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The generation of tritium was quantitatively mea-
sured in an electrolytic cell with a nickel cathode and
a platinum anode in potassium carbonate-light and
heavy water solutions. Simultaneously, the evolution
of a large amount of excess heat (70 to 170% for the
input power) was observed during electrolysis of these
solutions. The tritium generation by electrolysis pro-
vides some of the most conclusive evidence for so-
called cold fusion, along with the calcium generation
described in a previous paper. On the basis of the cur-
rent experiments and the knowledge of the kinetics of
a hydrogen evolution reaction in an alkaline solution,
the nuclear reactions taking place are worth mentioning.

I. INTRODUCTION

The evolution of extraordinarily large excess heat
(200 to 360% for the input power) and the production
of calcium ions were observed during the electrolysis
of a potassium carbonate solution of light water by
using a porous nickel cathode.! It was concluded that
the main cause of such large excess heat might be the
following nuclear reactions of potassium and a proton,
both of them being the intermediates of the hydrogen
evolution reaction?:

BK + 1p — $3Ca + 8.33 MeV %))
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and
WK + 'p — 33Ca + 10.3 MeV . Q)

As has been shown in the preceding paper,? the hydro-
gen evolution reaction on the low overvoltage metals,
i.e., platinum group metals, silver, gold, titanium,
nickel, and so forth, is composed of the following ele-
mentary steps in the solution of alkali metal, alkaline
earth metal, Co?*, and other cations:

M"™ + nem — M(I) , D
M)+ nH,O — M" + nH, + nOH~ , (ID)

and
2H, -~ H, , (1)

where M"t, M(I), and H, denote the metallic cation,
the intermediate of the intermetallic compound formed
between the cation and the electrode metals, and that
of adsorbed or absorbed hydrogen species on or in the
electrode, and ——, rate determining, respectively. It
has been shown in the cases of platinum and nickel
cathodes?? that intermediate M (J) accumulated in the
surface layer of the cathode whose thickness attained
more than 100 monolayers. It is naturally expected that
the intermediate M (/) was undergoing cold fusion with
another intermediate H, being in the solid solute form
in the vicinity.

The tritium generation during electrolysis of a heavy
water solution of LiOD was reported in the first paper
for cold fusion proposed by Fleischmann and Pons*
and after that many efforts have been made to confirm
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it around the world. Two years after the statement by
Fleischmann and Pons, Mills and Kneizys> proposed
that such an excess heat evolution due to electrolysis
took place in a light water solution of K,CO3 on a
nickel cathode. That was reexamined by Noninski.® In
parallel with these experimental studies, Bush predicted
the nuclear fusion between potassium and hydrogen,’
but mentioned nothing about the chemical state of
these reactants and their supplying route. The experi-
mental result obtained by Srinivasan et al.® indicates
that tritium is generated even in light water solutions
of Li,CO; and K,COj; as well as in a heavy water so-
lution and their mixture of a light and heavy water
solution on a nickel cathode. There are some possibil-
ities of other nuclear reactions and other causes of heat
evolution in these electrolytic systems besides reactions
(1) and (2). The aim of this work is to observe tritium
generation during the electrolysis in order to find pos-
itive evidence of cold fusion.

Il. EXPERIMENTS

ILA. Electrolytes

Electrolytes used for the observation of tritium
generation were 0.5 mol/f K,CO; (Cicca, Extrapure)
solutions of light water and deuterium oxide (Merck
deuteration degree not >99.8%). The light water de-
scribed here means a subterranean one that was pumped
up in the campus (tap water) of Hokkaido University
and purified twice by ion exchange and distillation.

I1.B. Electrolytic Cell and Electrolysis

The structure of the electrolytic cell and the mate-
rial of the porous nickel cathodes (0.05 cm?3 + 10%,
for example, 1.0 X 0.5 cm in size, and 0.1 cm in thick-
ness) were nearly the same as in the previous work,’
except for the main part of the cell vessel, which was
made of quartz glass and not cooled directly by any air
or water stream during electrolysis. Moreover, during
electrolysis, the electrolyte (20 ml) was not stirred by
hydrogen bubbling.

A mercury thermometer (0 to 50 + 0.05°C) was
used for the measurement of the electrolyte’s tempera-
ture in the cell. The electrolysis was carried out in a dark
chamber made of a lead wall of 10-cm thickness, which
was settled in an air-conditioned room at 20 + 1°C.

The electrodes were polarized galvanostatically and
at that time the potential difference between the cath-
ode and the anode in response to the current and the
electrolyte’s temperature were recorded. A heavy wa-
ter electrolyte was used for the experiment for com-
parison. The input power W,,,,, was estimated on the
basis of the following equations:

Wiwpuw = I- (E — 1.48) for a light water electrolyte
(3)
180

TRITIUM GENERATION AND EXCESS HEAT

or
Winpu = I- (E — 1.54) for a heavy water electrolyte ,
4)

where I means the electrolytic current and E means the
potential difference between the test electrode and the
counter electrode. In each experiment, electrolysis was
carried out for 6 to 26 h.

