Synopsis

Experimental data of tritium and
helium production in Pd by Bockis et
al. are analyzed using the TNCF model
proposed by us. The parameter n_of the
model is determined as 9.4 x 10¢ cm™
with the observed maximum amount of
tritium production of 3.8 x 107 s cm™
observed in the electrolyte (and 1.9 x
10® 5! cm 2 observed in gas). The value
n_determined in this analysis is in the
lowest range determined hitherto in
various cold fusion systems because of,
perhaps, the small value of the surface-
to-volume ratio S/V of the sample;
SIV=53.

1. Introduction
In the almost 10 years after its

discovery! in 1989, the cold fusion
phenomenon has extended its range of
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events from excess heat and neutron
production to helium generation and
nuclear transmutation using materials
from Pd and deuterium to compounds
and protium systems. There still re-
mains, however, some researchers per-
sisting with the deuterium-in-solid sys-
tem and d — d fusion reactions, and
seeking ways to explain the cold fusion
phenomenon, though it secems difficult
to explain its appearance by ordinary
reactions in a vacuum.

We have proposed a model** where
thermal neutrons, which are abundant
in the environment* play catalytic roles
in the cold fusion phenomenon to con-
sistently explain the various events,
including sometimes quantitative rela-
tions. In our point of view, those events
from the excess heat generation to
nuclear transmutation in materials from
transition metals to proton conductors
should be and can be treated using the
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same physics, i.e. solid state nuclear
physics.

In this paper, we take up a work’
by J.O’M. Bockris et al. which was pre-
sented at ICCF3, held in Nagoya, Ja-
pan in October 1992, to give a consis-
tent explanation of tritium and helium
generation in Pd cathodes observed
there.

2. Experimental Result

From various experimental data
obtained by Bockris et al”, we intro-
duce only those related with tritium and
helium in this paper so we can analyze
them using the TNCF model.

Electrolytic experiments with Pd
rod cathodes of 1.5 cm x 1.0 cmg
$=628cm?, V=118 cm*and SV =53)
and electrolytic solution 0.1 M LiOD
+ D,0 were performed with a DC
power supply. A liquid scintillation
counter was used for tritium measure-
ments. The helium analysis was done
on the Pd samples, which had shown
tritium production, by Rockwell Inter-
national, Los Angels, California for *He
and “He ,where the samples packerd in
solid CO, were sent.

The usual procedure for the initia-
tion of tritium production was to charge
the Pd electrode cathodically, at ~0.05 V
(vs. RHE) after the anodic pre-treat-
ment. In this process, there was no in-
crease in tritium activity. The increase
of applied electric potential in cathodic
direction triggered the reaction and a
steady increase in tritium activity was
observed. The initial, almost linear, re-
lationship between tritium activity and
time, was obtained which was common
for two cells, A and B, run in parallel.
The maintenance of a continuous in-
crease in tritium activity, triggered by

small increases in applied potential, had
not been recorded previously, though
tritium activity in a burst-like manner
has been observed.

The tritium production rate reached
its maximum of 3.8 x 107 #/s-cm? (in
electrolyte) after 327 hours of electroly-
sis. (This value corresponded to total
tritium production rate of 2.3 x 108 ¢/
s-cm? due to the ratio 5 of tritium in
gas and electrolyte given in their Table®.
The reaction was quenched at 406
hours, when D,0 was added. Tritium
production restarted again at 471 hours
of electrolysis with no potential in-
crease. After the addition of heavy wa-
ter tritium production ceased for two
days. The reaction was quenched for
the second time after 406 hours of elec-
trolysis and the decrease in ¢ activity
was observed due to dilution. An incu-
bation period of 65 hours was needed
for the reaction to restart again.

The average values of total tritium
production rate observed in the gas and
in the electrolyte in three weeks (504 h)
were4.2x 10°and 8.7 x 107 #/s, respec-
tively, and therefore, total production
rate was 5.1 x 102 ¢/s from the cathode.

A linear relation between over-po-
tential and the rate of tritium produc-
tion was obtained with a value of the

slope

4.5 (F/2-2.203-RT - 8.2).

