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TRITIUM AND NEUTRON MEASUREMENTS OF A SOLID STATE CELL

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

Los Alamos National 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 a metal-insulator-semiconductor (MIS) barrier.
Cells were constructed of alternating layers of palladium and silicon
powders pressed into a ceramic form and exposed to deuterium gas at 110
psia resulting in a D/Pd ratio of 0.7. Pulses of current were passed
through the cells to populate non-equilibrium states at the MIS barriers.
One cell showed neutron activity and was found to have a large amount of.
tritium, other cells have produced tritium at a low rate consistent with
neutron emission belocw 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 indicated that electrochemical cells are
producing neutrons, tritium, and perhaps heat via an unknown new "cold
fusion" proucess. These cells seem to be remarkably sensitive to palladium
surface preparation, electrolyte impurities and exact cell configuration.
It is reasonable to assume that the fusion mechanism is a near-surface
phenomenon dominated by the high concencrgflon of deuterium electrically
driven into the material. It {s known that electrochemical surface
barriers are similar (electrically) to the barrier at metal-semiconductor
or metal-insulator-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 silicon powders
were uged in a pressed configuration,.

Appnrltda:

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 260 dense material for the palladium and 75% dense
material for the silicon. The belleville washers at each end maintain 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 calls as well as the analysis
of the major impurities in the si{licon and palladium. Bo'h the silicon and
palladium powders are coated with an oxfde layer which {s thought to be



important. The silicon oxide layer is approximately 150 A thick. Figure 2
shows the unusual morphology of the palladium powcer (formed during
precipitation) and also the silicon powder size ané shape. After pressing,
the powdelr .s das 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 4
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
other conduction mechanisms that have been observed in MIS devices. The
V-1 curve is taken under pulsed conditions so as not to heat the cell by
more than a few degrees.

To enhance the detectiun of ths neutrons and to obtain the highest current
densities possible, a pulsed excitation source was used iIn all the
experiments. The voltage and current pulse used was of 1 microsecond 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
pover was dissipated in the cell, however, the peak power was often 100 or
more watts. This limited the joule heating to a few degrees resulting in
litctle change In the average D/Pd ratio. The neutron detector consisted of
a bank of 15 helium 3 proportional counters moderatfgbby polyethylene. The
efficlency of this system as measured with a Cf source was 1.3%.
Instead of energy discrimination, time correlatinn was used. The pulse to
the cell triggered the time of flight electronics of the Low-Q diffracto-
meter at LANSCE. This was Intended to give a concurrent background
measurement vy recording counts well after the current pulses. A schematic
of the experimental apparatus is shown in Fipure 5.

To test for tritium by-products, a gas line was constructed using an
fonization gauge as the mcasurement device. These devices reject radon and
other lonization mechan{sm that do not produce lonization characteristic of
18.6 KeV electrons. A schematic of the system is shown in Figure 6. The
system is used to pump down and fill the cell as well as measure the
tritium Jn the deuterfum gas {nftially and after operation of the cell.

Results:

Eleven cells have been bullt to date. The mnst positive results were
obtained on cell 2, which was pulsed with %00 to 2000 V at 900 to 29
microsecond pulse widths with pulse rates of 80 Hz or less.  The nput
power from jJoule heating was usuallv held at H00 to 2000 milllwatts so that
the D/Pd ratla wonld not chanpe sipniflcantly. At one watt the c¢ell heated
to about 6 C above ambient fn the neatron conmter cave,

The neatron connt fnp, results did not show any definite tine correlatfon on
time seales shorter that  the pulse repetition rate, Instead of  time
correlation, 1t was found that the count rate when the sample was pulsed
was hipher than the backpround with or without the cell or when a restistor
was pulhned, Measurements taken earvly o the Vite of the cell pave hipher
nevtvon counts than those taken tive days later.  This 1 shown ost
clearly o Flpare ! where the nedatron conmt has been rouphly correlated



with the total energy dissipation ir the sampl:. 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
somevhat 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 noilse, the possibiiity that
electrical nuise from the pulser was causing spurious counts in a
stochastic manner cannot be completaly discounted.

Cells 1,5,4 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 tritium
analysis showed that cell 2 had 13qg times the fill gas concentration of
tritium. This amounts to 3.5 x 10 atoms of tiitium. While this is a
conslderable level over background, it only amounts to 65 ppb.

