7 0.072
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Fig. A2 Correlation between the measured heat of formation of binary hydrides and the energy
difference Er — E determined from existing band structure calculations for the host metal [Griessen
2008 (Fig. 111.35)]. (Er; Fermi energy and Es; an effective s-band energy defined as the energy where
the integrated density of states curve of the host metal equals 1 in the Griessen-Driessen model®.)
39. Griessen, R., and A. Driessen, Phys. Rev. B30 (1984) 4372
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Fig. A3 Diffusion of isotopes in palladium [Birnbaum 1972 (Fig. 5)]

H and D diffusion in Pd [Kozima 1998, 2006, 2013a, 2014a, 2016] D has higher
diffusibility at room temperature than H while at higher temperatures above 200 °C the
situation reverses. This is the reason for the critical electrolysis for Pd-H system to
realize the CFP compared to the normal electrolysis for Pd-D system usually performed
in CF experiments [Fleischmann 1989, McKubre 1991] It should be remembered that
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there have been successful experiments observing the CFP in Pd-H,0O system at normal
electrolysis with a little higher current densities (e.g. [Dash 1994]).

It is interesting to know that Martin Fleischmann noticed this fact shown in Fig. A3
already in 1990 from his point of view as follows;

“Such calculations must also provide answers to other conundrums such as why the
diffusion coefficient of D in Pd/D exceeds those of both H in Pd/H and T in Pd/T.”
[Fleischmann 1990 (p. 347)]

Experiments on the graphite electrodes at arc discharge (e.g. [Hanawa 2000]) was
analyzed in our paper [Kozima 2016b].

It is interesting to notice that hydrogen isotopes have low diffusivity, which is the
reason the supra-critical electrolysis is necessary as done by Ohmori et al. The data of H
and D in Re, Pt, W and Au are given by [Birnbaum 1972, Fukai 2005 (Tables 5.4, 5.10,
Figure 5.49)]. H or D have lower diffusivity in Re, Pt and W than in Pd.
It means higher temperature is necessary to have the extended wavefunctions of
excited states of H and D in these metals. (No data in Au)

H/D in W, Re and Pt

The vibrational excitation energy of interstitial hydrogen in rhenium (Re) is shown in
Table A2 ([Fukai 2005 (Table 5.4)]). The excitation energy of hydrogen in Re ( ~ 100,
130 meV at 5 K in ReHyg9) is compared with that in Pd ~ 56.0 meV at 15 K in PdHg g9
and ~ 69.0 meV at 77 K in PdHg 002 (Table not shown here). The rather high value of the
excitation energy in Re tells us the lower diffusivity of hydrogen isotopes in Re than
that in Pd which is a typical metal for the high diffusivity of hydrogen.

The binding energy of hydrogen atoms with monovacancies in tungsten (W) is shown in
Table A2 ([Fukai 2005 (Table 5.10)]). The large value of the binding energy of proton
and vacancy in W (1.43 eV) tells us indirectly that the proton in W is in a rather stable
state than that in Pd where the binding energy is lower (0.23, 0.15 eV).

Table A2 Vibrational excitation energies of interstitial hydrogen in metals. The values have been
obtained from the observed peaks of inelastic neutron scattering experiments using polycrystalline
(powder) specimens. The presence of dispersion in fcc and some hcp metals detracts to some extent
from the physical significance of these values. [Fukai 2005 (Table 5.4)]
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Table 5.4. (continued)

Structure Site Sample  Excitation Energy [meV] Temperature [K] Reference

bet O VHgs 50.2% 223° 80 [5.59]
56 230 80 [5.72]

54 220 295 [5.72]

VDo 5 39 164 80 [5.72]

47 295 [5.72]

VTo.s 36 295 [5.72]

bee T TiHoaa 120(2)>  171(2)* 998 [5.73]
VHoo1z 106 ~170 300 [5.58]

VHos: 113 180 498 [5.74]

VDo.5 82(3)  123(7) 425 [5.75]

NbHoos 107 163 300 [5.58]

NbHy,  116.0(7) 167.0(15) 10 [5.76]

