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The problem of excess heat produc-
tion in a Ni-H system was investigated
according 10 the Trapped Neutron Cat-
alyzed Fusion model (TNCF model).
Explanations of experimentally ob-
served amount of excess energy are
given.



1. Introduction

The cold {usion phenomena in Pd-D
and Ti-D systems discovered in 1989
(1,2) have been attracting world-wide
strong attention as a promising energy
source, should it be rcalized. Because
of the complex nature of the phenome-
na, however, there have been contro-
versies as to the reliability of the
experimental results, which show
astonishing effects not observed or
noticed before.

Recently, a discovery of excess heat
generation in Ni-H system was report-
ed (3). This news shows, as we have
already pointed out (4-6), that the cold
fusion phenomena occurs not only in
Pd-D and Ti-D systems but also in
some ceramics and other metals con-
taining a lot of hydrogen and deuteri-
um. According to the TNCF model,
we will calculate some parameters
pertinent to the cold {usion in Ni metal
and show the realily of the experimen-
tal results.

2. Model Calculation

As is explained in the previous pa-
pers (4-6), the first factor of the
TNCF model is, as the name shows,
the trapping of low-cnergy neutrons in
the metal containing a lot of protons
(deuterons). And if there are trapped
neutrons, the starting reaction is the
following, between a trapped neutron
and an occluded proton (we will
consider only the case of metal-H
system):

n+p=d(1.33keV) +7 (2.22 MeV) (1)

If this reaction occurs between the
trapped neutrons and the occluded (or
included) hydrogens, the main energy
owned by the emitted photon (2.22
MeV) will traverse the matrix ma-
terial. According to the TRIUMF
Kinematics Handbook (Table VII-6),
the mass attenuation length for the
2.22 MeV photon is almost the same
as for the 6.25 MeV photon calculated
betore (5) for materials with the atom-
ic number Z larger than 25. From the
data given in the previous paper (5)
(fig. 2 and table 3), we obtain the
attenuation length of the 2.22 MeV
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photon in Ni metal as 3.4 ¢cm.

This value shows that the excess
heat generated by cold fusion can be
observed in a Ni metal sample, which
includes a lot of hydrogen, if it has a
lincar dimension of the order of a few
centimeters (size effect).

The deuteron with energy 1.33 keV
generated in reaction | can propagate
without energy loss (channeling)
along a line through interstitial sites
(OHS line) where there are absorbed
protons. The deuteron collides with
one of these protons to fuse into 3He:

d +p =3He (5.35 keV) + 7 (5.59 MeV) (2)

The photon generated in this reac-
tion dissipates almost completely in
the sample we are now considering.
The 2He, on the other hand, can prop-
agate along an OHS line and collide
with a proton on the line. The acceler-
ated proton will fuse finally with a
deuteron in the sample generated in
reaction | and rest on an interstitial
site.

On the other hand, if the deuteron
generated in reaction 1 loses energy
before making fusion reaction 2, the
deuteron stays in an interstitial site
and may be collided with a neutron to
fuse into a triton:

n+d=t(6.98 keV) +7 (6.25 MeV) 3)

The photon will decay in the sample
and the triton can propagate along an
OHS line to fuse with another proton:

t+p =“He (0.09 MeV) +v (19.92MeV)  (4)

Thus, in an optimum situation, as in
the situation considered in a previous
paper (6), the initial fusion reaction 1
between a trapped neutron and a pro-
ton induces sequential reactions (reac-
tion 2) to produce energy to heat the
matrix. In the case of a material in-
cluding protons, there are no process
breeding neutrons, and it is expected
that the neutron burst and thermal
explosion will be different from the
case of the deuteron previously inves-
tigated (6).

To realize reaction 1, it is necessary
to fulfill certain conditions: First of
all, a lot of protons must exist in the
sample. Secondly, the neutrons must

be “trapped” in the sample by particu-

lar mechanisms to stay there long

cnough to realize the fusion reaction 1.

The postulated mechanisms of neutron

trapping arc:

1. total reflection by the boundary of
regions with different densities of
the proton,

2. Bragg reflection by ordered lattice
of included protons, and

3. neutron Moessbauer effect (7).

In the case of a nucleus with a medi-
um mass number, like Ti, Ni and Pd
isotopes, a neutron is usually absorbed
to form an excited state of another iso-
tope. The isolopc may emit a neutron
or a photon to attain the {inal state. In
this way, the matrix nuclei work as a
neutron reservoir Lo (rap neutrons
(neutron Moessbauer effect).

In one experiment (3), the specific
protocols for loading the hydrogen in-
to nickel made, in our opinion, the
sample inhomogeneous and appropri-
ate for the trapping of neutrons with
these mechanisms.

As other mechanisms to localize
neutrons, it is possible to consider
many body effects, such as inducing
Anderson localization of electrons in
random lattices.

Neglecting all nuclear reactions be-
tween matrix nuclei and elementary
particles, we may assume len occur-
rences of reaction 2 following the ini-
tial rcaction 1. Then, 10!2 neutrons
per second in the sample produce an
energy corresponding 10 50 W of heat.

Inclusion of the following d-d reac-
tion cycle will make the necessary
number of the initial neutrons several
orders of magnitude (~10°) smaller
for the production of the same amount
of thermal energy (6):

n+d=t(6.98keV)+7 (6.25MeV) (5)
{+d = *He (3.5 MeV) + n (14.1 MeV) 6)
n+d=n'+d (7)

d+d=3He (0.82 MeV) + n (2.45MeV)  (8)
=1(1.01 MeV) + p (3.02 MeV) 9)

=?He (76.0keV) +7 (23.8MeV)  (10)




Branching ratios of the last three re-
actions are known as 0.5 : 0.5 : 106 in
nuclear physics.

3. Conclusion

The investigation given above again
showed that the TNCF model explains
qualitatively the experimental data
on the excess heat generation in a
Ni-H system as in the preceding cases
of the anomalous excess heat (4,5)
and neutron bursts (6) in Pd-D and
Ti-D systems. According to our mod-
el, it is expected that the deuteron with
energy 1.33 keV generated in reaction
1 will appear in some form in the
experiment. One possible effect is
an emission of deuterons from the
sample with energy of 1.33 keV with-
out any loss of energy by channel-
ing in the material. A second possible
effect is the formation of 3He by
reaction 2. Detection of 3He is ex-
pected.

As is emphasized in the previous
paper (5), the poor reproducibility of
experimental results in cold fusion
phenomena is attributed to the sto-
chastic nature of conditions to realize
neutron trapping. Though the repro-
ducibility of the phenomena was
largely improved in the Ni-H system
(3), excess heat changed case by case.

The number of neutrons (10'2 per
second) to explain the experimental
data seems too large to be consistent
with experimental data obtained hith-
erto. One possible explanation is the
existence of many cold neutrons in na-
ture which are not detected with the
usual technique of using dynamical re-
actions of charged particles from the
neutron.

Thus, we can understand the com-
plex phenomena occurring in cold fu-
sion on the plausible assumption of
neutron trapping in inhomogeneous
materials without making unreason-
able assumptions on the elementary
processes. All reactions are familiar to
modern scientists and unknown fac-
tors like neutron trapping mechanisms
are beginning to show their shape
(8,9). Conscious efforts to detect the
working mechanisms in complex but
interesting phenomena along the line

of the TNCF model will reveal the
physics of cold fusion. L CFJ
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