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TRITIUM AND NEUTRON HEASUREMENTS OF A SOLID STATE CELL

T. H. Claytor, P. A. Seeger, R. K. Rohwer
D. G, Tuggle, W. R. Doty

los Alamos Nstional Laboratory

Abstract:

A solid state "cold fusion" cell was constructed to test for non-
equilibrium fusion in a solid. The stimulus for the; design was the
hypothesis that the electrochemical surface layer in the, Pons-Fleischmann
cell could be veplaced with & metal-insulator-semiconductor (MIS) barrier.
Cells were constructed of alternating layers of palladium and silicon
powders pressed into a ceramic form and exposed todeuterium gas at 110
psia resulting in a D/Pd racio of 0.7. PulsSes of current were passed
through the cells to populate non-equilibrium gtateés at the MIS barriers.
One cell showsd neutron activity and was found ‘to have a large amount of
tritium, other cells have produced tritium at s low rate consistent with
neutron emission below the threshold of observability. The branching ratio
for n/p has been about 1 x 10~ in all'the experiments where a substantial
amount of tritium has been found.

Introduction.

Recent expariments 1,2,3.4 have ifndicated that slectrochemical celle are
producing mneutrons, tritium; and perhaps heat via an unknown new “cold
fusion” process. These cells seem to be remarkably sensitive to palladium
surface preparation, electrolyte impurities and exact cell configuration.
It is reasonable to gksume that the fusion mechanism is a near-surface
phenomenon dominated “by the high concontr!fion of deuterium electrically
driven into the msterial. It is known that electrochemical surface
barriers are similar” (electyically) to the barrier at metal-semiconductor
or metal-insulatér-gemiconducror contacts., Therefore, it was decided to
try and fabricate a MIS device from palladium and slightly oxidized

silicon. To achieve a large surface area, palladium and s{licon powders
ware used in & pressed configuration,

Appnrltﬁlz

The configuration of the cell is shown schematically in Figure one. The
layers were pressed into the ceramic form at a pressure of 11.2 MPa
resulting a density of 26% dense material for the palladium snd 75% dense
material for the silicon. The bellevills washers at each end maintaln a
constant pressure of 3.3 MPa as the palladium swells during deuteriding.
Deuterium gas at a pressure of 0,76 MPa was used to deuteride the samples
resulting in a D/Pd. ratio of 0.72. Table one lis. s the gas analysis of
the three bottles that were used to fill the cells as well as the analysis
of the major impurities in the silicon and palladium, Bo'h the silicon and
palladium powders are coated with an oxide layer which s thought to be



important. The sillcon oxide layer is approximately 150 A thick. Figure 2
shows the unusual morphology of the palladium powder (formed during
precipltation) and alsc the silicen powder size and shape. After pressing,
the powder .s as shown in figure 3.

A voltage current plot of the cell indicates that the resistance of the
cell is primarily controlled by the silicon oxide layer. Shown in Figure &
are the V-I curves, for cells 10 and 12. Typically the curves are highly
non linear suggesting the current is due to tunnelling cr a variety of
ocher conduction mechanisnms that have been obsesrved in MIS devices. The
V-1 curve is taken under pulsed conditions so as not to heat the cell by
more than a few deprees.

To enhance the detectiovn of tha neutrons and to obtain the highest current
densities possible, a pulsed excitation source was used_ In all the
experiments. The voltage and current pulse used was of 1 micresecond to 1
millisecond in duration at up to 3000 V at currents as high.as 0.5 amp with
a low duty cycle (such as 10 milliseconds) to reduce” joule heating.
Usually the pulse width and duty cycle were adjusted so. that one watt of
power was dlssipated in the cell, however, the peak.pouwer was often 100 or
more watts, This limited the joule heating to.a few degrees resulting in
litele change In the average D/Pd ratio. The heutron detector consisted of
a bank of 15 helium 3 proportional counters moderatfg&by poelyethylens., The
efficlency of this system as measured wigh a Cf source was 1.3%.
Instead of energy discrimination, time coprelation was used. The pulse to
the cell triggered the time of flight elégtrépnics of the Low-Q diffracto-
meter at LANSCE. This was Intended .to give a concurrent background
measurement vy recording counts well afrer the current pulses. A schematic
of the experimental apparatus is sliown, in Fipure 5.

To test for tritilum by-progdudis, »a pas line was constructed using an
fonizatlion gauge as the megsupement device., These devices reject radon and
other lonization mechanism that.do not produce lonizatlon characteristic of
18.6 KeV electrouns. A& schematic of the system is shown In Figure 6. The
system {a used to pump down and fil1 the cell as well as measure the
tritium In the deuterdum pas {nftially and after operation of the ceoll.

