Synopsis

Experimental results of the tritium
and the excess heat measurements in Pd/
D/Li system conducted by Storms et al,
were analyzed using the TNCF model.
A consistent interpretation of the results,
including time evolution of the excess
heat generation, is demonstrated. The
adjustable parameter in the model —
the density of the trapped neutron was
determined asn ~ 107and n ), ~10"
cm?in the experiments where tritium
and excess heat were measured (the
maximum value = 7W),

i. Introduction

The TNCF model for the cold fu-
sion phenomenon has been used to ex-
plain various cold

fusion events measured in materi-
als containing hydrogen isotopes with
great success'3. There have been, how-
ever, t00 many experimental data to
treat in a short time since the model was
developed only about two years ago. We
are going to analyze the remaining ex-
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cellent data obtained during the 8 years
since the discovery of the cold fusion
phenomenon using the TNCF model. In
this paper, we have taken up data ob-
tained by Storms et al.**

2. Experimental results

Storms and his collaborators have
been working to measure the excess
heat and tritium in Pd/D/Li electrolytic
system. From their data we will take up
one with tritium* and another with the
excess heat® in this analysis.

2-1. Tritium

Storms and Talcott* had examined
fifty-three electrolytic cells of various
configuration and electrode composi-
tions for tritium production during ex-
periments running up to 100 days. A
careful check of the distribution ratio
of the excess tritium in the gas and elec-
trolyte was performed; the average gas/
liquid ratio based on 15 data sets was
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0.91 + 0.16. Significant tritium was
found in 11 cells at levels between 1.5
and 80 times the starting concentration
after enrichment corrections were made.

Although the amount of tritium
made in this study was small, it was well
outside of the uncertainty in the mea-
surement based on a large and consis-
tent data base. From their data we will
take up cell 73 (Pd strip with an area S
=13cm? 1 x 1.3 x 50 mm?, D/Pd =
0.81) where a large excess of tritium
was observed over ~ 70 days: The maxi-
mum tritium concentration was ~390
disintegration/min-ml. This number
analyzed using the TNCF model will be
given in the next section 3-1.

2-2. The excess heat

Storms>¢ measured the excess heat
from Pons-Fleischmann type electro-
Iytic cells. In an experiment®, one from
two samples (S = 6.7 cm?, D/Pd =0.82)
gave a maximum excess heat of 20%
(7W) before the run was prematurely
terminate about 60h after the onset of
the heat production at 230h from the
beginning of the electrolysis. In this
case no tritium was detected.

In another experiment®, additional
evidence was presented to show that
heat production had a positive tempera-
ture coefficient, had a critical onset cur-
rent density, and originated at the pal-
ladium cathode.

These fine experimental data of the
excess heat generation are analyzed by
the TNCF model in the next section 3-2.

3. Analysis of the data using the
TNCF Model

Using the recipe described in the
preceding papers'?, we can explain the

data of the too large excess heat to cx-
plain by chemical reaction obtainced by
Storms et al.*¢. The TNCF model as-
sumes existence of the trapped thermal
neutron with a density n_in a sample as
an adjustable parameter.

The trapped thermal neutron can
induce reactions with minor nuclei
¢Li in the surface layer and d in the vol-
ume (trigger reactions):

n+°Li="*He (2.1 MeV) +1 (2.7 MeV), (1)
n+d=1(698keV) + 7(6.25 MeV),(2)

The nuclear products generated in
these trigger reactions can induce reac-
tions (breeding reactions) with nuclei
in the example:

1(27MeV)+d=
‘He(3.5 MeV) +n(14.1 MeV), (3}
n(l41MeVy+d=n+p+n, (4)
7(625MeV)+d=p+n. )

Also, the 14.1 MeV neutron can
accelerate deuterons by elastic colli-
sions with them, making possible d-d
reaclions:

n+d=n'+d, ©®)
d+d=:(1.01 MeV)+p 302MeV), (7)
=%He (0.82 MeV) + n (2.45 MeV).(8)

The number of the reactions (1)
(generating *He and 1) and (2) (generat-
ing t and 7) is calculated by the follow-
ing relations, respectively:

N, =035nvn Sl o, )

n Liv e Tnli

N =035nynVo £, 10)
where 0.35n v_is the flow density of the
neutron per unit area and time, n,; is the
density of °Li in the surface layer of Li
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metal with a thickness ( which we take
as 1 um unless otherwise stated), S and
i, are the surface area of the cathode and
the thickness of the layer where the re-
action occurs, n, is the density of deu-
terium in the volume, o, and o, are
the fusion cross section for the reaction
{1) and (2) respectively, and are 9.4 x
10? and 5.5 x 10 bamn for the thermal
neutron, respectively. The numerical
factor x related with stability of the
trapped neutron in volume is taken as 1
in the surface layer and 0.01 in volume’.

For £ = 0.01, N, (Eq.(9)) is com-
parable with N (Eq.(10)) when S/V ~ 10°
cm! or a volume with a linear dimen-
sion [ ~ 10° cm (£ / ~ 107). This rela-
tion for the equivalence of the two num-
bers realizes for [ ~ 10 cm when & ~1
which will be in a high temperature
sample (large amplitude of D vibration
in a sohd).

Using these relations between the
observed quantities of the number of
events N and n_, we can calculate n_for
each event. In the analysis, we assume
the excess heat inevitably accompanied
with nuclear products according to the
reactions given above though we as-
sume all the liberated energy is thermal-
ized in the system.

3-1. Tritium

The careful investigation of tritium
generation in the electrolytic system Pd/
D/Li with LiOD with a lowered com-
position of °Li to 0.018%. In the case
of the maximum tritium generation
1.8 x 10? Bg/ml in 250 h with a electro-
lyte volume of 60 ml, the density of the
trapped neutron was calculated as

n=22x10"cm?>

The value of the density deter-
mined from the amount of tritium is
about three orders of magnitude less
than the value determined by the excess
heat in the next subsection. This point
is discussed in the next section.

3-2. The excess heat

From the data of the excess heat
generation of 7W in the sample de-
scribed above®, we can calculate the ar-
bitrary parameter n ;

n,=5.5x 10" cm?.

The parameter n_ calculated from
another data® of the excess heat gencra-
tion 2.3W is

n,=18x10"cm?.
4.Conclusion

The discrepancy in the two values
of n,’s calculated above could be inter-
preted as showing that a large part of
tritium generated in the sample re-
mained in the sample and was not mea-
sured outside. There are also some re-
actions generating the excess heat, but
it’s tritium which makes the discrepancy
large. Therefore, the discrepancy is un-
derstandable from our point of view.

Then, these values of n, 2.2 x 10’
and 10'® cm-3 in the tritium and the ex-
cess heat measurements, respectively,
are consistent in themselves and also in
the range of n_obtained hitherto for
other similar experiments™. We have
to remember an assumption in the cal-
culation of n_that the liberated energy
in the reaction (1) is entirely thermal-
ized in the system.

We interpret that the above result
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obtained in the analysis of the excess
heat and tritium measurements shows
a success of the model and that the cold
fusion phenomenen is a probe suggest-
ing the existence of the thermal neutron
with a quasi-stability piled up in the
solid! and also the existance of nuclear
reactions between the trapped neutron
and nuclei in and on the sample, another
eviderice of which is the nuclear trans-
mutation*",

Though the data of the excess heat
and tritium in independent experiments
can determine only the value of the ad-
justable parameter n_ for each case,
other events, if any, in the same sample
can check the validity of the model com-
paring theoretical and experimentai val-
ues of such ratios as N/N,, or NN,
which had been done before®.

The value of n_determined in this
analysis wiil increase by a facior with
an order of one or two if the liberated
energy in the reaction (1) is only parily
thermzlized in the system though con-
tribution of other reactions than (1) de-
crease n . The remaining part to the lib-
erated energy might be carried out from
the system by the particles t, nand yin
reactions {1}, (2) and (3), respectively.

in reality, the photon with an en-
ergy 6.25 MeV was cbserved in recent
experiments?!. Cold fusion experi-
ments are not entirely free from radia-
tion hazards.
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No Padding

If T get more papers I'll publish
more often. I'm not going to stuff the
journal with fluff just to meet a dcad-
line.
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