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Reduced radioactivity of tritium in small titanium particles *

Otto Reifenschweiler !2

Philips Research Laboratories, Eindhoven, The Netherlands

Received 23 November 1993; accepted for publication 7 December 1993

Communicated by A. Lagendijk

By heating a TiT, o35 preparation consisting of extremely small monocrystalline particles (¢~ 15 nm) a decrease of the radio-
activity by 40% was observed. In further experiments the concentration of tritium in such preparations was varied (TiT, experi-
ments) showing that the radioactivity of the tritium increased less than proportionally to its concentration. Careful analysis of
the experiments seems to rule out the possibility of trivial errors. A provisional hypothetical explanation is formulated. Our

experiments may point to a connection with cold DD-fusion.

Several recent publications deal with “cold fu-
sion” of deuterons suitably absorbed in solid matter
(e.g. Pd or Ti) [1-3] and although some difference
of opinion may still exist as to the interpretation of
the results, they have certainly stimulated renewed
interest in the question whether nuclear phenomena
can be influenced by the atomic and electronic en-
vironment. In this connection the author wants to
report some curious results obtained many years ago
in the course of technological projects [4-8] based
on the use of the hydrogen isotope tritium absorbed
in titanium [9-11], It seems to me that it would cer-
tainly be worth repeating these experiments with up-
to-date experimental technology, but unfortunately
I am no longer in a position to do this myself #!.
Hence this communication.

In our experiments the titanium preparation was
made by evaporation of the metal in argon at a suit-
able pressure, e.g. 0.5 to 2 cm Hg [4,6]. It was de-
posited as a kind of soot, consisting of monocrys-
talline particles about 15 nm in diameter, arranged

* Work carried out at the Philips Research Laboratories,
Eindhoven, The Netherlands.

! Retired Chief Physicist, Philips Research Laboratories.

2 Present address: Jan Sluytersweg 13, 5645 JA Eindhoven, The
Netherlands.

¥ A more detailed description of our experiments with propos-
als to improve the experimental technique can be obtained on
request from the author.

Elsevier Science B.V.
SSDI 0375-9601(93)E0960-I

in chains, on the inner wall of the measuring vessel.
In fig. 2 of ref. [4] and fig. 1 of ref. [6] electron mi-
crographs of such preparations are shown. After the
argon was pumped out the tritium was added and
was completely absorbed within a few seconds. This
was confirmed by hundreds of experiments. In one
part of the experiments the electron current (p-par-
ticles and secondaries) was measured by a vibrating
reed electrometer via a cylindrical electrode placed
inside the vessel. In several other experiments there
was a thin steel window to enable the x-radiation ac-
companying the B-decay (internal and external
bremsstrahlung and characteristic X-rays [12]) to
be measured by a GM-tube (fig. 1). Various exper-
iments established for both detection systems the
linear relationship between the read-out and the
activity.

In one experiment [5] a TiTggg35 preparation (48
mg Ti, 100 mC T,) is slowly heated (duration about
10 h) in the arrangement of fig. 1 and the radioac-
tivity is measured by the x-radiation. The tritium
which is released — if any — is pumped out contin-
uously. Figure 2, graph A gives the count rate as a
function of temperature. The increase of tritium
pressure during the heating of an identical prepa-
ration is determined in a separate experiment in a
sealed-off tube (graph B). It is very strange that the
radioactivity a decreases sharply between 115°C and
160°C by 28% followed by a slower decrease, reach-
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Fig. 1. Experimental arrangement for the relative measurement
of the B-activity as a function of temperature measuring the x-
radiation by a GM-tube.

ing 60% of its initial value at 275°C, and then rises
steeply to the initial value at 360°C (graph A). With
further increase of temperature the count rate de-
creases fast due to decomposition of the preparation
and hence the loss of tritium. The first decrease of
radioactivity between 115°C and 275°C, however,
cannot be explained by decomposition of the prep-
aration. Graph B shows that there is no measurable
release of tritium below about 300°C (confirmed by
many experiments). But the strongest evidence that
no tritium is lost at the first decrease of radioactivity
between 115°C and 275°C is the re-increase of the
count rate between 275°C and 360°C.

In two other experiments carried out under dif-
ferent conditions a similar decrease and increase of
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Fig. 2. Graph A: Count rate as a function of temperature in the
pumped system. Graph B: Tritium pressure as a function of tem-
perature in the closed system.

the radioactivity with increasing temperature was
observed. But there was also one experiment with a
10 times higher concentration of tritium and a
roughly 5 times faster increase of temperature where
the decrease of count rate did not occur.

To arrive at an explanation of the strange result
presented in fig. 2 we proceed in the following way:
If » is the number of GM-counts per second, Nt the
number of tritium atoms, A the decay constant and
« the counting efficiency, then we have

nzalN’r .

As was explained above, we are convinced that the
decrease of n between 115°C and 275°C cannot be
caused by a decrease of Nt. The counting efficiency
o comprises the efficiency of generation of internal
and external bremsstrahlung and of characteristic X-
rays by the B-electrons of tritium [12], the overall
geometrical factor (only a very small part of the gen-
erated X-rays hit the GM-tube) and the counting ef-
ficiency of the GM-tube. The generation of internal
bremsstrahlung is independent of external condi-
tions and’thus proportional to the number of B-elec-
trons. A change of the efficiency of generation of ex-
ternal bremsstrahlung, of characteristic X-rays and
of the overall geometrical factor between 115°C and
275°C would require a considerable migration of tri-
tium, although — as was explained above — no tritium
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was escaping from the titanium layer. Such a migra-
tion seems thus impossible. The counting efficiency
of the GM-tube was tested several times and may be
assumed constant during the experiment. Thus it is
hard to see that the counting efficiency @ could
change at temperatures between 115°C and 275°C.
It is calculated that &=4.2%10~? at the beginning
of the heating experiment.