Since both neutrons and tritium were produced and measurq*, the branching
ratio (n/p) may be estimated. An upper limit of 2.7 X7HP may bgaset for
th}a ratio. This is surprisingly close tc other data "' (1 x 10 ~ to 1 x
10 7) In this work, the branching ratio was calg¢ulated from the gas left
in the cell, but, some of the gas was used for a He analysis prior to the
tritium analysis. A_gorrection 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 x 10 tritium atoms would have ylelded 2200 joules. The efficlency is
therefore only 0.3%, however, it shculd be noted that most of the voltage
drop occurs at S1-S10,-Si interfaces and only a fraction of the applied
voltage is at the Si-5i0,-Pd {interface. Taking this into account, the
efficiency of the surfacezlayers m1y have been closer to 20-64%. At this
level of efficiency the cell would be highly economic.

Because of these very pruitive and cncouraging results, an attempt was made
to reproduce the data In another facility. Specifically, a corroborating
measurcuent of the branching ragio was desired. A noise insensitie high
efficlency (21%) channel counter’ was avallable at los Alamos Group N-1 for
this purpose. This counter has cighteen "He tubes and a background of 850
to 900 counts per hour (4050 to 4280 n/hr) although about half of the
hackground {s due to radloactive decay Intrinsic to the tube materials. It
should bhe noted that the LANSCE system also had a similar background of
about 67 ¢/h (4770 n/h). At LANSCE, however, the electronies were set to
reject most pamma Induced backpround.

Very tew, If any, reutrons have been detected at N-1. Some typical plots of
the backprounds are shown in fipwre 9 n,b,c.  These neuvtroan penerat fon
rates ave far lower than scen with sample 7. Sample 9 showed no tritium,
while sample 10 penerated enough trltluam to be casity measurabtie and pave n
branching ratlo that wax slmllar to that of ccll 7, however, beecause the
neutton count fop, statisties are so poor thln value s only approximate,
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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 neutyrgn
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 responded, eliminating
extraneous factors. Both bursts occurred within 10 minutes of turning the
power off to the sample. Sample 11 was made identically to sample 10,
however, it had 1eaked about 2/3 of the D, gas inventory between the time
it was filled and analyzed. It was found fo have about 4 microcuries/meter
cubed of excess tritium, far lower than the 130 microcuries/meter cubed
found in cell 10.

Table 2 lists all the cells made to date and summarizes the tritium a:!
neutron measurements. As shown in table Z, a hydrogen control cell was
made that showed no neutron production over background 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 details can have large effects on the
electrical properties and concomitant effects on the production of tritium.

Conclusion:

While the exact mechanism for fusion in the solid state is not known, this
work has helped clarify the situation )y virtue of another measurement the

branching ratio_Jhr cold fusion. An upper limit on the ratio, from this
work, 1s 3 x 10 °,

The main explanations for D-D fusion in the solid state are microcracking
resulting in hot fusion, and various other explanations based on the
enhancement of tunnelling due to increased electron shielding resulting
from high local lattice prassures (piezofusion), non-equilibrium electrnn
concentration (perhaps at defects) and high D/Pd concentrations, Since all
reported meagurements indicate a very low branching ratio, the cracking
hypothesjs is discredited. Since no time correlation was observed with
electron injection one can tentatively dismiss the idea of non-equilibrium
electron ajded fusion due to injected conduction band electrons. This
still admits the possibility of some site specific fusion where the local
alectron concentration is high. The idea of piezofusion or locally high

lattice pressures caused by phase ‘ransitiona or deuterfum drift cannot be
discounted.

Solid state fusion cells appear to be a viable 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
Si there exists considerable room for improvement In efficiency. Based on
*he power input and the amount of tritium produced in cell 2, it has been



calculated that a factor of H& improvement in efficiency would result in
economic tritium production . The reduction in thickness of the Si
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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Gas Amalysis

Gas Bottle Mo.