Results:

Eleven cells Have been bullt te date. The mnst positive results were
obtalned on cell 2, which was pulsed with %00 to 2000 V at 900 to 2%
microsecond pulse widths with pulse rates of BO Hz or less.  The {nput
power {rom joule heating was usuallv held at 500 to 2000 milliwatts so that
the D/Pd ratio wonld not chanpe sipnifleantly. AU one watt the cell heated
to about 6 above ambient o the neutron counter cave,

The neut ron count fnp, results dbd pnot show any definfte tine corvelatfon on
time scales shorter that the pulse repetition rate, Instead ol Cime
vorrelatfon, 1t was found that the count rate when the sample was pulned
was higher than the backpround with or without the coll or when a vesistor
wan pulned,  Meassements taken ecarly oo the Vife of the cell pave hipher
neutvoen counts than those taben five days bater.  This o shown et
ctearly o Plpure o wheve the neutron connt has been vouphly correlated



with the total energy dissipation ir the sample. After the cell was
instrumented for temperature, a long measurement was started and the
results are as shown in Figure 8. The temperature of the cell, ambient
temperature and the power input were measured as well as the neutron count,
While the neutron count rate, delta temperature and input power seem to be
somewhat correlated, only the delta temperature and the input power are
even approximately consistent. While the neutron data may look suggestive,
and many precautions were taken to exclude noise, the possibiiity that
electrical nuise from the pulser was causing spurious counts in a
stochastic manner cannot bs completealy discounted.

Cells 1,3,4 and 5, which were controls or had mechanical faults, showed no
neutron activity, and were not analyzed for tritium. Cell two was kept in
storage since it showed defirite neutron activity. The subsequent rtritium
analysis showed that cell 2 had 13q% times the flll gas concentration of
trivium. This amounts teo 3.5 x 10 atoms of tiitlum. While this is a
conslderable level over background, it only amounts to 65 ppbi

Since both neutrons and tritium were produced and measurq%. the branching
ratio {n/p) may be estimated. An upper limit of 2.7 %P may bgsset for
th;a ratio, This iz surprisingly cleose te otherrdate * (1 % 10 ~ to 1 =
10 7) In this work, the branching ratio was calculated from the gas left
in the cell, but, some of thea gas was used for s He analysis prior te the
tritium analysis. A_gorraction for the lost, gas would bring the branching

ratio down to 1 x 10 °,

A total f§ 6 x 105 Joules were dissipated in -the cell. The production of
3.5 » 10 tritium atoms would have yielded 2200 joules. The efficiency is
therefore only 0.3%, however, it shuuld be noted that most of the voltage
drop occurs at Si-SiOz-Si interfaces. and only a fraction of the applied
voltage is at the S5i-8i0,-Pd ‘interface. Taking this into account, the
effleiency of the surfacezlayers m1y have been closer to 20-64%. At this
level of efficiency the celliwoyld be highly economic,

Because of these very panftive and cencoursging results, an attempt was made
to reproduce the data dn another facility. Specifically, a corroborating
measurcuent of the branching raglo was desired. A noise insensitive high
efficlency (2138) channel counter’ was avallable at Los Alamos Group N-1 for
this purpose, “Ihi¥s counter has ecipghteen “He tubes and a backpround of 850
to 900 counts per hour (4050 to 4780 n/hr) althouph about halfl of the
hackground is due to radioactive decay (ntrinsic to the tube materianls. It
should be noted that the LANSCE system also had a simllar backpround of
about 67 /b (47710 n/h)y. At LANSCE, however, the electronics were set to
reject most pamma fnduced backpround,

Very few, I{ any, veutrons have been detected at N-1. Some typieal plots of
the backprounds are shown o {ipure 9 a,b,c.  These neutran peneration
rates ave far lower than seon with sample 7. Sample 9 showed uvo tritfum,
while sample 10 penevated enough tritlum to be easiiy meanurable amd pave o
branching ratle that wan sfwllar teo that of coll 7 however, beeaune the
neutton countdng statisties are so poor thin value s only approximate,



-l -

Since sample 10 appeared to be neutron active, the excess tritium was
flushed from the sample and it was run at high voltage with very short (5
microsecond) pulses for 140 hours. No excess tritium was found. Then the
sample was flushed with fresh deuterium and run for 92 hours at a pulse
width of 300 microseconds. The background level was found to be 1.5 times
the level of the gas bottle. A subsequent run at 300 microseconds for 160
hours gave a very slight excess over background (20%) and gave two neutrgn
bursts of similar magnitude to the gas cell work of Menlova et. al. .
These two bursts were 25 and 35 neutron events in a 100 second count. This
type of evant is statistically quite improbable (> 5 sigma). None of the
other counters within a few meters of the sample vesponded, eliminating
extranecus factors. Both bursts occcurred within 10 minutes of turning the
power off to the sample. Sample 11 was made identically to sample 10,
however, it had ieaked about 2/3 of the D, gas inventory between the time
it was filled and analyzed. It was found fo have about 4 micyocuries/meter
cubed of excess tricium, far lower than the 130 microgurigs/meter cubed
found in cell 10.

Table 2 1lists all the cells made to date and swngarizes the tritium ai !
neutron measurements. As shown in table 2, & hydregen control cell was
made that showed no neutron production over Baeckground when used with the
LANSCE counter. While the construction of the cells appears simple, slight
variations in pressing pressure, thickness of the layers, oxide layer on
the silicon and the exact fabrication detsils. can have large effects on the
electrical properties and concomitant effects on the production of tritium,

Conclusion:

While the exact mechanism for fusiovin the solid state iz not known, this
work has helped clarify the situwation H»y virtus of another measurement the

branching racio_ébr cold “fusion.” An upper limit on the ratic, from this
work, is 3 x 10 7.