So we are almost forced to assume a decrease of
Abetween 115°C and 275°C during our experiment
even though no physical effect is known that brings
about such a high change of radioactivity [13].

In order to obtain further evidence for a change of
A another series of experiments was made at room
temperature. The concentration x of the tritium was
varied in a finely divided TiT, preparation and the
corresponding increase of the emission current caused
by the B-electrons of tritium was measured (TiT, ex-
periment ). In these experiments a substantial devia-
tion from the expected proportionality between cur-
rent ;i and concentration x was observed: Ai/Ax is
not constant with increasing concentration x but
shows characteristic variations. In one of these ex-
periments 3.6 mg Ti was deposited as a finely di-
vided preparation with particle size of about 16 nm
on the inner wall of the measuring vessel (a bulb of
10 cm diameter covered inside by a Au layer). After
removing the evaporator a cylindrical electrode of 5
cm diameter and a length of 8 cm was lowered into
the centre of the bulb, the system was sealed off and
a negative voltage U= —252 V was applied to the Au
electrode carrying the TiT, preparation. With this
voltage the i=f(U) curve (current-voltage charac-
teristic) was nearly horizontal. The small accurately
determined quantities of tritium were added succes-
sively and the increase of the current Ai/Ax was
measured. By recording the tritium pressure using a
special tube which measures the B-emission of the
gaseous tritium it was ascertained that the tritium
has been absorbed completely after each addition.
Figure 3 shows the result. With increasing x Ai/Ax
first decreases reaching a minimum of about 55% of
its initial value at x~3X10~* and then increases
again to the initial value at x~5x 104,

Again we can write the number of the detected B-
electrons per second n determined from the emission
current as
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n=0ANr or i=dig,

where i is the measured current and /s the f-emission
current.

The number of tritium atoms Ny absorbed in the
preparation and with it Ax and x were carefully de-
termined at each addition of tritium as stated above.
The counting efficiency J§ contains a possible ab-
sorption effect of the B-electrons in the titanium and
the overall geometrical factor consisting of the loss
of electrons not hitting the central electrode and the
addition of backscattered and secondary electrons
from the Au backing of the TiT, preparation. The
mean thickness of the titanium preparation was de-
termined as 25 nm, which is about the range of 1 keV
electrons [14]. Thus the absorption effect of the ti-
tanium is very small. Furthermore from several ob-
servations a uniform distribution of the tritium in
the Ti preparation is concluded, the small absorp-
tion effect does not change during the experiment
and is thus negligible. Furthermore we cannot see any
reason why the overall geometrical factor should de-
pend on x. We thus come to a constant counting ef-
ficiency d during the experiment. At the beginning of
the experiment it was determined as d=0.89. We may
thus conclude that the measured current i is pro-
portional to the B-emission current of the tritium in
the preparation and the increase of the measured
current Ai/Ax may be replaced by the increase of the
radioactivity Aa/Ax in the preparation.

There was also an experiment in which the radio-
activity was determined by the x-radiation as in our
heating experiment and where a course of Aa/
Ax=f(x) of the same kind as that shown in fig. 3
was obtained.

So we are once more forced to the conclusion that
we have to look for a decrease of A4 of the added tri-
tium. However, as stated above with the heating ex-
periment such a marked change of A is never ob-
served experimentally [13] and unfortunately there
is no theory that can describe such a pronounced de-
crease of A. It may be that current theory has over-
looked some effects that might occur because of the
rather special conditions: emitted electrons have to
find their place among the electrons of extremely
small single crystals. But it seems unlikely that this
can cause a 40% decrease of 4 in out heating exper-
iment and also the roughly 45% decrease of A of the

151



Volume 184, number 2

% “ HH{

Aa/ Ax (%)
2
T

=

(M /AK)

PHYSICS LETTERS A

i

3 January 1994

100%

e
D

B3
Ax=22.10

ox 10!

x (TiT,)

Fig. 3. Increase of radioactivity Aa/Ax as a function of concentration x. Evaporator removed.

added tritium at the minimum of the Aa/Ax=f(x)
curve,

Even more puzzling are the following results: In
two independent experiments Aa/Ax was found to
decrease at x~3x 1073 to very low values of a few
percent of the initial value. This observation, how-
ever, is not quite certain because the evaporator was
not removed from the measuring vessel and could
have absorbed some tritium. But during the course
of these experiments several additions of tritium were
followed by a decrease of the radioactivity (Aa/
Ax<0), which even continued when all tritium was
absorbed. This extremely strange behaviour cannot
be explained by absorption of tritium by the
evaporator.

Under these circumstances it seems justified to put
forward a highly unorthodox hypothesis, the nuclear
pair hypothesis. If we assume that tritons absorbed
in the extremely small single Ti-crystals can combine
into pairs and that the decay constant of such a pair
is much smaller than that of a free triton, then the
observed behaviour of all TiT, experiments can be
explained.

The author — though well aware that the experi-
mental evidence is rather limited and that a theo-
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retical foundation is lacking - feels strongly attracted
by this idea of nuclear pairing with reduced radio-
activity and he believes that it might have other ap-
plications. The author hopes to come back to these
questions in later publications.

It should be obvious that our results might also
have a bearing on cold fusion [1-3]. As a first step
I should like to propose experiments with deuterium
absorbed in preparations of finely divided hydrogen
absorbers (Ti, Pd or others) as used in our tritium
experiments and at temperatures between 100°C and
the dissociation temperature.

I am grateful to Professors H.B.G. Casimir, H.L.
Hagedoorn, J. Kistemaker, D. Lenstra, M.J. Steen-
land and M.J.A. de Voigt for their interest in
this work and for encouraging and stimulating
discussions.
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