NbDoss  86(1)  120.0(15) 10 [5.76]

NbTo.7 72(1)  101(1) 10 [5.76]

TaH0,037 114 154 300 [558]

TaHoos 114.0(6) 163.5(8) 300 [5.77]

TaHos  121.3(2) 163.4(4) 10 [5.76]

TaDo.os  84.4(6) 116.0(6) 300 [5.77]

TaDo.s 88.4(4) 118.7(6) 10 [5.76]

hcp O CrHio 121 15 [6.53]
MnHoss 111 100 [6.51]

FeHf, 105 90 [5.78]

CoHoos 118 5 [5.65]

CoHps 110 15 [5.65]

M¢H,, 113 15 [5.53]

. ReHoo9 100, 130 5 [5.63]
hep T ScH3ss 103.5(2)° 147.5(1)* 8 [5.60]
ScD§ 34 79.0(1)  107.3(1) 4 [5.60]

YH§ s 100.1(2) 134.2(5) 80 [2.133]

YD§ 15 75.8(1)  96.3(1) 80 [2.133]

LuH§ ;o 102.8(3) 143.5(1) 4 [5.62]

LuD§ ;s  76.2(1) 101.7(1) 4 [5.62]

TiHo.o05 141(1) 588 [6.73]

TiHoor  105.5(20) 162.0(25) 599 [5.79]

TiDo.os 108.4(12) 601 [5.79]

ZrHo.o05 143.1(6) 873 [5.79]

ZrDo o5 105.0(10) 765 [5.79]

# doubly degenerate mode
" non-degenerate mode
¢ dhcp structure
.
single-crystal data.
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Table A3 Binding energies of hydrogen atoms with monovacancies and bubbles/voids, obtained by
various methods; including ion implantation/channeling (I/C), positron annihilation spectroscopy
(PAAS), superabundant vacancy formation/thermal desorption spectroscopy (SAV/TDS). All
energies are in eV. [Fukai 2005 (Table 5.10)]

Metal Vacancy Bubble/Void Method Reference

Al ~0.52 <0.52 1/C [5.176]
0.53 PAS [5.148]

\% 0.11 1/C [5.177]
0.23 I/C [5.19]

Cr 0.89, 0.73 SAV/TDS [4.44]

Fe 0.63,043  0.78 1/C [5.175)

Ni 0.44,0.28  0.55 1/C [5.163]
0.58 PAS [5.149]
0.44 PAS [5.150]
0.43, 0.27 SAV/TDS [5.178]
0.45, 0.28 SAV/TDS [5.179]

Cu 0.42, 0.22 1/C [5.167]
0.37, 0.23 SAV/TDS [5.179]

Zr 0.28 1/C [5.180]

Nb 0.55 PAS [5.144, 5.145]

Mo 1.03, 0.80 1.15 1/C [5.176]
1.4 PAS [5.149]

Pd 0.23,0.15  0.31 1/C [5.153,5.181]

Ta 0.58 PAS [5.145]
0.42 0.53 1/C [5.182]

W 1.43 1/C " [5.183]

Diffusion data of hydrogen in tungsten at higher temperature from 1100 to 2600 K is
given in Table A4 ([Birnbaum 1972]). There is no data of tungsten diffusion at lower
temperatures.

The data in Table A2 and A3 tell us that hydrogen is not occluded in tungsten at lower
temperatures.
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Table A4. Hydrogen diffusion data at elevated temperatures — bcc metals. [Birnbaum 1972 (Table
5]1.

D, Q Temperature Range

Metal (cm?/sec) (keal/mol) €K) Method Ref.