Deuterium Bottle 1:
Deuterium Bottle 2:
Deuterium Bottle 3:
Rydrogen Bottle 1:

Palladium Analysis
Oxygen

Nitrogen

Carbon

Chlorine

Trace Metals

Silicon Analysis
To be analvzed

Table I. Material analysis of the deuterium, hydrogen and the palladium
and silicon used in the experiments. The gas analysis was done with a mass
spectrometer and a tritium ionization gauge, the palladium and silicon were
analyzed by wet chemistry.

deuterium hydrogen tritium helium 4
to be anelyized tbe 110 15 ppm
99.34 0.66 28 tbe
9.3 0.67 20 tbe
tbe tbe tbe tbe
vug/g) (Engelhard)
928
65
&7
80
127

Note : Deuterium and hydrogen in terms of mole X, tritium in terms of micro curies per teter cubed.



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

Sample Date Meutron Tritium |__Mours Cell Fill Notes
mber ! Built | Output Produced | Run Type Gas on Cell
1 | 12-apr . No ! Not Analyzed | 3 0-Ring, Layered 02, #1 {Sample shorted out
| 2 14-Apr | Yes, >S5 sigas | Yes, 1300 x background 96 O-Ring, Layered D2, #1_ |5X Hydrogen added to cell on 4-26
3 19-Apr | No : Mot Anelyzed 20 O-Ring, Layered H2, #1  {Hydrogen control
4 3-May | Mo Steady Output | Not Analyzed <1 C-Ring, Layered D2, ¥  |Leaky seal
5 8-May No ‘ Mot Analyzed <1 0-Ring, Layered D2, ¥1 |Leaky seal
6 30-May Mo, <2 sigms | #o 17 0-Ring, Layered-Mixed D2, #1  |Sample shorted o:t
7 18-Jul | Yes, >2.5 sigma | Yes, 1.5 x background 95 0-Ring, Layered-Mixed D2, #1_ |Neutron output varizd with voltage
8 9-Aug | No, <1 sigss No 142 Flange, Mixed 02, #2 |Palladium and silicon powders mixed together
9 14-Aug : Mo No | 63 Flange, Mixed D2, #1 [Same as 8, but outgassed at 110°C
10 | &-Sep | Yes?, <1 sigms ' Yes, 4.4 x background 7 Flange, Layered D2, # [Neutron bursts, 250 psi fill
11 | 11-Cet No Yes, <20% 162 Flange, Layered D2, #$3 [Same as 17 but 70 psi fill
i 12 | 8-Mov i  in progress Flange, Layered D2, #3 [Cell can withstand 2000 psi

Sample 2 produced 9.5 x E6 neutrons and 3.5 x E15 tritium atoms

Branching ratio n/p = 2.7 x E-9, see note one below

Sacple 7 was not monitored for neutrons on a continous basis , but produced 1 x E12 atoms of tritium

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

Iaranching

ratio n/p = 0.5 10.8 x E-9

Note 1: A substantial amount of tritium was lost prior to analysis due to leakage from o-ring seal.
Correction of the branching ratio for the Loss of tritium would decrease the nuwo>r to 1 x E-9.
Note 2: Gas analysis and meteriai purity listed in Table 1. [




CERAMIC ID. 1.25 in.

TOTAL ACTIVE LENGTH 0.44 in.
THICKNESS OF Pd LAYERS 0.047 in.
THICKNESS OF Si LAYERS 0.085 in.

S$S 304 BODY
AND
CCNFLAT FLANGE

ELECTRICAL FEED THROUGHS \

BELLEVILLE { ------------- ALTERNATING LAYERSOF Pd, SI~. [ 1 [l
WASHER .—-/>

i

CERAMIC INSULATORS L ik i L‘

Figurs 1. Photo of the experimental cell, and a cross section of the cell
showing the layers and the electrical connectious.



SEM photographs of the palladium and silicon powders used in the

Figure 2.

es

The palladium is produced from a precipitation process that lea:
the surface coated with an oxide layer. The silicon is ball milled from

cells.
ingots.
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Photo of a cross section of a pressing showing the layered

Figure 3.

The photomicrograph shows a boundary between the

palladium (lower) and the silicon.

structure of the compact.
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Figure 5. A schematic of the test system for the measurement of neutron
emisrion at LANSCE.
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Figure 6. A schematic of the deuterfum {111 and analynis system. The
samplo is ovacuated and then fllled with deuterium from a cylinder. The
evacuated analyrim system is then filled with the douterfum from the cvell.
This allows an analysis of the fnitfial trace amounts of tritium present fn
the pas, coll or palladium.
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