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Abstract

It have been observed in these several years ocenrrence of nuclear transmutation (NT)
of elements with the atomic number Z larger than 4 iu the surface region of cathodes in
electrolytic systems. The NT is divided into two (ypes: NT, explained by a decay of elements
and NTx by a fission of them. These experimental facts are explained by a model with an
adjustable parameter n,, (TNCF model) consistently with other data in CFP.

1. Introduction

The cold fusion phenomenon (CFP) was declared its discovery in 1989 by Fleischmann
aud Pons (and Hawkins)[1] with an expectation of fusion of two deuterons in a palladium
hydride PdD,.

After controversial period on the reality of CEFP in solids, there have appeared new data
showing unexpected nuclear products of reactions between mielei in the crystal lattice (the
lattice nuclei) in or on the cathodes used in elect rolytic experiments. It is now recognized
that the nuclear transmutation (NT) occurs widely and freguently in a surface region of solids
occluding hydrogen isotopes used in experiments of CFP.

The feature of NT is rather striking than its occurrence itself. The transmuted nuclel have
been found in near-surface region with a width of few tens g and the ratio of transmuted
nuclel to that existed originally becomes very high reaching in tvpical cases to several tens
Y. Furthermore, atomic numbers of the transmuted nuclei shift from that of the original
nucleus in the solids with very large variety from one to several tens. Tt is clear at a glance
of these data that the transmuted nuclei result from decaving of the elements or from fission
of them by some causes,

There had been a systematic explanation of varions events of CFP by a model with a
single adjustable parameter (TNCF model) proposed by the present aut hor.[2] In the nmodel.
the fundamental premise is an existence of thermal nentrons trapped iu solids inducing CFP
and reactions of a neutron with a lattice nucleus are taken into explanation of these various
events in CFI.[3,4]

To explain the whole spectra of NT, it is necessary to assume a simultancons absorption
of several neutrons by a lattice nuctens.[5,6] Tn this paper. N'T as a whole. i.c. NTp and N1
15 explained by the TNCF model with extension of the Premises to allow the simultaneous
reaction of neutrons with a lattice nmeleus.

2. Experimental Facts of Nuclear Transmutation
Before explanation of NT by the TNCE model. we give a brief introduction of experimental
data on NTp and N'Tp suceessively in this section.
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2-1. Nuclear Transmutation by a Decay NT

The nuclear transmutation in solids has been observed in CF experiments from around
1994 by R.T. Bush et al., I. Savvatimova et al., M. Okamoto et al. and others in its NT,
form.

Data by R.T. Bush[7]

R. Bush observed the excess heat generation and nuclear transmutations 3Na — $3Mg
and 3K — $0Ca in electrolytic systems Ni(alloy)/H/K(Na). It should be noticed that the
decay time of 1K, formed by a reaction n + 3K, into $8Ca by 3 -decay is known as ~ 107
v oin nuclear physices.

Data by R.T. Bush and D.R. Eagleton(g)

R.T. Bush and R. Eagleton observed the excess heat and the nuclear transmutation of Rb
into Sr in Ni/H,O + RbyCO4 system (with Ni sponge cathode). Natural abundance of S3Rb
and §IRb are 72.15 and 27.85 % and decay times of 52Rb and §8Rb are 19.5 d and 17.8 m,
respectively. Observed decrease of the isotope ratio 53Sr/5¢Sr (= 1/7 ) was from the original
value of 1/1 Jorig = 8.5 to /5 )1 = 3.5 when the excess heat was Q) and to 1/5 )2 = 2.7 (the
ordinate of point 2) when it was Q, (= 5Qy).

Data by I. Savvatimova et al.[9]

I. Savvatimova and her collaborators measured the excess heat, NT (nuclear transmu-
tation) of various isotopes and clements in the surface layer of the multi-layer cathodes in
discharge experiments. After the discharge of 4 hours, the sample was analyzed its isotope
composition about 3 months later. Here we take up only one data set of an increase of J97Ag
from 20 to 5000 ppm in the glow discharge with Dy gas and Pd cathode. The decay time of
WP formed by 2 + 19Pd into 197 Ag is known as ~ 10° v in nuclear physics.