1I.C. Tritium Measurement

After electrolysis, the amount of tritium in the elec-
trolyte was measured by means of a liquid scintilla-
tion analyzer (Packard-CA 2550), which is down in
the second basement of a building to keep the back-
ground value low and not fluctuating, and the amount
was expressed as the normalized generation rate of 3¢,
becquerel-value per 20 ml (volume of the electrolyte),
but the decrease of the electrolyte’s volume due to elec-
trolysis (maximal 3.5 ml) in each run was taken into ac-
count. All radioactivity measurements of the samples
were counted in the energy region of emission rays, 0
to 18.6 keV. The comparison of the energy spectrum be-
tween the experimental samples and the standard sam-
ple of 3¢ revealed that the counts per minute (cpm)
observed in the region of 0 to 18.6 keV was due to the
disintegration of *¢. Checking the shape of the spec-
trum, the 3¢ amount of each sample was determined by
cpm values in the region of 0 to 18.6 keV. The efficiency
of the count against the disintegration rate per minute
(dpm) of 3¢, i.e., cpm/dpm, was determined to be 0.34
by use of the standard *¢ sample. The counting vials
were made of glass of low “°K content, and volumes
were ~20 ml. The samples for the tritium measure-
ment were prepared by the following procedure. Each
sample of the electrolyte in the amount of 1 ml was
mixed with 10 ml of a scintillator (Packard, Ultima
Gold). A duration for each tritium measurement of the
sample was 30 min. The background value of this scin-
tillation analyzer, which was usually kept very stable
and found to be 4.4 + 0.4 cpm in the energy region of
emission rays, 0 to 18.6 keV, by use of 1-ml distilled wa-
ter instead of the subject solution, was checked before
each measurement.

]1.D. Excess Heat Measurement

The cell constant was found to be 11.0 + 0.1°C/W
in the same vessel of quartz glass that was filled with
20.0 = 0.05 ml of the electrolyte and put in the dark
chamber as described earlier, but a nichrome wire heater
with a resistance value of 10 Q was settled in the cell in-
stead of the cathode. The cell constant was reciprocally
proportional to the volume of the electrolyte in the re-
gion, 15 to 20 ml. The excess heat (E-H) was determined
as the following ratio of the increase in the electrolyte
temperature due to electrolysis AT, measured at each
final moment of the electrolysis to that evaluated from
the cell constant AT}, at the same input power W,
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for both AT’s, where the effect of decrease of the elec-
trolyte’s volume due to electrolysis (maximal 3.5 ml) on
the cell constant was taken into account:

E-H=(A Totoc — ATheq) /DT e - (&)

lll. RESULTS AND DISCUSSION

Some experimental results observed in 0.5 M
K,COj solutions of light and heavy water, are summa-
rized in Table 1. In the series of these experiments, a
cathode was used for the electrolysis, which had been
polarized more than 100 h before this series. The ex-
periment numbers in Table I and also in the following
table denote the order of execution of the experiments.
The experiments from 0, 0, 1 to 3 and from 0%, 4to 5
in Table I were continued one after another without in-
terruption except for renewing the electrolyte.

It is quite apparent from Table I that *¢ is gener-
ated certainly during the electrolysis in both cases of
light and heavy water solutions. But, the experimental
result does not indicate that the generation rate of 3¢
is simply corresponding to the atomic fraction of deu-
terium of each solution. Incidentally, a little value of
Bq/20 ml of experiment 0’ may be mainly due to the
radioactivity of “°K contained in the solution, but not
due to 3¢, because of its little natural content.

TRITIUM GENERATION AND EXCESS HEAT

The results of experiments 1, 2, and 3 show the pos-
sibility that the cathode had included some amount of
tritium before these experiments. Another series of ex-
periments with a new cathode were carried out to ob-
serve the results not affected by the history of a cathode
and to eliminate this concern. Moreover, in these ex-
periments, the cathode was left at the rest potential in
the electrolyte a certain time denoted by ¢, after elec-
trolysis, because just after switching off the polarizing
current, the cathode continued to generate hydrogen
gas and there was the possibility to change the tritium
concentration of the electrolyte. The results thus ob-
tained by use of a new cathode are shown in Table II.
It is obvious from Tables I and II that the results did
not show any simple relationship between the amount
of 3t generation and the other factors, i.e., polariza-
tion current /, input power W, and rest time ..,
but comparison of the amount of 3¢ with the value of
the excess heat reveals a roughly linear relation between
them. Each electrode cut off from the same material
may show the specific slope of the relation (see Fig. 1).
Besides, it is found that there is no essential difference
of the results between worn and new electrodes shown
in Tables I and II, respectively, and the results are
hardly affected by ¢, longer than 20 h,

The excess heat observed in the present work was
roughly equal to a half of that in the previous work.!

