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Abstract: The nature of the nuclear phenomena associated with the Pons and Fleischmann effect
remains largely unexplored. The phenomena are reproducible, but the processes lack controllability.
The circumstances of the electrolysis experiments do not produce the same nuclear product
distribution as that expected during hot plasma D + D fusion experiments.

From our earliest qualitative heat versus helium nuclear products analyses! to our more recent
quantitative helium analyses; the utmost care has been exercised with respect to the scientific rigor of
our work. The correlation between the production of helium and the generation of excess heat has
been reproduced in different laboratories and under different experimental protocols. Preliminary
results are shown in Fig. 1. The quantitative correlation between the amount of energy generated
and the helium produced is at the level that is expected for a high energy nuclear reaction, such as
fusion. These results are underwritten by extensive 3He:#He:20Ne control experiments.

Calorimetric quality is the foundation of this work. In our early work, isoperibolic calorimetry
was used successfully. In our later work as depicted in Fig. 1, high performance Calvet calorimetry
is used. This is the most rigorous method of calorimetry known, amounting to an integrated
measurement of the total thermal flux. Electrolysis off-gas production rates were measured to
determine the Coulombic efficiency of the electrolysis. Atmospheric helium contamination was
precluded by use of all-metal sampling flasks and all-metal gas collection equipment with helium
leak-tight Cajon VCR metal seals.
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Radiation monitoring suggested the presence of a weak source of high energy y-radiation. The
weakness of the source tended to confound the analysis because of the statistics of the minimum
detectable activity associated with various radiation detectors. The cathodes used in these
experiments were palladium electroplated on gold-flashed copper. No calorimetry was associated
with these radiation experiments.

The ultimate goal of this effort is to identify explicitly which nuclear reactions result in the Pons
and Fleischmann effect.
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Introduction: The quantitative nuclear products study of excess heat generation versus 4He
production helped gamer $750,000.00 of funding for SRI. This data, presented in Fig. 1 was the
result of decisive application of the most rigorous methods of calorimetry and helium sample
collection known. A collection of available data is shown in Fig. 2:
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Notice that the data appears to collect around the 24MeV/4He line in Figs. 1 and 2. Nuclear reaction
pathways can be identified by comparing the quantity of nuclear product (*He) to the amount of
energy generated (~Watts). The 24MeV/4He line in Figs. 1 and 2 correspond to D + D --> 4He +
24MeV, the most energetic reaction known. Theoretically, amount of energy (E) expected for the
mass (m) lost in the reaction is given by the equation E = mc?, where c is the speed of light. The
mechanism can probably induce more than one nuclear reaction pathway, and so we are beginning
the nuclear products analysis of the cathodes, in addition to continuing heat and helium studies.
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Experimental: Our early finding of helium production during excess heat generation! was
validated by control experiments; hence 8 excess heat events correlated to the detection of 4He in the
electrolysis off-gas, 6 control experiments produced samples of off-gas containing no detectable

helium. The probability that these experiments are due to random causes is (1/2)14=0.0061%; i.e.
there is a 99.9939% probability that we observed a real phenomenon. The use of isoperibolic
calorimetry and glass apparatus resulted in unwarranted criticism. We will now describe more
rigorous methods, noting that the conclusions (Fig. 1) are similar to our earlier work (Fig. 2).

Helium does not diffuse through metals, as a practical matter. Thus, a rigorously all metal
Seebeck calorimeter and all metal gas collection system was constructed to preclude atmospheric
contamination. Our tactic has always been to use a self flushing system, electrolysis off-gas flushes
out any contamination in a continuous manner, through D20 and oil bubblers. The electrolysis
energy input is corrected for the 2D + O gas formation, and the validity of the energy input
correction is checked periodically by measuring the 2D5 + O gas production rate versus the
electrolysis current to ensure that the 2D + O gas is not recombining in the calorimeter to reform
D»0 and thereby increasing the effective electrolysis energy input. The data was normalized to
525mA in Figs. 1 and 2. All metal gas collection flasks are baked out under vacuum and N2 flushed
repititiously, to remove any helium occluded in pores in the metal surface. A schematic of this
rigorous system is shown in Fig. 3; use of this system resulted in the Fig. 1 data.