Data by T.O. Passell[10]

A Pd cathode used in an experiment with an electrolytic solution DO + 1.0M LiOD + 200
ppm Al producing the excess heat of 0.56 MJ was subjected upon comparison measurements
of the prompt gamma activation analysis (PGAA) using thermal neutrons in beams from
research reactors. A result showed an ~ 18 % reduction in the boron impurity iB.

Data by M. Okamoto et al.[l1]

M. Okamoto et al. observed the excess heat and the changes of key and minor elements
in the cathode. We take up here, the nuclear transmutation from Al into Si in the surface
layer on the cathode in Pd/ D0 + LiOD system. The change of the density of the elements
(up to 80 % for Al) occurred in the surface layer with a thickness of ~ 1 jn.

Data by H. Yamada et al.[12]

To confirm the cold fusion phenomenon under glow discharge condition, a point-to-plane
electrode configuration in slightly pressurized (2 atm) deuterium gas for highly non-uniform
electrie field was emploved by Yamada et al. A neutron burst took place in 2 runs out of
total 37 runs. X-ray photo-electron spectroscopy (XPS) was used to investigate black deposit
observed covering the tip surfaces of two positive Pd electrodes which was used in the runs
with neutrou bursts to reveal the black deposit was carbon, mixed with palladium on the
surface of palladimmn point clectrode. The relative number of oxygen atom in the surface layer
is the same order as that of carbon atom (N /N ~ 1).

Data by G. Miley et al.[13]

Miley et al. performed electrolysis experiment with an electrolytic solution 1M Li, SOy +
HL,O with a cathode composed of 1000 microspheres (1s's) coated by a Ni layer. The excess
heat was 0.5 + 0.4 W from 1000 ms’s. The NT products were determined by NAA and SIMS
(for 32)Mn) for 1000 ms’s (using only 10 ws's for analysis).

Data by J. Dash et al.[14]

There were two kinds of the Pd cathode used in the experiment by Dash et al. The Pd

cathodes were (A) a cold-rolled 0.35 muu-thick polycrystalline sheet and (B) a 5.5 x 1072




mm thick foil. The anodes were Pt foils of 3 x 102 mm thickness in both cases. HoO
and D20 were used. In the case A, several regions on the deformed Pd cathode gave EDS
spectra which showed an appreciable amount of Pt and Au. The concentration of Au on the
heavy-water cathode appeared to be greater than on the light-water cathode. In the case B,
chemical composition was determined in regions which had topography suggestive of localized
melting. The average surface composition of the entire area of the cathode was about 85 %
Pdand 15 % Pt. In spectra from several points of the cathode, there are a predominant peak
at 2.98 keV corresponding to Ag.

Data by R. Notoya[l5)

In a series of experiments with Ni cathodes in HyO (and D,0) solution of electrolytes
K,COjy, Notoya et al. observed the excess heat. N'T and positron generation in the system by
the observation of gamma ray spectrum. The observed new elements supposed to be results
of NT were :20' 'Ca and S3Ni in an electrolytic system Ni/H/K with a Ni plate cathode.

The experimental data sets introduced in this subsection as a whole suggest that there are
nuclear transmutations in the surface layer of materials (clectrodes) explained by an existence
of thermal neutrons in them. Furthermore, it will be noticed in the analysis of these data
that decay times of some unstable isotopes scem shortened largely from the values in normal
states as explained in the next section.

2-2. Nuclear Transmutation by a Fission NT. ’

The nuclear transmutation by a fission has been observed from around 1995 by J.OM.
Bockris et al., T. Mizuno et al., T. Ohmori et al., R. Notoya et al., G. Miley et al. and others.
Data by J.G’M. Bockris et al.[16]

Bockris and his collaborator performed an experiment in which hydrogen was electrolyzed
from water in contact with a palladium electrode. Using XPS and EDA, it was determined
that the concentration of the new elements (Mg, AlL ClL. K. Ca, Ti, Fe, Cu, Zn, and so on)
was in the range 1 ~ 10 atomic %. These elements have no relationship to the impuritics in
the solution.