Nb 22:107 9.37 575975 Absorption [26]
18-10"2 100 475975 Absorption [27]
56-1072 19.2 18752575 Desorption [43]

a~-Fe 76-107* 23 675-1175 Permeability [28]
221073 29 6751175 Permeability [29]
53-107° 3.05 4251175 Desorption [30]
93.107* 217 475-1050 Desorption {31]
14.1073 32 475-1050 Desorption [32]
64-107* 1.92 575 -1050 Desorption [9]
64.107¢ 133 283-350 Permeability [33]
22-1073 31 283-373 Desorption [34]

Ta 6.1-107¢ 35 273-435 Resistivity [35]
75-1072 144 675—-800 Permeability [41]
1.6-107° 322 775-975 Absorption [42]
65.107¢ 35 300-360 Lattice Expansion [79]

Mo 761073 8.4 525-625 Permeability [37]
59-10°2 147 875-1275 Desorption [38]
16-1071 222 1875 -2575 Desorption [39]

w 41-1073 9.0 1100 —-2400 Permeability [36]
8.1.1072 19.8 1900 — 2600 Desorption [42]
73-107* 41.5 1975-2200 Thermal Dissociation [40]

Change in the lattice location of D atoms implanted in Pt at low temperatures upon
subsequent annealing is shown in Fig. A4. [Fukai 2005 (Fig. 5.49)] This data tells us
that deuteron in Pt with Tp ~ 100 K is more stable than that in Pd with Tp ~ 85 K. This
might be the reason that hydrogen isotopes are diffusive in Pd but not in Pt at around
room temperatures.
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[Fukai 2005 (Fig. 5.49)]
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Appendix B. Nuclear Interaction between Hydrogen/Deuterium and
Lattice Nuclei and Super p-p Attractive Interaction in CF Materials

In the analyses of the cold fusion phenomenon (CFP) observed in the transition metal
hydrides/deuterides, we have shown that the nuclear force between a proton/deuteron
and a neutron in a lattice nucleus resulted in the super-nuclear interaction between
neutrons in lattice nuclei, which has given a unified explanation of whole experimental
data obtained in protium and deuterium systems altogether. The nuclear force between a
proton/deuteron and a neutron in a lattice nucleus has another phase on the behavior of
hydrogen/deuterium in these materials.

A proton/deuteron in an interstitial site with extended wavefunction until neighboring
lattice points interacts with neutrons in the lattice nuclei at these lattice points. If the
proton/deuteron is at an octahedral interstitial site, there are eight neighbors and the
interaction may be fairly large; comparable to or stronger than the short-range force
with electrostatic nature in some situations.

Increasing the concentration of occluded hydrogen/deuterium, there appears a situation
where two protons/deuterons are in adjacent interstitials and they interact with common
lattice nuclei surrounding them. Then, there appears the super p-p/d-d interaction
between these two protons/deuterons.

We can illustrate the super p-p (super d-d) interaction in CF materials schematically
using PdH crystal in two dimensions in Fig. B1. Let us take up a proton j at an
interstitial site j and another proton k at site k for illustration. We assume that the
wavefunctions of these protons at interstitials overlap with lattice nuclei at i and i’. The
proton j interacts with the neutrons at i and i’ with the nuclear force and the proton k
also interacts with these neutrons. Then, the proton j and proton k interact with each
other through their interactions with neutrons in lattice nuclei at i and i’. This interaction
of two protons j and k mediated by neutrons in lattice nuclei is called the “super p-p

interaction.” This situation is illustrated in Fig. B1.
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Fig. B1 Schematic illustration of the super p-p interaction between a proton at j and a proton at k

mediated by neutrons in lattice nuclei i and i’ in two dimensions.

About the strength of the supposed super p-p/d-d interaction compared to that of the
electrostatic interactions among surrounding protons/deuterons and lattice nuclei, we
have to calculate it from the first principle or estimate it using experimental data related
to this interaction. From the experimental data cited below, we can give a rough
comparison between the super p-p interaction with the short-range interaction (between
nearest neighbors) of two hydrogens in palladium alloys. There are many unsolved
problems in solid state physics of transition metal hydrides with known interactions as
shown below. The existence of this super p-p/d-d interaction may give a light to solve
these problems, if the effect of the former interaction on the behavior of
protons/deuterons in solid state physics seems fairly large with the same order of
magnitude to that of the latter.
One of excellent reviews on the physics of hydrogen in palladium and palladium alloys
has been given by Wicke and Brodowsky [Wicke 1978]. In this review, the fundamental
problem of the physics of Pd-H (D) systems is explained as follows:
“Nevertheless, there are quite a number of details in the mechanism of hydrogen
diffusion as well as in the behavior of detailed electronic states in this system not yet
fully understood. - - -

“A basic problem still in discussion is which type of model will be most adequate for
handling the attractive hydrogen-hydrogen interactions induced by the elastic strains of
the host lattice. In one type of model, particular emphasis is laid upon the long-range
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part of these interactions, and it is suggested that short-range attractions do not occur,
i.e., that the short-range interactions are purely repulsive.”