Seebeck calorimetry is, functionally, integrating thermal flux envelope calorimetry. The
electrolysis cell is completely enclosed by a thermal flux transducer envelope, so that essentially all
heat leaving the
cell is measured. The thermal flux transduction envelope consists of series differential
thermocouples set across a homogeneous thermally insulative layer (see Fig. 3). The heat flowing
through the insulative layer sets up an electrical potential across each differential thermocouple pair;
the series sum voltage of all the differential thermocouple pairs represents the total heat flow.

Seebeck calorimetry differs from Calvet calorimetry in that the insulative layer between
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the differential thermocouple pairs, is a rather good conductor of heat; a high density of
thermocouple pairs (about 30 pairs per cm?) allows high sensitivity. Ease of heat flow to the
thermostatic water bath minimizes

unmeasured heat leakage, the effect N, Flush~, N5 Flush
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It combines the benefits of high

sensitivity, enormous dynamic range, fast response and convenience of operation. Thermal
homogeneity within the calorimeter is irrelevant, because all flux paths are covered by the thermal
flux transduction envelope. Seebeck calorimetry is the most rigorous method of calorimetry known
note: Fig. 1).
( An atgtem)pt was made to replace the Seebeck thermal flux transducers with cheaper Peltier
devices.2? Initially, the calorimeter seemed to give a reasonable response, and then it became more
and more non-linear over time. Such an insidious failure appears to have occurred at the Naval
Research Lab; and elsewhere.

Mass Spectral 3He:4He:20Ne analysis has the advantages of helping identify the helium source
and directly probing the branching ratio of the nuclear reaction. Tritium, which decays to 3He can
also be analyzed. 3He analysis is blinded by the presence of HD (also mass 3), so all deuterium is
removed prior to analysis. '

4He:20Ne analysis (Fig. 4) is plotted with respect to 4 separate electrolysis systems. The 4He
analysis used in Fig. 1 had a detection threshold of 1 + 1 parts per billion; the 3He:4He:20Ne
analysis now in use (Fig. 4) has a 4He detection threshold in the low parts per trillion range. The
3He:4He isotope ratio associated with the data of Fig. 4 is about twice that expected for air, due to
tritium decay. The 3He:#He:20Ne electrolysis off-gas sampling manifold was constructed of metal
and glass, sealed with viton o-rings, and is more than good enough to acquire the rigorous data of
Fig. 1. Sampling flasks are all metal, in both studies. Hence, the contemporary data (Fig. 4) acts as
a massively redundant control, validating our findings depicted in Fig. 1.
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A small radiation signal was observed associated with 0.001” thick palladium plated onto gold
flashed copper cathodes. We were unable to acquire spectra perhaps owing to broad band scatter.3
Such broad band scatter might be taken to suggest a bremsstrahlung continuum spectrum# arising
from “hot electrons” associated with the mechanism of energetic coupling between the nuclear
reaction and the metal lattice.

The radiation was traced to the electrolytic cell by systematic displacement of the detector, using
the fact that radiant intensity () decreases as the square of distance (D) from the source I a 1/D2, in
Fig. 5.
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This type of experiment was reproduced many times. Note that the less sensitive detector will detect
a smaller radiant intensity than a more sensitive detector, because the less sensitive detector
discriminates against background better. For a discussion of the Minimum Detectable Activity with
respect to environmental background see: D. A. Gollnick.> The background at this location in the
lab is well characterized.

Cathode analysis by Secondary Ion Mass Spec. (SIMS) must fail as a nuclear products analysis,
because it does not analyze the bulk, and SIMS is prone to artifacts. Briefly, material from the
surface of the cathode is sputtered by an ion beam, the secondary ions from the cathode surface are
then analyzed by the mass spectrometer. Unfortunately, the ionization cross section of various
elements is vastly different so that elemental quantification is relatively inaccurate. Even the isotopes
of a single element suffer from ion fractionation,® and in dynamic SIMS the extent of ion

fractionation changes with sputter hole depth.” Furthermore, it takes a considerable amount of

instrumentation time to obtain meaningful precision. Large secondary ion intensities can overwhelm

the detector, wildly skewing the isotope ratio observed; this is detector dead time, and has been

particularly troublesome with respect to easily ionized elements, like lithium (6Li:7Li). A more

insidious dead time effect occurs when spurts of ions overwhelm the detector, and again skew the
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Prompt Gamma Activation Analysis (PGAA) B
using a cold neutron beam is the method of Figure 6
choice; it provides a high sensitivity isotope
specific bulk anaiysis, and is compiemenied by
Neutron Activation Analysis (NAA).

