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Abstract

The simultaneous tritium and helium data obtained by Bockris’ group in Texas A&M Universily are analyvzed
with the TNCF model. The adjustable parameter in the model is determined by the experimental data as 1,=1.5 x
10° cm™> consistent with values determined for other events in the cold fusion phenomenon. To reconcile the data
of tritium and *He. it is necessary to assume that only 1 ~10% of the generated “*He remains in the surface region
of the cathode where it has been observed. ¢ 2000 International Association for Hydrogen Energy. Published by

Elsevier Science Ltd. All rights reserved.
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1. Introduction

The cold fusion (CF) phenomenon including obser-
vations of the excess heat, tritium and neutron by
Fleischmann et al. [1]. neutron with 2.45 MeV by
Jones et al. [2]. tritium by Packham et al. 3], *He in
the Pd cathodes generating the excess heat by Morrey
et al. [4], the nuclear transmutation (NT) and others
have been analyzed successfully by the TNCF model
giving a unified explanation of various features of the
phenomenon. The TNCF model for the CF phenom-
enon proposed by one of the authors (H.K.) in 1993
was explained and the result of the analyses was given
in a book [5] and recent papers [6,7].

We analyze the data of simultaneous observation of
tritium and “*He production in Pd/D/Li systemi
obtained by C-C. Chien et al. [8] using the TNCF
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model with success and consistency with others
obtained hitherto and described in the book [3].

2. Experimental data and its analysis

The first reliable tritum observation in the electro-
Iytic Pd;/D/Li system was performed in 1989 by Pack-
ham et al. {3] and a reliable *He observation in 1990
by Morrey et al. [4] in Pd cathode used to generate the
excess heat. The latter is the first confirmation of sim-
ultaneous production of the excess heat and one of the
expected nuclear products, “He, in a Pd cathode.

The first reliable observation of simultaneous tritium
and “He production was performed by Chien et al. [8]
giving data showing coexistence of the two nuclear
products and absence of *He in the electrolytic system
Pd'D/Li.
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2.1 Data by C-C. Chien et al. [8]

Detection of tritium, ‘He and *He had been done
simultaneously by Bockris® group in Texas A&M Uni-
versity in an electrolytic system Pd D/Li

The cathode wus a Pd cylinder with a size | cmo
and 1.6 cm long, the anode was @ Pt wire 0.5 mm¢
and 100 cm, electrolyte is 0.1 M LiOD 1n D>O in g cell
with a volume of 80 cm® The distance between the
working and counter electrodes was 2 mm and vielded
an electrolyte resistunce of about 10 Q. The clectrolyvte
liquid was checked for H>O and determined its contem
i the liqud as 1.6% after three days and 9.8% after
22 days of electrolvsis. Electrolysis took place 1n
periods of up to 750 h.

Tritium in the liquid ond in the cathode, and “He
and *He in the cathode were checked. The cuthodes
were cut to determine distribution of nuclear products
in them. Tritium was observed by hquid scintillation
counting and "He and *He were by mass spectrometry.

2.1.1. Tritium

Evolution pattern of tritium in the process of elec-
trolysis was determined in the electrolyte of Pd/D Li
system. It 1s interesting that the result shows an in-
ittation  period  before production of tritium  and
guenching of production by ID-O addition for make
up. The quenched production of trittum was recovered
by increased electrode potential to trigger the reaction.
Total tritium produced in 761 h is determined as 107
atoms in the gas and liquwid assuming the average ratio
between tritium in the gas phase and in the hiquid as 5.
The recorded rate of tritium production varied from
about 2.1 x 10% to 3.8 x 107 atoms ¢m”s.

2.1.2 Helium

It was concluded that "He was not detected while
tritium and *He were detected several times well above
the background level.

Local distribution of *He is observed in the Pd cath-
ode. Excess "He was observed in 9 out of 10 electro-
lvzed Pd samples cut out from electrodes which
produced tritiunm. The amounts ranged from 04 to
166.8 x 10"
the cathode and from 04 1w 235 » 10" atoms g for
those awayv from the surface.

220 Analysis by the TNCEF moded

Analysts of this titium and "He data is pertformed
on the TNCF model similar 1o those given in the pre-
vious paper [6,7] tor the excess heat and THe duia [4]
and also in one {9} for the witium data (3] where a
briet explanation of the TNCF model i given,

The fundumental reaction supposed to occwr in the

atoms, g for samples near the surface of

electrolytic Pd/D/Li system is the n-°Li fusion reaction
in the surtace layer formed on the Pd cathode in the
process of electrolysis:

n+5 Li =1 He(2.1 MeV) + #(2.7 MeV). (1)

with a cross section of ¢,,;=9.4 x 10° barns for a ther-
mal neutron. The surface layer where occurs this reac-
tion s naturally composed of PdD, and PdD,.Li,
alloys with a thickness depending on the electrolysis
condition ranging from 107'=10% um. In the following
calculation, however, it is assumed that the surface
layer is of .1 metal with a thickness 1 pm, for simph-
city.