“Macroscopic elasticity theory is involved in this model, and mean-field
approximations are used; the statistics are rather cumbersome, if the simple
Bragg-Williams approximation is not applied. The other type of model is based upon
short-range attractive interaction, acting predominantly between nearest neighbors, such
that the concept of pair interaction and the statistical method of the quasichemical
approximation can be applied. - - - The real condition will be somewhere intermediate,
as often in nature, between the two simplifying concepts of short-range and of

long-range interactions, but the full treatment of the general case is still lacking.”
[Wicke 1978 (pp. 73 — 74)] (Underlined at citation).

This explanation on the nature of the hydrogen-hydrogen interaction suggests us that
the super p-p interaction explained above with an intermediate-range character may give
a possibility to explain the physics of hydrogen diffusion in palladium and palladium
alloys.

To investigate possible effects of the super p-p/d-d interaction on the physics of
transition metal hydrides/deuterides, we take up two examples below.

(1) First example is the hydrogen diffusion in Pd/Ag alloys. Figures B2 and B3 show
diffusion coefficients of H in Pd/Ag alloys as functions of hydrogen potential 1
(proportional to the logarithm of H, pressure, which is a function of n (=H/Me), in
the case of a film penetration experiment) and atomic ratio n, respectively.

| :ﬂ-m%
it? Pdb !
o ° ./"""\\. 5
0—0—0— Pd/Ag 80/20 () Pd i .4—.—"—‘.—0.._
.—.—.-0—'—"-0-0_.\ 5
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0 20 B0 %0 121[% 90 60 Wmv

Fig. B2. Plots of diffusion coefficients of H in Pd/Ag alloys vs. hydrogen potential 1 (proportional to
the logarithm of H; pressure) at 30 °C. [Wicke 1978 (Fig. 3.33)]
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Fig. B3. Dependence of Fick’s (D) and Einstein’s (D*) diffusion coefficients and of the
thermodynamic factor f on atomic ratio H/Me (= n). [Wicke 1978 (Fig. 3.34)]

The data is not fully understood yet as it is explained in their text as follows:

“The decrease of D* with increasing n can be attributed partly to the vacancy factor (1 —
n); the residual influence of concentration on D* has not been explained so far.” [Wicke
1978 (p. 148)]

If we can imagine that there is the attractive super p-p interaction between protons in
Pd/Ag alloys, diffusion is disturbed by this interaction in proportion to the density n of
the protons in the lattice in accordance with the experimental data.

(2) The second example is the influence of alloy components on the mobility of
hydrogen in alloys Pd; _xMey (Me = Ag, Au, Ni, and Pt). The problem is explained by
Wicke as follows:

“The influence of alloy components on the mobility of hydrogen in Pd is remarkably
small at low additions. Ag, Au, Ni, and Pt up to about 25 at.% leave the diffusion
coefficient and the activation energy nearly unchanged. At higher additions the
activation energies increase and the diffusion constants decline in a nearly logarithmic
fashion to quite low values for alloys with 50 or 60 at.% of solute.” [Wicke 1978 (p.
150)] (Underlined at citation).

This interesting behavior of mobility of hydrogen at low concentrations of several
minor components (Ag, Au, Ni, and Pt) up to about 25 % may reveal existence of a
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force other than the short-range force between nearest neighbors H and Pd or H and Me.
Because the super p-p interaction with an intermediate-range character is not sensitive
to the atomic natures of lattice nuclei and also to the small number of minor components,
we can expect the same behavior of protons in Pd; _xMey alloys (Me = Ag, Au, Ni, and
Pt) for small values of x less than 0.25.
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