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Synopsis

Experimental results of tritium
measurements in a discharge system
with ceramics cathodes by Romodanov
et al. were analyzed with the TNCF
model. A consistent interpretation of the
whole results is given. The adjustable
parameter in the model n_, the density
of the trapped neutron, was determined
as n_~ 10° cm? in the experiments
where tritium was measured.

1.Introduction

The TNCF model for the cold fu-
sion phenomenon has been used to ex-
plain various cold fusion events mea-
sured in materials containing hydrogen
isotopes with a great success"®. There
have been, however, 100 many experi-
mental data to treat in a short time since
the development of the model about two
years ago. We are going to analyze the
remaining excellent data obtained in
these 8 years after the discovery of this
phenomenon using the TNCF model. In
a previous paper* we have analyzed
experimental data of tritium generation
from a metal cathode in glow discharge
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by Romodanov et al.¢, In this paper we
have taken up the data obtained by
Romodanov et al.” using ceramics cath-
odes.

2.Experimental resulis

Romodanov and his collaborators
have been working with discharge sys-
tems using various materials for the
cathode to measure tritium. The data
with a Mo cathode had been analyzed
successfully by the TNCF model* to
give a reasonable explanation for the
tritinm generation in the cathode oc-
cluding a large amount of deuterium®¢,
In this paper we will take up one with a
ceramics cathode’ VC, TiC, ZrC and
ZrN from their experiments to provide
an explanation consistent with the oth-
ers.

2-1. Ceramics

The ceramics cathodes uvsed in the
experiment’ and analyzed in this paper
are tabulated in Table 1. The ceramics
all have a crystal structure of NaCl type
and their lattice constants a, size of the
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Tablc 1: Cathode matcrials and their lattice constants a and sizes of the cathodcs.

Material | a(A ) | Size (mm¢x mm) | Volume (cm?)
TiC 4.326 | 25 x 10 4.91

vC 4.167 [ 25 x 10 4.91

ZrC 4.691 {25 x 10 4.91

ZrN 4.573 | 40 x 20 25.12

Table 2: Cathode material, Discharge current / (A), Cathode temperature T (K),
Gas pressure P (Pa), Measuring time (h), Tritium gencration rate (/s) and the

parameter n_determined by the data.

Cathode | I (A) | T (K) | P (x 10° Pa) [ Time (h) [ ¢ { x 0¥ /) | n, (x 10° cm3)
TiC 2.3 2020 20 56 1.6 2.5
23 1910 10 k2 1.2 1.9
vC 2.1 2030 20 52 1.6 22
vC 2.1 1935 12 39 2.6 3.7
ZC 2.0 2060 | 29 60 16 31
ZrC 18 1580 7 72 1.2 2.7
ZN 2.5 2030 30 44 4.2 7.7
ZrtN 2.5 2240 20 48 3.6 6.3
ZrtN 24 1900 10 66 2.7 5.1

cathodes with disc shape and their vol-
umc are listed in this table.

2-2. Tritium measurement

High current glow discharge with
D, gas of pressures 10 ~ 30 Ps was con-
ducted with the disc cathode of the ce-
ramics at voltages of 200 ~ 1000 V and
currents of 2 ~ 2.5 A for 30 ~ 80 hours.
Tritium content of the gas was measured
during the cxperiment giving values 10°¢
~ 107 t/s. Typical data were tabulated in
Table 2.

The tritium generation in these ex-
periments were with good reproducibil-
ity w in the case of the metal cathodes
analyzed before*.

3. Analysis of the Data by the TNCF
Model

Using the recipe described in the
preceding papers', we could explain®
the data of the tritium generation ob-

taincd by Romodanov ct al.%¢ The
TNCF model assumes cxistence of the
trapped thermal neutron with a density
n_in a sample as an adjustablc param-
elcr.

The trapped thermal ncutron can
induce a reaction with a dcuteron cspe-
cially in the surface layer (trigger reac-
tions):

n+d=1(698keV)+ y(6.25 MeV).(1)

The cross scction of this reaction for the
thermal ncutron is 5.5 x 10 bam.

