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Localized nuclear transmutation in PdH, observed by
Bockris and Minevski revealed a characteristic of CF
phenomenon
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Abstract

In the Pd 'H,0 electrolysis system. new elements. Mg, CL Fe. Al Ca, K. and others. absent in the original system
have been observed by Bockris and Minevski (Infinite Energy 1995-96:5 und 6:67) in the surface region of the metal
hydride PdH | cathode with a thickness of 2 yum up to 10% of the matrix element Pd. The data is analyzed using the
TNCF model to give consistent explanation of these new elements by fission of nuclei formed from Pd isotopes in
cathode by absorption of a thermal neutron. The parameter of the model, 1, is determined to be n, =23.0 x 10"
em ™ consistent with the values determined by other experimental data in various events of CF phenomenon. © 2000

International Association for Hydrogen Energy. Published by Elsevier Science Lid. All rights reserved.

Keywords: Cold fusion: Metal hvdride: Nuclear transmutation: Neutrons—protons cluster: TNCF mode! -

1. Introduction

After earlier observations of events {1-5} of the cold
tusion (CF) phenomenon including the excess heat. tri-
tium, *He and neutron production, the nuclear trans-
mutation (NT) has been observed in these five or six
years. The appearance of foreign elements far away in
the periodic table from the originat elements in the sys-
tem puzzled people to explain it. The easiest way to
treat the phenomenon was to make the observation
defect of faults of the experiiments. Sincere scientists,
howevc’f,’ have taken the data serivusly and tricd 1o
give the explanation ol the event based on the conven-
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tional physics or on the extension of the present
knowledge of microscopic science.

The TNCF model for the CF phenomenon proposed
by one of the authors (H.K.) in 1993 was one of these
trials and applied to the NT as to other events in the
CF phenomenon. The NT observed hitherto has been
classified into two groups explained by (1) decay
(NTp) and (2) fission (NTg) of nucler formed from
originally existing nuclei in the system by absorption
of a thermal neutron abundant in the environment.
The model has given 1 consistent explanation of whole
events with only one adjustable parameter n, and the
result of the analyses has been compiled nto a book,
Rel. [6] and recent application of the model is given in
Refs, [7.81

In this paper. we analvze the data of NT in a palla-
dium hyvdnde PdH, svstem obtained by Bockris and
Minevsk: [9] as a result of reactions in solids including
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There are some experimental facts showing accelera-
tion of nuclear reaction [in other words, enlarging the
instability factor ¢ of the model in the following Eg.
(11) larger than one] in the surface layer of materials
including the trapped neutrons. Taking this fact inte
consideration, we assume in the following analysis that
the time constants of the above fission or decay reac-
tions are all very short and can be taken to be zero in
the calculation.

The number of events N, -, in unit time and in
unit volume of the reaction generating the unstable iso-
topes 45 'Pd” is expressed in the TNCF model by the
following relation [6-8];

ANVrA+] = 0.35/711 VM'IP(/Z(O’A 1)_4 )f ( i1 )

where 0.351,vP& is the flow density of the wapped
thermal neutron. s, and v, are the density and the
thermal velocity of the trapped ncutvon, respectively.
nPd is the initial density of the Pd atom (=6.88 x 10>
cm*3), 64 and P, are the cross sections of thermal
neutron absorption for the above reaction and the
natural abundance ratio of the isotope 7,Pd. respect-
ively. ¢ is the instability factor of the trapped thermal
neutrons and has been taken as one 1 the surface
layer where the reactions occur [6].

The cross sections for the reactions are given in Ref.
[12] on nuclear physics: o, =3.363. 3.03 x 10 .50
227 x 107" b for 4 = 102, 106. 108 and 110, respect-
ively. The summation in relation (11) s over A4 for un-
stable isotopes 3¢~ 'Pd”.

Using the data of a decreased number of Pd atoms,
or the total number of generated atoms (Fe in the
above reactions, for simplicity) assumed above, 1.e.
Np.=3.8 x 10" em* and the branching ratio 0.054 of
Fe generating reaction (calculated by the above reac-
tions taking into ratios of Pd isotopes and cross sec-
tions of n—"Pd reactions), we can determine the
adjustable parameter n, by relation (11) as follows:

n, =30 x 101 em™.