TABLE 1

Generated Amount of Tritium and E-H During Electrolysis in 0.5 M K,CO; Solutions of Light and
Heavy Water by Use of a Worn Cathode Before This Series of the Experiments

Experiment I E Duration W input Tin cent E-H 3¢
Number Solution (A) V) (h) W) O (%) (Bq)
Accuracy (+) 0.001 0.01 5 min =5% 0.15 =5 =5%
0 H,0? 0.00
0’ H,O" 0 22 0.31¢
1 H,O 0.300 -3.29 6 0.54 36.0 169 9.13¢
(36.5)¢
2 H,0O 0.300 —3.48 6 0.60 35.2 130 8.23¢
(32.9)¢
3 H,O 0.300 —3.57 22 0.63 35.5 124 6.33¢
(6.91)¢
0" D,0O¢ 32.3¢
4 D,O 0.300 -3.70 26 0.65 35.0 110 426°
(393.2)¢
5 D,O 0.400 —4.19 26 1.06 40.1 72 54,9¢
(50.7)¢

2Pure water.
YElectrolyte with the nonpolarized cathode.

°Bq denotes the amount of 3¢ generated in 20 ml electrolyte.

9Bq° for 24 h.
¢Electrolyte without any electrode.
FUSION TECHNOLOGY
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TABLE 11

Generated Amount of Tritium and E-H During Electrolysis in 0.5 M K,CO; Solution

of Light Water by Use of a New Cathode

Experiment I E Duration W inpus Tin ceit Lrest E-H 3
Number Solution (A) V) (h) (W) °C) (h) (%) (Bq)
Accuracy (%) 0.001 0.01 S min =5 0.15 5 min <S5 <5%

0 H,0? 0.00

0’ H,0P" 0 0 0.00

1 H,0 0.350 -3.76 26 0.80 36.0 20 82 1.59¢
(1.47)¢

2 H,O 0.400 -3.83 24 0.94 38.5 74 78 2.60°¢
(2.60)¢

3 H,O 0.440 -3.90 21 1.07 38.7 46 108 2.88¢
(3.29)¢

4 H,O 0.250 —3.38 26 0.48 32.0 73 127 3.24¢
(2.99)¢

2Pure water.
bPure water with the nonpolarized new cathode.

“Bq denotes the amount of *r generated in 20 ml electrolyte.

dBq¢ for 24 h.

Such a decrease of the excess heat might be due to the
change of the experimental conditions described ear-
lier. Especially, the omission of cooling the cell affected
the rates of the nuclear reactions. It seems that a rise
of temperature in the cell greatly increases the rate of
step (II1) and diffusion of potassium in the electrode
rather than that of step (I) on the basis of the compar-
ison of the activation energy among these steps and
consequently decreases the densities of the intermedi-
ates, especially M (1) accumulated in the surface layer

10 =
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= €
§of 18
— ~
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‘—9/0
0 1 L
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EH %

Fig. 1. Relations between generation rate of 3 and evolved
E-H during electrolysis concerning the results of ex-
periments 1, 2, and 3 in Table [ (®) and experiments
1 through 4 (o) in Table II.
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of the cathode. The activation energy of step (I) on
nickel was determined to be 3 kcal/mol from the re-
sults of the galvanostatic transient study,? but that of
the overall reaction on nickel and the self-diffusion
of potassium quoted from the literature,” were at 8 to
14 and 9.8 kcal/mol in the temperature range of 0 to
60°C, respectively.'?

The experimental results just described reveal that
tritium was generated during the hydrogen evolution
by electrolysis on a nickel cathode of light and heavy
water solutions of potassium carbonate. The follow-
ing reactions were presented as the most likely ones to
generate 3¢:

2d+2%d—3t+1p 6)
and
2d+ 2d + *d — 3He + 3¢ . )

It may easily be imagined that the hydrogen intermedi-
ate of deuterium (D,) expressed by H, in the elemen-
tary step (II) can be formed in the solid of the electrode
metal at the boundary layer and occurs in reactions (6)
(Ref. 4) and (7) (Ref. 11). If 3¢ is not spent for any nu-
clear reaction, the hydrogen intermediate of tritium 7,
formed thusly diffuses to the surface of the nickel cath-
ode and changes to a water molecule almost HTO
through a step of the reaction with OH ™, on which the
quasi-equilibrium state is held, but not the recombina-
tion step (I11) because of the recombination mechanism
as described earlier. Consequently, hardly any of the
fusion product 3¢ goes outside the cell as 7.
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On the basis of the results concerning heavy water
as well as light water, it was disproved that the evolu-
tion of the excess heat during electrolysis was due to
only the individual reactions generating *¢ described
earlier, because the generation rates of > were far less
than that of calcium,! even in the electrolyte of heavy
water. It may easily be imagined that 3¢ is undergoing
further nuclear reactions accompanied by intermediates
of the expected nuclear reactions and of the hydrogen
evolution reaction, for example, 'n, !p, 2d, *He, “He,
WK, 4K, *°Ca, “*Ca, and so forth in nickel,
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