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Tritium activity has been measured in1 several Pd-Ni-D,O
electrolytic cells, as reported previously '’ ‘5 At thesprese%t
time 13 separate cells have shown tritium at 10° to, 10 times
the background level of the D.O used in these experiments. The
appearance of the activity in“the electrolyte and .in the gas
phase occurs over a period of hours to a.a few days after
remaining at or near the background level during 4-10 weeks of
charging in 0.1 M LiOD, D,0 solution. The present paper deals
with attempts to reproduce® the tritium measurements and to
establish the source, from either f‘contamination or nuclear
reaction.

The sudden appearance of tritium® activity in the cells
requires the tritium to be loaded “in a component prior to the
beginning of cell operation in a contamination model. Release
is assumed to be caused by rdeterioration of one of the
materials used in the 0.1 M LiOD.solution. 1In an extensive set
of tests, no contamination has been found in the starting
materials or in normal water blanks. Results for neutron and
gamma-ray correlations . have' proved to be negative also. The
limit_set on the absence of 2.5 MeV neutrons for the t/n 3ratio
is 10" from that expected in the d+d reaction, and 10 for
14 MeV neutrons expected from the t+d secondary reaction.
Similarly, Coulomb '‘excitation gamma rays expected from the
interaction of 3 MeV 'protons with Pd are found to be absent,
which indicates that the d(d,p)t two-body reaction does not
occur 1in the ' Pd electrode.

*This work supported by the Office of High Energy and Nuclear
Physics of ‘the U.S. Department of Energy under contracts
DE-FG05-86ER40256 and DE-FG05-88ER40437.

1) K.L.Wolf,et al, Workshop on Cold Fusion, Santa Fe,N.M. 1989
2) N.J.C. Packham, et al, J. Electroanal. Chem. Oct.7,1989.

8-1



Introduction

The present paper deals with the search for the source of
significant levels of tritium that have been found in Pd-Ni-D_O
electrolytic cells. Observations are given on the appearance®of
tritium in the cells, and two experiments are described which have
attempted to correlate the tritium with neutron and gamma-ray
emission. In the absence of a direct correlation with a live-time
nuclear effect, a strict program of sampling and blanks must
be followed in order to check for contamination. Results are given
from the initial phases of such a study.

Tritium from Electrolytic Cells - Verification

Activity attributed to the beta decay of tritium was first
detected in samples of electrolytes from cells at TAMU utilizing in
situ liquid scintillation counting performed by the Health~ Physics
Department. A detector was constructed at the Cyclotron Institute for
detailed measurements of the energy spectra. Figure l.shows the
results of a measurement presented as a traditional Kurie plot, in
order to determine the beta endpoint energy for identification. Good
agreement is obtained with the expected value of 18 keV for tritium
beta decay. A comparision with a tritium standard .provides agreement
to the 2% level at all parts of the spectrum.. Samples from four cells
have been measured in this fashion, including ‘activity from catalytic
recombination of H, and O, gases evolved from a cell. An 18 keV
endpoint energy frém an aétivity carried in'the gas phase leaves no
doubt that tritium activity is being measured. Quantitative
measurements by fqur outside laboratories confirm the validity of
these meaurements®, but the type of-energy measurements is
unknown.

The Appearance of Tritium

Table I shows a compilation of the data collected by two research
groups at TAMU for 13 electrolytic cells. The background level of the
tritium activity in the 'D_O used is approximately 160 d/m which can be
compared to the rates in %able I. Usually four times the cell volume
of 15 ml has been used over the lifetime of a cell. Thus one need not
consider separation flctors or selective distillation in most of the
samples documentated.“Conservation of mass dictates the elimination of
concentration mechanisms as a viable explanation. Another cell not
included in Table /I produced tritium at 12 times the background level,
but had a titanium cathode and is not discussed here.

An activity“ws time measurement was conducted in six of the 13
cells mentioned in Table I, which provides more information. Figure 2
shows the most detailed series of timed gssays. After the cell was
charged at a current density of 602ma/cm for four weeks, the current
density was increased to 500 ma/cm“ at the start time of Fig.2. It can
be seen that the tritium activity in the electrolyte built up within a
few hours. Simailarly, Fig.3 shows a plot of the tritium activity in
the electrolyte vs the date of assay. A buildup of tritium occurs
within a 48 hour period correlated with a period of high cell current.
The constant activity levels and later decreases are interpreted as
the end of production and displacement, respectively with continuuing
electrolysis. Tritium activity appears during a period of high current



density or after such a period within a few days. On the basis of the
six cells which have been followed with tritium assays, no significant
tritium activity was detected with only low current conditions.
Another significant feature involves three cells which were fitted
with separate recombination catalyst cells to provide a measurement on
the tritium level in the gas phase. In all cases the concentration of
tritium was much higher in the recombinant D.O compared to the
electrolyte, which is opposite to that expec%ed from separation
factors. Cell C-8 in Table I produced a factor of 300 times more
tritium in the gas phase, both in concentration and in integrated
activity. This factor is comparable to the recombination rate measured
for these cells. CT%l C-8 showed the highest total amount of tritium
totalling about 10 atoms, but it is not the highest level observed
in the electrolyte. The gas phase / electrolyte ratio of integrated
amounts of tritium is quite variable. In a second larger cell C-9 with
a volume of 100 ml the total activity is higher in the electrolyte. As
described later, only a tritium concentration is known for the
recombinant for cell D-6 with most of the remaining activity
introduced into the electrolyte from the recombinant. At least an
order of magnitude more tritium was produced in the.gas phase than in
the electrolyte from this small 15 ml cell. Many - factors can be
thought of which could influence the amount of tritium that exchanges
with the D,0 in the electrolyte, such as thé distance traveled by
bubbles ana the degree of saturation of gases in the electrolyte at
the time of tritium ehission.