The nuclear products gencrated in
thesc trigger reactions can induce reac-
tions (brccding reactions) with nuclei
in the sample:

1(6.98keV)+d =

‘He (3.5 MeV) + n (14.1 MeV), (2)
n{l41McV)+d=n+p+n, 3)
7(6.25MeV)+d=p+n. 4)

The cross sections of these reactions arc
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3.04 x 10, 1.77 x 10! and 2.0 x 10?
bam, respectivety. Also, the 14.1 MeV
negutron can accelerate deuterons by
elastic collisions with them making pos-
sible d-d reactions:

n(i41MeV)+d=n"+d (e), )
d(e)+d=1(0MeV)+p(3.02 MeV)(6)
=3He (0.82 MeV)} + 1 (2.45 MeV).(7)

The cross section of the elastic coilisicn
(5) is about i barn.

The number of the reactions (1)
(generating ¢ and 7) is calculated by the
following relation:

Nt =Ng=0.35nv n Vo £ ®
where 0.35n v_ is the flow density of
the thermal neuirons per unit area and
time, n, is the density of deuterium in
the volume, o, is the fusion cross sec-
tion for reaction (1) and is 5.5 x 10
barn for the thermal neutrons. The nu-
merical factor & related wiih stability
of the trapped neutron in volume is
iaken as 1 in the susface layer and 0.01
in volume®®,

Using these relations (8) between
the observed quantities of the number
of events N’s and n_, we can calculate
n,_ for each event. In the analysis we
assume the excess heat is inevitably
accompanied with nuclear products ac-
cording to the reactions (1), (2), (6) and
(7), though we assume all the liberated
energy is thermalized in the system.

The careful investigation of tritium
generation in the discharge system with
the ceramics cathodes is tabulated in
Table 2 for each cathode. The maximum
tritium generation was 1.6 x 107 /s. The
densities of the trapped neutrons calcu-
lated from the experimental data arc
also shown in Table 2. In the calcula-

tion, it was assumed that the density of
deuterium in the ceramic cathodes was
constant and one half of the metal ion
(Ti, V, Zr): D/Ti (V, Zr) = 0.5.

The result tabulated in Table 2
shows that the average density of the
trapped neutron in the ceramics cath-
ode used in the above experiments are
in a range of 10° ~ 107, which is an or-
der of magnitude lower than the value
determined in Mo cathode

4.Discussion

In the more than eight years after
the discovery of the cold fusion by
Fleischmann et al.', there have been
many evidences of nuclear reactions in
solids. Most of materials used in cold
fusion experiments were transition met-
als: Pd, Ti and Ni. Ceramics and oxides
have been used also as materials which
occludc or include hydrogen isotopes.
The work analyzed in the preceding sec-
tion” was 2 rare case in which ceramics
were uscd as a cathodc in discharge and
tritium generation was observed i
them. This experiment has shown that
tritium had been generated not only in
metal but also ceramic cathode of dis-
charge experiment with D, gas. Nuclear
reactions in solids with a hydrogen iso-
tope is not restricted to metals (Mo, V,
etc.® but include ceramics’, i.e. cold fu-
sion is more a general phenomenon oc-
curring in a wide variety of materials
than was at first considered by its pio-
neers'®,

We, therefore, have to seek a cause
(causes) of the cold fusion phenomenon
in more general propertics of soiids con-
taining not only deuterium,but also
hydrogen!?,

The TNCF model is a trial in this
line of theoretical investigation and has
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provided a consistent interpretation of
various events of the cold fusion phe-
nomenon. The authors have to say, un-
fortunately, that there is a shortage of
quantitative information caused by the
patent barrier by those wishing to pro-
tect their priority in getting a patent.
Such an important discovery as the cold
fusion should be a commonwealth of
mankind to save the future of the earth,
We hope that the patent barrier will be
lowered and the cold fusion research
will be a common work of mankind.

The authors would like to express
their thanks to Dr. V. Romodanov for
the discussions during the previous® and
this works.
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