Furthermore, the abundance of °Li in the Li metal
used in the experiment is assumed as the same to the
natural one (7.4%). The number P, of reactions (1) in
a unit time 1s given by a formula:

Py = 0.35,v,n Vo,il. (2)

2.2.1. Tritium

According to the relation (2), the tritium production
of 2.1 x 10°-3.8 x 107 r/em?s by the reaction (1) gives
the parameter s, of 8.5 x 10%1.5 x 10 cm™. This
value obtained in the cathode of | cm¢ x 1.6 cm is
smaller than the value 3.6 x 10" cm™® determined in
the previous paper [9] for a thin wire with diameter of
1 mme¢p. This 1s consistent with general tendency [5]
that the larger S/V ratio (the surface-to-volume ratio)
of a sample s, the higher the value of », for an event
occurred in it. The SV ratio is 4 and 40 em ™' in this
(1 cm@ ) and the previous (I mme ) samples, respect-
vely.

2.2.2. Helium

First of all,, the data of no *He in the cathode is
consistent with the TNCF mode!l which predicts no
production of *He in the CF phenomenon triggered by
the n—°Li reaction.

The localized existence of *He in the Pd cathode es-
pecially near the surface is explained by the presup-
posed reaction of the wrapped neutron near the surface
[5-7). This is consistent, also, with the experimental
data obtained by Morrey et al. [4] where “He has been
detected in the surface laver of a thickness about
40 pin. In the analysis [5--7] of the data of Morrey et
al.. it was necessary to assume amount of *He in ‘the
cathode is only 3% of total amount produced to
reconcile difference between the number of events re-
sponsible to the excess heat Q (N, =0 (MeV)/5 (MeV)
assuming S MeV per reaction) and the number of ‘He
(Nt Vg Ve 30.

The amount of *He observed in this work is from
2.1 10 1668 x 107 atoms/g, or from 2.1 to 166.8 x 10°
atoms per section (where one fifth of the cathode was



H. Kozima et al. - hrernational Journal of Hydrogen Energy 25 (2000) 509-511 511

divided into five sections). Then. the total amount of
*He is estimated to about 10'*-10'" atoms. From our
viewpoint of the TNCF model (see Eq. (1)), the num-
ber of tritium (N,) should be equal to the number of
He (Nyeo): N7 Ny.. The experimental value of the
total tritium production of 10" tritium atoms given in
Section 2.1.1. and that of 10"-10"" for *He atoms
observed differ by a factor of an order of two or one:

N/ Nhiedeyp = 107-10"

This discrepancy is consistent with the result [6,7]
noticed in the case of the excess heat and “He (Np
Npe-30) in the daty obtained by Morrey et al. [4]. In
this case. it was necessary to assume only a small
amount (3%) of produced helium was remained in the
cathode. The assumed value of 3% *He in the cathode
in this case (Morrey et al.) seems very close to the
necessary value of [-10% to explain the discrepancy
of 10°-10" given above (Chien et al.) in the number of
events producing tritium and “‘He by the TNCF
model.

3. Conclusion

Two fundamental nuclear products, tritium and *He,
expected to exist in the electrolytic system Pd/D/Li,
have been observed simultaneously. The data, together
with the null result for *He, is not consistent with the
d—d reaction assumed by many based on conventional
physics (branching ratios in the parentheses):

d+d=1(1.01 MeV) + p(3.02 MeV) (1), (3)
=3 He(0.82 MeV) + n(2.45 MeV) (1), (4)
=3 He(76.0 keV) + 7(23.8 MeV) (107°). (5)

In the discussion about the reality of CF phenomenon,
it has been usually used a logic where experimental
data are criticized using the reactions (3)~(5) as a cri-
terion. If we leave the bias in which only the d-d direct
fusion reaction is responsible to the CF phenomenon,
we can accept whole of the various experimental facts
as a starting point to investigate possible physics of
nuclei in solids.

The TNCF model used in this paper to analyze the
simultaneous observation of tritium and *He, including
absence of “He, is a trial in this line of consideration.

It seems the model has been apphed successfully to
give a unified and consistent explanation of various
events obtained in the CF phenomenon with a single
adjustable parameter n, in a range of 10°-10'* cm™
and several supplementary premises common to all
events. The success of the model will serve as a starting
point for complete theory of the cold fusion phenom-
enon accomplished in the future.
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