Cell Design

Figure 4 provides a schematic of the rather simple design for
most of the cells used in the present .study. A 12-15 ml pyrex
centrifuge tube is used to provide a compact design, chiefly for a
large solid angle in the neutron experiments. No cooling water was
used to avoid degradation of neutron spectra, thus the cells run at
elevated temperatures near boiling during high current periods. The
cathode consists of a 1 mm diameter Pd wire approximately 4 cm in
length. The cyclindrical anode is made of_Ni mesh. Cell potentials are
2.5-3 volts while charging at 50-60 ma/cm“and up to 15 volts at high
current density, 500ma/cm“. Black-green NiO is formed and settles to
the bottom of the cell, but does not adhere to the cathode. Cells are
charged for at least .a month before a 10- 12 hour period of high
current is applied. 'This procedure is repeated until a Ni-wire
electrode connection fails, up to three months. Cell C-7 in Table I
showed a low yield of tritium after one week of charging and a period
of high current,which is the shortest production time found.

Neutron Detection

A system based ont 3" X 5" NE213 liquid scintillators(Fig.5) has
been used to provide a low background measurement for neutron
emission. Pulse shape discrimination methods are used to reject gamma
rays resulting in a background of 0.5 c/m for 5% total efficiency. An
active cosmic ray shield of 1/4" plastic scintillator surrounds a
passive shield of 10-12" thick parawax and the neutron detector
situated within. The principal source of background is from the
neutron component of the cosmic ray showers. The principal advantage
of this type of detector is the measurement of the neutron energy
spectrum. The system is sensitive to neutrons ranging from 1 to



50 MeV. Neutron energy spectra measured previously aye indicative of
a neutron energy of 2.5 MeV expected from the d(d,n) He reaction as
shown in Fig.6, correspondig to cell C-D in Table I. The region above
2.5 MeV is found to be useful in detecting cosmic ray showers and thus
can increase the sensitivity somewhat. The present paper uses the
neutron data to establish limits due to the lack of 2.5 and 14 MeV
neutrons in correlation with tritium measurements.

Gamma-Ray Detection

A 25% intrinsic germanium detector was active for six D_O cells
for the entire cell lifetimes in the study described later.“Passive
lead shielding was used to minimize gamma-ray background
contributions. The excellent resolution of a germanium detector
provides an unambiguous identification, in this instance for the lower
levels of the palladium isotopes in the 300-600 keV region. Figure 7
shows a sample spectrum covering the energy range from 80-3200 keV.
Coulomb excitation of the Pd isotopes is expected by the 3 MeV protons
from the d(d,p)t reaction, if it occurs. The overall efficiency of the
detector is approximatg;y 1%, which along with the probability of
Coulomb excitation (10 ') means the method is not one of the most
sensitive. For the tritium production observed.in cell D-6, a
significant limit was set as discussed later.

Neutron-Tritium Correlations 4

Cell C-D listed in Table I showed two instances of neutron
emission approximately 2 hours in duration each at levels of,30-

60 n/min , and also showed tritium corresponding to 1.6 X 10 atoms.
The apparent branching ratio, equal to the t/n ratio, is 10 instead
of 1:1 expected from measurements-at normal fusion energies for the

d + d reaction. The unknown factor here is whether or not the cell was
counted for neutrons at the correct time, since cell C-D was not
followed with timed assays. The next stage in the correlation was
attempted with the same electrede which was melted and reformed to
insure the absence of tritium, and the cell was neutron counted for

1 1/2 months. A period of neutron emission was observed but no tritium
was produced above background levels.

Cell C-G was neutron counted during a period of positive tritium
production as shown previously in Fig.3. The neutron count rate is
plotted in Fig.8 along with the periods which were defined by the
tritium assays, A'small increase in the neutron rate given over 100
minute interyals shows a slight increase at the time of cell current
increase, but is not regarded to be statistically significant.

Over a748 hour: period a lower limit on the t/n ratio is determined to
be 7x10°. If there were a 1large enhancement in the t + p branch,
further difficulties are,encountered because of the lack of 14 MeV
neutrons from the d(t,n) 'He secondary reaction which would ge efpected
to occur from the 1 MeV tritons. The discrepancy here is 10°-10",
depending upon where the reaction takes place ( surface,volume).

Tritium-Gamma Ray Correlations

The neutron measuYements suggest strongly that either something
quite unexpected occurs in nuclear reactions, or that we have been
observing tritium contamination initially buried within the cell
components. Laboratories and equipment have been checked thoroughly
and it is clear that no widespread contgmination is present. Samples
of Pd and Ni have been checked at LANL™ and no tritium was found.
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