Tritium contamination of Pd virgin
material was examined with negative
results.

Detection of “He in the cathodes
was done by mass spectroscopy using
a sample one twentieth of a cathode.
The sample was cut into eight speci-
mens and each specimen was investi-
gated for its helium content. All
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samples, with and without thermal
treatment, showed positive findings of
“He. The amounts of *He released by
the specimens that exceeded the aver-
age amount released or desorbed dur-
ing the analysis of the Rockwell con-
trol specimens. Excess of *He was ob-
served in 9 out of the 10 electrolyzed
Pd samples from electrode which pro-
duced tritium. In the case of *He, there
was no interference as far as the pro-
duction of HD artifact was concerned.

The amount of *He observed in a
specimen of a sample from a cathode
had spread widely from 04 to 166.8 x 10,
depending on the portion the specimen
was cut out from. The total amount of
helium from a sample inspected is cal-
culated as a sum of the amounts from
eight specimens and is 1.8 x 10" “He
atoms.

Summing up the amounts from all
twenty portions of a cathode, assum-
ing their equivalence (20 times that
from a sample), we estimate the total
helium in the cathode at 3.6 x 10" at-
oms. No *He was found, however.

3. Analysis of the Data

Using our recipe in the TNCF
model we analyze the data introduced
above as follows.

First, we assume the existence of
trapped neutrons in the sample PdD,
with a surface layer of Li metal and/or
LiPd alloy of a thickness 1 pum (as-
sumed) on its surface. The neutron is
quasi-stable and fuses with another
nucleus in regions where the neutrons
become unstable due to a large distur-
bance from structural defects (e.g. re-
flecting surface or impurity nuclei). The
rate P, of the reaction (trigger reaction)
is assumed to be given by the same re-

lation as that in vacuum except a fac-
tor &;

P,=035nyn,Vo 86, (1

where 0.35n v, is the flow density of
the neutrons per unit area and time, n,,
is the density of the nucleus, V is the
volume where the reaction occurs, 0,
is the cross section of the reaction. The
factor £ represents degree of stability
of the neutron and is 1 in the region
where the neutrons are unstable and is
0 ~ 0.01 for an impure nucleus in a re-
gion where the neutrons are stable.

We consider the above reaction be-
tween the trapped neutrons and a
nucleus with this probability as a trig-
ger reaction generating energetic par-
ticles. The energetic particles generated
by the trigger reaction react with par-
ticles in the lattice and cause breeding
reactions written down below. The rate
P_per unit time of a reaction betwcen
an energetic particle with an energy €
and one of stable nuclei in the solid is
given by the similar formula as that in
vacuum:

PeNmol @

where N_ is the number of the particle
with an energy € generated in the
sample per unit time, [ is the path length
of the energetic particle, n,, is the den-
sity of the reacting nucleus, o, is the
cross section of the reaction. The path
length [ for a charged particle has been
taken as 1 um in the analysis for sim-
plicity.

In the case of the electrolytic sys-
tem used in the experiments, the rel-
evant trigger and breeding reactions are
written down as follows:
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n+°Li=*He (2.1 MeV)+(2.7MeV),(3)
n+d=((698 keV) +v(6.25 MeV),(4)
t(e&) +d =*He (3.5 MeV) +n (14.1

MeV) +e, )]
ne+d=nE)+die"), 1))
d (¢) + d =He (0.82 MeV) + n (245
MeV) + & Q)

Cross sections ¢ of the tngger reactions
(3) and (4) are given as follows: ¢, =
94 x10°b, 0, ,= 5.5 x 10* b, respec-
tively. For the breeding reactions (5) ~ (7)
the cross sections are 0, = 1.42x 107 b
(,=2.7MeV),0,,=3.0x10"Db
(, =698 keV), 0, ,=886x10°Db
(¢,=125MeV)ando,_,=55x10"b
(€, = 14.1 MeV), respectively. The en-
ergy of the dcuteron 12.5 MeV, used in
the calculation of the reaction (7) for
simplicity, is the maximum value ob-
tained in the ¢lastic collision (6).