The main explanations fox D-D fusion in the solid state are microcracking
resulting in hot fusion, and various other sxplanations based on the
enhancement of “tunnelling due to increased eslectron shielding resulting
from high logal Iat<ice pressures (plezofusion), non-equilibrium electrnn
concentration (perhaps at defects) and high D/Pd concentrations. Since all
reported measurements indicate a very low branching retio, the cracking
hypothesis is discredited. Since no time correlation was observed with
electron injection one can tentatively dismiss the ides of non-equilibrium
electron ajded fusion due to injected conduction band electrons. This
8till admits the possibility of some site specific fusion where the local
alectron concentration is high. The fdea of piezofuszion or locally high

lattice pressures caused by phase transitlions or deuterium drift cannot be
discounted.

Solid state fusion cells appear to be a visble alternstive to the electro-
chemical cell approach to the production of tritium. Due to the simplicity
of the cell and the possibility of creating monolithic structures of Pd and
51 there exists considerable room for improvement in efficiency. Based on
*he power input and the amount of tritium produced in cell 2?2, it has been



calculated that a factor of qi improvement in efficlency would result in
economic tritium production . The reduction in thickness of the S§i
layers, the elimination of the hydrogen in the deuterium and palladium and
increasing the gas pressure of the cell would almost certainly improve the
efficiency.
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Table I. Material analysis of the deuterium, hydrogen and the palladium
and silicon used in the experiments. The pgas analysis was done with a mass
spectrometer and a tritium ionization gauge, the palladium and silicon were
analyzed by wet chemistry.

Gas Amalysis

Gas Bottle Me. deuterium hydrogen tritium helium 4
Deuterium Bottle 1: to be snelyred tha 110 15 rom
Deuterium Bottle 2: .34 0.468 28 the
Deuterium Bottle 3: 99.53 0.67 20 tha
Hydrogen Bottle 1: the the the the
Palladius Arnslysis vug/gd (Engelhard}

Oxygen 928

Hitrogen 65

Carbon &7

Chiorine &0

Trace Metals 127

Silicon Analysis
To be aralvzed

Hote @ Deuterium snd hydrogen in terms of mole %, tritiud in terms of micro curies per wter cubed.



Table II. Summary of solid state fusion experiments to date.

Sample Date Heutron Iritium | Hours Cell Fitl Hotes
tusber ' Buily | Cutpait Produced ] Run Type Gas on Cell
| | 12-apr to | ot Anslyzed 3 O-Ring, Leyered D2, #1  (Semple shorted out
2 l4-Apr | Yes, >5 sigas | Yes, 1300 x beckground 96 O-Ring, Layered B2, #1 5% Hydrogen sdded co cell on 4-26
3 19-hpr | Ho : Kot Anslyzed 20 O-Ring, Layered H2, #1  Hydrogen control
& 3-ttay | Wo Steady Cutpat | Hot Anslyzed <9 O-Ring, Layered b2, #1 |lLesky sesl
5 8-Hay %o : kot Analyzed <1 O-Ring, Layered b2, #1 lLesky seal
6 30-Hay o, <2 sigam #0 17 O-Ring, Layered-Hixed 02, #1  Sample shorted o:t
7 18-dul | Yeg, »2.5 sigma | Ves, 1.5 x background 95 O-Ring, Leyered-Hixed b2, #1  Weutron ouitput varizd with voltage
8 P-basg | Ho, <1 sigem o 1462 Flange, Mixed D2, # |Palisdium.end silicon powders mixed together
@ To-Aug | o fo | 63 Flange, Wixed D2, #1 |Seme as 8, Oul outgassed st 110°C
10 | &-Sep | Yes? <1 sigms | Yes, 4.4 x background 77 Flange, Layered D2, #2 . Weutron bursts, 250 psi fill
11| 11-0ct | Ho Yes, <20% 162 Flange, Lavered D2, #5  [Seme as 1) but 70 psi fill
92 1 8-Wow | in progress Flange, Layered D2;. #5. (Cell can withstand 2000 psi
{
Sample 2 produced 9.5 x £6 neutrons and 3.5 x E15 tritium stoms Branching ratio n/p = 2.7 x E-9, see note one below

Sample 7 was not monitored for neutrons on a continous besis |, but produced 1 x E12 atoms of tritium

Sample 10 produced 5200 neutrons ¢ 7500 and 9.6 x E12 atoms of tritium]

IBranching

ratio n/p = 0.5 20.8 x €-9

Hote 1: A substantial smount of tritium was lost prior to analysis due to leskege from o-ring sesl.

Hote 2: Gas sralysis amed meterial purity listed in Vable 1.

Correction of che branching ratioc for the loss of tritius would decresse the mmoar to¢ 1 x E-9.

e ———t
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Photo of the experimental cell, and a cross section of the cell
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Figure 5. A schematic of the test system for the measurement of neutron
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Thim allows an analysis of the initial trace amounts of tritium presont fn
the gas, cell or palladium.
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