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Abstract

Experimental data on the excess
heat generation in thin and long PdD./Li
cathodes obtained by Celani et al. were
analyzed using the TNCF model. A
quantitative measurement of the amount
of the excess heat generated in the cath-
odes was used to determine the single
adjustable parameter n , the density of
the trapped thermal neutrons, the maxi-
mum value of which was deiermined
as 1.0 x 102 cm,

1. Introduction

An Italian group in Frascati made
an excellent experiment' which gener-
ated excess heat with a high degree of
qualitative reproducibility. They used
long, thin pure Pd wires (mainly
100 um x 160 cm) wound around a
cylinder (with a diameter 4 cmg) as a
cathode for both high voltage DC elec-
trolysis and high power-high frequency
electrolysis (peak currents up to 25 A,
peak voltages up to 270 V, pulse width
2 x 10*~ 5 x 10* ns, repetition rate
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10? ~ 5 x 10* Hz) in a dilute solution
0.25 mN LiOD - D,0 (LiOH - H,0).
The anode was a Pt wire (I mmg) wound
around a cylinder with a diameter 2 cmg
coaxial to the cathode.

The excess hieat was measured by
a flow calorimeter. They detected the
excess heat with a high degree of re-
producibility. The average excess heat
was ~ 20% (D,0) and ~ 10% (H,0) of
the input energy. The maximum excess
heat in the case of D,0 was 70 W (200 %).

On the other hand, a bundle of thin
Pd was used as a cathode in the experi-
ment® where the excess heat, “He and
X-rays were measured. In this work the
cathode was a bundle of Pd wires (each
wire was with a dimension 250 umg x
40 mm). This data has already been
analyzed using the TNCF model® to
give a consistent explanation of the data.

In this paper we will give an analy-
sis of the data* using the TNCF model
and show the effectiveness of fine par-
ticles,. thin wire and thin plates to
realiably produce the cold fusion phe-
nomenon.
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2. Analysis of the Experimental
Results

According to the TNCF model**
scenario the trigger reaction in the elec-
trolytic system with the LiOD (LiOH)
electrolyte is assumed as a neutron-5Li
fusion reaction in the PdLi alloy layer
(with a thickness [ taken as 1 um) on
the Pd cathode surface:

n+9Li=*He (2.1 MeV) + £ 2.TMeV). (1)

If all the liberated energy is ther-
malized in the system the excess heat
of this reaction is Q = 4.8 MeV.

Then, the excess heat ¢ in time ¢ is
expressed as follows:

0=0.35nyn, JlSc O @)

In this relation 0.35n v, is the ther-
mal neutron flux in the sample per unit
arca and unit time S is the surface area
of the cathode and ¢ is the fusion cross
section; ¢, = 9.4 x 107 bamns.

Putting into this relation values
obtained in the experiments and we
knew from experience, v, = 2.2 x 10°
cm/s, n, = 3.4 x 102 cm™, assuming
the PdLi alloy has the same lattice pa-
rameter as Pd metal, the isotope ratio
of SLi = 7.4% (the natural abundance),
S= 5.0 cm? and 1J = 6.25 x 10'2 MeV,
we obtain the density of the trapped
thermal neutrons n_as follows;

n =1.0x10%cm?

The result in the case of H,O gen-
erating about 10% excess energy shows
the similar effect observed with light
water*®, The difference between the
D,0 and H,O cases might be attributed
to the following breeding and trigger

reactions expected only in the D O sys-
tem:

1 (2.7 MeV) +d =*He (3.5 MeV) +
n(14.1 MeV) + 2.7 MeV, (3)

n(141MeV)+d=n' () +d (£),(4)
n(14.1MeV)+d=n" () +p(€)+d (€"3(5)

n+d=t+7y+6.25MeV. 6)

3. Conclusion

The TNCF model** has consis-
tently explained a series of data ob-
tained in the cold fusion experiments.
Especially, the riddles of the cold fu-
sion phenomenon, the qualitative
reproducibility, the huge excess heat,
the large N/N_ratio, the generation of
“He, nuclear transmutation and the cold
fusion in metal-hydrogen system had
been solved®® which were impossible
to explain just by following simple fu-
sion reactions between light nuclei
themselves, even if they occurred with
a high probability:

d+d=1t+p, O]
=3He +n, t))
=“He + 7. ©)
The result of analyses is tabulated

in Table 1 given before*?, including
new data obtained in the last two
works™*, together with in the present
one.

The experimental data'? obtained
using thin Pd wire shows several char-
acteristics of the cold fusion phenom-
enon which occurs in fine particles11,
thin wires and thin films*2. (1) They
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show high qualitative reproducibility, if
not quantitative. (2) The relative excess
heat to input energy is fairly high as 100
to 200%. (3) Sometimes the excess heat
accompanies “He>" or the nuclear trans-
mutation (NT)™2,

Experimentally, those cathodes
have a common character of the large
surface area vs. volume ratio. On the
other hand, from the point of view on
the TNCF model*’, they show high
densities of the trapped thermal neu-
trons n_= 10" ~ 10"2 cm™>,

These characteristics of the cath-
odes seem to express a necessary con-
dition for the cold fusion apparatus
based on the electrolyte D,O + LiOD
to generate excess heat with high effi-
ciency. (a) The qualitative reproducibil-
ity of the phenomenon necessitates hav-
ing a large number of cell units where a
Pd cathode with a large surface vs. vol-
ume ratio produces the excess heat. The
average of the output over all cells guar-
antees the stable output as a whole. (b)
The nuclear reactions occurring in the
cell produce some radioactive nuclei
and it is necessary to protect surround-
ings from them. Possible reactions are
as follows in addition to those above:
n+p=d+7y+22MeV, (10)
n+Li='Be=

2°He +e +v, + 162 MeV, (11)
n+ AM=4M'+e +v,

(12)

The authors would like to ex-
press their thanks to Dr. F. Celani
for the discussion of their results
at the conference.
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