Using the relation (3), which is the
dominant reaction generating tritium
and *He in the Pd + LiOD system in
our regime, we can determine the pa-
rameter a_from the maximum produc-
tion rate of tritium 3.8 x 107 ¢/s-cm? in
clectrolyte (and 1.9 x 10P ¢/s-cm? in gas)
as follows;

n) .=94x106cm>.

This value is in the minimum range
of values determined for samples vari-
ous cold fusion events were observed®®,
For an average value of tritium produc-
tion 8.0 x 107/s-cm? calculated for 3
weeks (504 h), we obtain an average
value of n_of

n),,=32x10°cm>,
Using the maximum amount (1.66

x 10*! “He per cathode) of the observed
“He, we can determiune  which according

to our model shouid coincide with that
determined by tritium generation. The
result 1s:

n),, =13x 10 cm?,
4. Discussion

The experimental data by Bockris
et al.” was analyzed in the precading
section and have given the above three
values of the parameter n_using the
TNCF model; n)  =9.4x10%,n) =
32x10%andn), =1.3x 10* cm™.

This difference in the determined
values for the parameter 1, might be
considered at first sight showing a fail-
ure of the model. This is, however, not
the case, considering the facts revealed
after ICCF3, where this experimental
result was presented. One of typical
cxamples where much *He was ob-
served is the data by Miles et al.®, where
the helium was detected in the gas from
the electrolytic system. Another preci-
sion experiment where *He was de-
tected in the sample was done soon af -
ter the first experimentl by Morrey et
al.?to check the reality of the phenom-
enon. This gave an unexpected result
as far as the conventional prediction
based on the d — d direct reactions in a
PdD system. The latter result resulted
in a disbelief by skeptics in the reality
of the cold fusion phenomenon, and in
an effori by many scientists to directly
prove the occurence of the d - d reac-
tion in PdD system.

This imbalance of tritium and he-
lium generation had been one of the
main riddles between events in the cold
fusion phenomenon until our papec'®
explained them. The explanation is
based on the position in materials
where reaction (3) occurs and on the
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residence of tritium and helium in the
system. Reaction (3) occurs in the sur-
face layer on the cathode using the
TNCF model and the generated prod-
ucts 7 and *He go out easily into elec-
trolyte and then into gas. This is why
tritium is often observed in liquid and
helium less in the cathode. The data
obtained by precise measurements® was
consistently explained assuming only
3 % of the generated helium atoms re-
mained in the Pd cathode.

The occurrence of reactions gener-
ating NT noticed later in these several
years'™ have undoubtedly shown the
importance of the surface layer in the
cold fusion phenomenon.

So, the above values determined by
the average amount of tritium n,)_ and
n,),, should not be compared directly.
If we assume the same factor 3% for
the amount of helium in the cathode as
done in the analysis of the data obtained
by Morrey et al.’, we obtain a follow-
ing value;

n )y, =42 x10° cm™

This value is compared withn ) =
3.2 x 10¢ cm™2. If we consider the am-
biguous basis of the calculation 1)
of the factor 3 % from analogy of Miles
et al. and 2) of average tritium produc-
tion rate ~ 5 x 10%s calculated from ~
10% ¢ as a whole (Table 37) in ambigu-
ous 504 h (3 weeks), the coincidence
of 3.2 x 10¢ and 4.2 x 10° cm™ should
be taken as fairly good.

The general tendency of a discrep-
ancy between the amount of the excess
heat and nuclear products by a factor
of one order of magnitude noticed in
our analyses**'%!* by now could be dis-
solved by the possible occurence of
several reactions generating various

nuclear products from tritium and he-
lium to NT accompanying the excess
heat where only one or two of the prod-
ucts was measured to compare with the
excess heat as a whole.

There are many data other than
those taken up in this analysis in the
paper by Bockris et al.” which are in-
teresting from our point of view for the
development of the physics of the cold
fusion phenomenon and are the theme
of our future program.

The authors would like to express
their thanks to other members of our
group who have discussed the cold fu-
sion phenomenon throughout this work.
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