Data by T. Mizuno et al.[17]

Mizuno et al. observed NT in the surface layers (thickness ¢ < 2 pum) of Pd and other
cathodes induced by electrolysis. The identification of isotopes was performed by several
methods and many elements including Pt, Cu, Cr, Pd, and others were observed and showed
shifts of isotope ratios from natural ones. We take up here only one data set of 32Cr in
Pd/D/Li system: isotope ratio of 52Cr observed in the surface layer showed a reduction from
83.8 % (natural abundance) to 50 % through an clectrolysis of 30 days.

Data by T. Ohmori et al.[18]

T. Ohmori et al. observed NT, i.e. increases of }iFe and JiFe, gencration of C and S,
in light water electrolysis with electrodes Au and Pd and electrolytes NasSQy, KoCOy and
KOH in H20. In the electrolysis with a gold electrode and an electrolyte NapSOy4 in HyO for
a week, a notable amount of iron atoms in the range of 1.0 x 10' to 1.8 x 10!7 atoms/cm?
are detected at surface together with the generation of a certain amount of excess energy.
Data by Iwamura et al.[19]

Iwamura et al. measured the excess heat and nuclear products simultancously in PdD,
(0.8 < x) system using a new type of experimental apparatus. The excess heat measured
in the system with a Pd plate cathode (25 x 25 x | mm?) was about 10 % at maximum
for the input power of 40 W. Tritium was observed qualitatively with similar characteristics
to the data obtained in the former experiments. New elements of Ti, Cr, and so forth were
detected.

Data by G. Miley et al.[13]
The electrolytic experiments with cathodes of the packed-bed cell (about 1000 micro-
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spheres (1ns’s)) in a electrolyte 1M LiSO4 + HoO were performed with nickel, palladium and
Pd-Ni multilayer cathodes and titanium electrodes. We take in this paper ouly one data set,
Run #11. where Pd thin-film of 200 pm was on the polystyrene microsphere. The analysis of
the sample microspheres by NAA (Neutron Activation Analysis) after an experiment lasted
211 hours showed appearance of elements with yields of Al, Cu, V, Ni, Fe, Co, Cr, Zn and Ag
with amounts (in 10 ug/ms) 233, 277, 4.06, 388, 153, 2.18, 60.4, 806 and 70.6, respectively.
These amounts corresponds to number of atoms (in 10" /1us) of 520, 262, 4.80, 398, 165, 223,
699, 742 and 39.4, respectively.
Data by G.S. Qiao et al.[20]

The experiment on the Pd/D, and Pd/H, systems were performed by Qiao et al. in
a stainless steel Dewar with a piece of incandescent tungsten filament in it. The vacuum
annealed palladium wire (900 °C in a pressure of 1073 Pa for 3 hours) was scaled in the
Dewar and hydrogen isotope gas with a pressure of less than 1 atm was filled. Comparison of
the element composition after and before the experiment showed remarkable increase of Zn
at points near the surface of the Pd wire. The large change of element composition of Pd and
Zn, if it correlate, could only be explained by fission reactions, i.e. nuclear trausmutation by
a fission (NT}), in the surface region of the sample.

The above experimental data sets introduced in this subsection suggest that there are
nuclear transmutations by a fission in the surface layer of cathodes containing trapped neu-
trons. This fact could be understood that there is a nuclear fission of elements induced by the
trapped thermal neutron (TN induced fission) in cold fusion materials not noticed until the
CF phenomenon was observed even if these elements are stable against fission by an energetic
neutron irradiated under several tens MeV in free space,

The decay time shortening explained in the subsection 1 and the threshold energy lowering
of fission in the subsection 2 are new features of solid state - nuclear physics in complex
systems composed of trapped neutrons and solids with the surface layer of an isotope with a
large value of the mass number.

3. Explanation by the TNCF Model

The experimental data sets showing NTp and NT in surface regions of materials used
in CF experiments have successfully been analyzed by the TNCF model. A brief explanation
of the analyses is given in this Section.
3-1. Premises related with NT explanation

The Premises of the TNCF model related with N'T" at the boundary region is Premises |
and 2.[3,4]
3-2. Nuclear Transmutation by Decay NT )

- Fundamental reactions used in the analysis of NTp are such reactions between a trapped

neutron and nuclei in the material followed by a beta or an alpha decay as follows:[3]

n+ BNa = #Na = AMg+e + 0. (1)
n+ BK o= BK = 8Cat e +i. (2)
n+ 20 = O = C+ IHe (3)