The cold neutron beam is essential,

because it allows analysis far removed from

the reactor cores’ gamma ray field Fig. 6.2 Sample-—
The cold neutrons also have a higher capture P
cross section, enhancing sensitivity. PGAA Helium
with thermal neutrons is futile due to the Chamber

interference of the reactor cores’ gamma ray field. SLiF Neutron Shield
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Thermal neutrons are moderated by liquid neon cooled 1,3,5-trimethylbenzene before being

guided down the beam channel by total internal reflection off the 58Ni coated silica walls, just like
fiber optics. The cold neutrons expose the sample housed in a helium filled chamber, captured

neutrons cause the sample to emit y-rays characteristic of the isotope. The germanium y detector of
the spectrometer is housed in a lead cave, sheathed with SLiF sheets to adsorb scattered neutrons
radiationlessly; thus effecting a very low background system.

Cold neutron beam PGAA represents the state-of-the-art. There are only two operational
installations known in the USA.

Conclusions: The heat versus helium analysis is reproducible and appears to indicate that the
Pons and Fleischmann effect induces the D + D --> 4He + 24MeV reaction pathway (Figs. 1 and 2),
by an unknown mechanism. Finding helium in the gas phase suggests that the reaction occurs at the
surface of the cathode. Helium born within the cathode would be lost to analysis, and indeed
isolated incidents of excess heat generation without helium production have been observed. Future
helium analysis will investigate the branching ratio using state-of-the-art 3He:#He:20Ne analysis and
Seebeck calorimetry.

Rigor with regard to calorimetry is the experimental foundation in this field. Seebeck
calorimetry is used because it is the most fundamentally rigorous method known, amounting to high
performance Calvet calorimetry. Further, Seebeck calorimetry prowdes a complementary method,
validating our isoperibolic results.

The solid state physics that allow radiationless reaction remains to be elucidated (See for example
Y. Kim). Radiation, though occasionally observable, is not related quantitatively to excess heat.
The minuscule amount of radiation intermittently observed suggests an efficient energetic coupling
between the nuclear reaction and the metal lattice. The breakdown of the energetic coupling
mechanism might result in bremsstrahlung,4 and hence a continuum spectrum superimposed with
characteristic peaks;3 while efficient energetic coupling results in excess heat.

Isotope specific analysis of the cathodes by PGAA8 is being pursued in conjunction with NAA
and SIMSS.7 to search for nuclear products in the cathode.

Outlook: A fundamental understanding of the solid state physics that results in the Pons and
Fleischmann effect is to be gained through nuclear products analysis. Understanding the
mechanisms will allow technological development.

Acknowledgments: Mr. Joe Bennett, Mr. Tom Davidson, Mr. Leigh Evans,
Mr. John Fontanot, Dr. John Lupton, Dr. G. Bryant Hudson, Dr. Tom Passell, Mr. Ed Pylant,
Dr. Kenan Unlu, and Dr. Bernard Wehring.

Funding by the following organizations is gratefully acknowledged: The Electric Power
Research Institute, The Robert A. Welch Foundation, The American Society for Engineering
Education, and The Office of Naval Research.

References:
1) a) B. F. Bush, et. al. J. Electroanal. Chem., 304, 271 (1991).
b) See also: M. H. Miles in Chem. Abstracts.
2) % C. Barrows, et al., Proc. Fourth International Conference on Cold Fusion, (1994), EPRI
TR-104188-V2, Vol 2, 21-1
3) S. Szpak, et. al., Phys. Lett A, 210 (1996) 382.
4) G. l;bgKHOII' Radiation Detection and Measurement, 2% Ed., 1989, J. Wiley & Sons,
pP-
5) D. A. Gollnick, Basic Radiation Protection Technology, 38 Ed., April 1994, p. 517.
6) N. Shimizu, S. R. Hart, J. Appl. Phys. 53(3) (1982) 1303.
7) H. Gnaser, 1. D. Hutcheon, Surface Science, 195 (1988) 499.
8) B. W. Wehring, K. Unlu, Proceedings, Physics at Advanced Pulsed Neutron Sources,
PANS II, Dubna, June 14-16, 1994,
' £46