This value should be taken with a possible change of
the value by a factor of an order of one or two
depending on factors used in the caiculation. With this
reservation. we can compare this value 2.0 x 10" with
the values of 10%-10" ¢cm * determined by varions
data given in Ref {6] and those determined bv the
data of the same group given in Refs [10.11] 36 » 10
and 1.5 x 10° em™? by witium 13} and trittum and
helium [5] data, respectively. The rather sm=l vidues
[11,12] n, of the last two cases are determined by
values of tritium measured in long periods «nd mean
the average values for the periods including tatervals
imactive for CF reactions.

It should be noticed that the nuclear prouucts

observed in the experiment [9] arc not wholly explained
quantitatively [e.g. Fe and Ca should be obtained
equally from Eq. (6)] by the fission reactions written
above induced by absorption of a single thermal neu-
tron by the Pd atom in the surface layer. Furthermore.
there are more elements observed than those in Egs.
(2)=(10). It is clear that these discrepancics should be
explained by mechanisms other than the single neutron
process expressed in Eq. (1). A possible extension to a
process with multi-neutron absorption will be discussed
in the next section.

4. Conclusion

In the ten vears since the discovery of the cold
fusion phenomenon in electrolytic systems with hydro-
gen isotopes, discussion on the reality of the phenom-
enon has lasted without interruption, although
enthusiasm has recently decreased.

The main reason for this decrease is lack of unified
explanation for various event in the CF phenomenon
from the excess heat, tritium and “He generation to
nuclear transimutation and for poor reproducibility.

The TNCF model proposed by one of the authors
(H.K.) in 1993 at ICCF4 held in Hawaii has given phe-
nomenological explanation of whole cvents with only
one adjustable parameter, n,. with several supplemen-
tal premises common to all events and materials. The
fundamental assumption. existence of trapped thermal
neutrons in appropriate materials, has been pursued
using conventional physics and some new ideas about
the neutron state in solids have been worked out [13]
in accordance with phenomena in different branches of
physics. The neutron band, the neutron Cooper pair in
solids and the neutron cluster in the boundary region
are some of the concepts deduced.

To explain the wide spreading mass spectrum of
nuclear products observed in experiments [9.14], Fisher
[15]. used an idea of a polyneutron to realize multi-
neutron absorption by nuclei in solids and gave a
gualitative explanation of the mass spectrum. The
existence of the polyneutron in the surface region
where the products of NT observed as in the work [9]
anaiyzed in this paper has not yet been confirmed by
anv other phenomenon.

he TNCFEF model has given. however. a possible
mochanisim of the formation of a polyneutron in the
surface region [13] Recent development of physics of
the exotic nuclei |16] further suggest that there might
{ neutron-proton or neutron-deu-

teren clusters 1n the surface region where there arce
observed nuclear products of NTyp. This possibility
suggested by CF experiments gives the inevitably im-
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portant role of the hydrogen isotopes in the CF system
not taken into consideration until now.

In addition to this, the model explains the poor
reproductbility or. in other words, irreproducibility
used as a proof of unreality of the CF phenomenon by
critiques. The condition to realize an optimum situ-
ation of the specimen in the experiment is conditioned
microscopically by processes induced there by the
applied external action. The atomic process is inevita-
bly stochastic, tmpossible to contro! quantitatively but

statistically. Therefore. the expected reproducibility of

the cold fusion phenomenon is qualitutive and not
quantitative as explained in Ref. [6] and papers [17,18].
This nature also reflects the variety of values i, deter-
mined by observed values of CF events in various ma-
terials,

By the idea of the TNCF mode! for the CF phenom-
enon, the optimum condition in the electrolytic system
1s related intimately with the surface layer formation
on the cathode and inclusion of hydrogen isotopes into
the cathode. It is. therefore, not restricted to the deu-
terium system but to the protium system where the CF
phenomenon occurs. It 1s also clear that both matching
of the cathode material and the electrolyte and the
mode of electrolysis are essential factors in realizing
the optimum situation in the cathode. These features
in the successful experiments have been widely recog-
nized without an appropriate explanation which pre-
vented the smooth growth of CF science and the
development of CF technology.

The perspective of the CF phenomenon given by the
TNCF model, physics of trapped thermal neutrons in
solids including hydrogen isotopes with characteristic
surface structure. will accelerate resecarch in science
and technology of this new phenomenon.
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