These reactions with the assumption of the decay time shortening were used to analyze the
data sets introduced in the subsection 2-1 and the results were tabulated in the Table 1 on
the end of this section.
3-3. Nuclear Transmutation by Fission NT

As relevant nuclear reactions in nuclear transmutation by a fission (NTx), we may take
up a fission reaction with emission of several (say v) neutrons induced by an energetic or a



Table 1: Analysis of NT data. Neutron Density n,, and Relations between the Numbers N, of
Event  Obtained by Theoretical Analysis of Experimental Data on TNCF Model (Ng = Q
(MeV) /3 (MeV)). Typical value of the surface vs. volume ratio S/V (em™!) of the sample is

tabulated. also.

| Authors System LS/ Measured T, Other Results
e ! Quantities cm ™ (Remarks)
Bush(7] Ni/H/K ~ 160 NT;(Ca) 5.3x 1017 | No/Nyp~35 |
Ni/H/Na ~ 160 NT(Mg) 5.3x 10 | ifr=0 for*'K )
Bush[8] Ni/H/Rb ~ 10° NTp(Sr) 1.6x 107 No/Nyr~ 3
Savvatimova || Pd/D. 100 NT,(Ag) gx 1070
ot al.[9] '
Pussell[10] Pd/D/Li 400 NT, L1107 | Nayp/No=2
Okamoto Pd/D/Li 23 Q. NTp ~ 1010 Ng/Nnr~1.4
et al.[11] fg ~ 1 pm (*TAl— 28Gi)
Yamada[12] | Pd/D, 185 n, NT;(C) 2.0x 1012
Miley[13] Pd/H/Li 150 NTp(NiZn, - ) 4.5 x 1012
Dash[14] Pd/D H,S0,4 | 57 Q. NTp ~ 10'? Pt — Au
Notoya[15) Ni/D H/K 3.4 x 107 | NT 5 (Ca) 1.4x 10° (Sintered Ni)
Bockris Pd/H/ NT g (M. Si.Cs,Fe, 3.0x 10" Only Fe(10%of
ct al.[16] eteo in lpm layer) Pd) is taken up
Mizuno{17] Pd/D/Li 3.4 Q. NT,, 2.6x 10 7=30d, Pd
(If Crin Pd) ¢ <2 pum) lemgx 10cm
Ohmori[18] Au/H/K 200 Q, NT(Fe) ~ 101 (Au plate)
Miley[13] Ni/H/Li 50 NTp(Fe.Cr, ) 1.7 % 1012
Iwamura[1Y] | PdD,and Pd | 20 Q~ TW.Nyp/No~ 11 3.1 x 1010 Nnr/Ng)w=
/CaOPd, /Pd NT . (Ti, Fe. Cu etc.) 1~3 |
Qiao[20] Pd/H, | 185 NT(7n) 3.8 x 10" [ (40%NT in 1y) |

thermal neutron (and/or an energetic charged particle generated by a cold fusion reaction):

n () + 2M =
n{e)+ AM =

A=At A
oatIM A+ 4,

A

A OM 4 EM +un, (A+1=A4"+4"+0).

(4)
(5)

In the cold fusion, the possible maximum energy of a particle generated by a reaction assured

in the TNCF model is that of the neutron generated by a breeding reaction

t+d = 3He (3.5MeV) +n (14.1MeV),

and is 14.1 MeV. Therefore, the experimental result showing NTr should be an evidence of
the lowering of threshold energies for fission reaction occurring in materials from those in

Vacuul.

The fission reactions illustrated above with the lowering of threshold energics were used

to analyze the data sets introduced in the subsection 2-2 and the results were tabulated in

the Table 1.

3-4. Determined values of n,,

As a result of analysis of a data set, it is possible to determine the parameter n,, defined
m the TNCF model. The determined values of n,, are tabulated also in the Table 1 with

other results.

4. Conclusion

It should be emphasized here that the single parameter n, is determined uniquely even
in such cases where are several events, e.g. the excess heat (Q and NT, in a sample. This is

459



a strong support to the model and suggests that the model reflects some phases of physics
of CFP in it. Meaning of the Premises 1 and 2 and also that of n,, however, should be
investigated in terms of the physics of neutrons in solids which will be given in another paper
presented in this Conference.[21]
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