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This third issue of the Journai of New Energy will become an historic publication. Thanks to the
efforts of Distinguished Professor of Chemistry at Texas A&M, John O'Malley Bockris (and his
associate Dr. G. H. Lin) and co-host George Miley, editor of Fusion Technology, the second
conference on Low-Energy Nuclear Reactions, September 13-14, 1996, College Station, Texas.
is an historic event. This issue publishes most of the papers presented at that historic conference.

These proceedings, and the recentlt past conference, mark the beginnings of a new understanding of
some of the many and varied low-energy nuclear reactions. The phrase low-energy nuclear
reactions is 2 euphemism for tramsmutation. The word transmutation may be offensive to many
members of scientific academia who have thoroughly accepted the curtently-taught model of the
atomic nucleus. The belief that there are no possible low-energy methods w create nuclear reactions
is strongly taught and strongly accepted by many scientists.

To our valued academic friends, we strongly encourage you'to read carefully the detailed paper by
Kenneth & Steve Shoulders. For over a decade, Kenneth Shoulders has been developing a variety
of devices (inventions) based on the generation and control of high-density charge clusters (EVs).
In his conference presentation, Shoulders offered specific experimental nformation on the role of the
fracto-emission of EVs that may account for some,\most, or all of the nuclear reactions in 4 variety
of cold fusion devices. This msight into the.role of nuclear Evs as an explanation for some of the
experimental observations has prompted this editor to highlight (bold type) a few of the observations
made in some of the papers herein.

On rare occasions, a variety of.concepts presented in a conference results m a scientific or
technotogical breakthrough. Such an event was the result of this conference. Because of the
importance of this new understanding, a paper has been prepared and is included in this issue. This
paper by Fox, Bass, and Jin has been peer-reviewed and approved for publication. In one sense, the
paper summarizes and extends concepts presented in the conference. In this editor's judgement, this
paper represents the culmination of over seven years of a struggle to understand the real nature of
low-energy nuclear reactions found in the study of cold nuclear fusion. In addition, a patent
application has been filed with claims of a method and apparatus to produce thermal energy,
ameliorate radioactive wastes, and transmute many of the elements in the periodic table. A new
science and a new technology have begun!

Hal Fox, Editor
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NUCLEAR TRANSMUTATIONS IN THIN-FILM NICKEL COATINGS
UNDERGOING ELECTROLYSIS

George H. Miley ' and James A. Patterson *

ABSTRACT

Experiments using 1-mm plastic and glass microspheres coated with single and multilayers of thin films of
various metals such as palladium and nickel, used in a packed-bed electrolytic cell (Patterson Power Cell ™
configuration), have apparently produced a variety of nuclear reaction products. The analysis of a run with
650-A film of Ni is presented here. Following a two-week electrolytic run, the Ni filmwas found to contain Fe,
Ag, Cu, Mg, and Cr, in concentrations exceeding 2 atom %o each, plus a numberef additional trace elements.
These elements were at the most, only present in the initial film and the electrolyte plus other accessible cell
components in much smaller amounts. That fact, combined with other data, such as deviations from natural
isotope abundances, seemingly eliminates the alternate explanation of impuritics concentrating in the film.

A 1-molar lithivm sulfate solution in light water was employed forithe clectrolyte. A small excess heat of
approximately 0.5 + 0.4 watts was recorded throughout the tTun. Reaction products were analyzed using a
combination ofsecondary ion mass spectrometry (SIMS), Atgerelectronspectrometry (AES), energy dispersive
x-ray (EDX) analysis, and neutron activation analysis (NAA),

Results showing a broad array of products such ag found here have also been obtained with thin film coatings
of other materials, e.g., Pd and multi-layers of Pd.andNi. The yields of the major elements contributing depend
on the film material, however. Some of that worlk is still being analyzed and will be presented at ICCF-6 [15].

The array of products found in these experiments is consistent with recent studics of solid Pd and Au ¢lectrodes
by Mizuno et al. [19] and Ohmori and Enyo [22] , respectively. A distinct advantage of thin electrode
construction used here, however, is that the reaction zone becomes well defined, enabling quantitative
measurements of the amounts ol various products.

To explain the observation of products with atomic numbers both well above and below Ni, a reaction model is
being developed that involves proton-induced excited complexes, followed in some cases by a fission of the
unstable compound nucleus

INTRODUCTION

Various nuclear transmutation products generated during electrolytic cell operation, typically employing Pd and
heavy orlight water with various electrolytes such as Na,CO, and LiOIl, have previously been reported, e.g.,
see the proceedings of the first conference in this series (Bockris and Lin [1]). Most of these reports have
dealtwith impurity level quantities of specific elements, such as Sr, Rb or tritium, although some workers, such
as Mizuno

! Fusion Studies Laboratory, U. of [llinois, 103 S. Goodwin Avenue,Urbana, 1L 61801-2984
Ph. 217-333-3772 Fax 217-333-2906 E-mail: g-miley@uiuc. edu

% Clean Energy Technologies, Inc., 1 Lincoln Center, 3400 LBI Freeway, Suite 950, Dallag, TX 73240
Ph. 972-982-8340 Fax 972-982-8349
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et al.[19], Ohmon and Enyo [22] , and Karabut et al.[7] report on a wide variety of isotopes occurring at
impurity levels. Several investigators, e.g., Miles and Bush [10], have concentrated on *Ile, which they view as
a logical reaction product for nuclear reactions in solids.

While the occurrence of this number of independent observations strongly implies that chemically assisted
nuclear reactions in solids are possible, the quantification and the credibility of the results have suffered from
low, impurity-level yields and non-reproducibility. In sharp contrast, the thin (<2000A) films used in present
work resultin transmutation of a significant percentage of the metal in the thin-film cathode due to the "small"
number of hostatoms. (While, as stressed later, impurity contributions can not be completely ruled out, the term
"transmutation products” is used here due to the overwhelming evidence in favor of this identification.)

Overa dozen experiments with various types of thin-film coatings have been carried out in different cells (Miley
and Patterson [17]). Thin-film coatings on 1-mm-diameter plastic/glass microspherés, ranging from 500-A-thick
single layers of Pd or Ni to multiple Ni/Pdlayers, were used in a flowing packed-bed=type clectrolytic cell with
a l-molar Li,S0, light water electrolyte. Nuclear reaction products were obtained.in all cases, with several runs
resulting in over 40 atomic % of the original coating materials being transmutedto reaction products such asFe,
Si, Mg, Cu, Cr, Zn, and Ag. The present paper deals with the specific«case of a single nickel thin film, since it
has been analyzed most thoroughly to date and appears to be représentative of the behavior observedin the other
runs.

The "normal” Patterson Power Cell employs electrolytically eeated layers of Ni and Pd on microspheres, and
this composition has been extensively studied for power production (Patterson [24]). The Ni-coated thin film
microspheres described here were developed explicitly for reaction product studies, although power production
with "conventional" thick Ni electrodes in light water cells has been widely studied (e.g., see I. Myers et al. and
references thercin [20]).

The use ofthin-film coatings originates from the "swimming clectronlayer" (SEL) theory proposed carlier (Hora,
Miley, etal. [5]; Miley et al.[12]; Miley et ali[14]), which suggests that nuclear reactions are assisted by the use
of multilayer thin films with alternating metals that have large differences in Fermi energy levels. The resulting
increase in electron density at thedilm interface is shown to "squeeze" excess clectrons between ions, greatly
reducing the Coulombic barriery thus enhancing nuclear reactions. This theory was first studied using thin-film
Pd/Ti coatings sputtered onto alarge stainless steel substrate electrode (Miley et al. [14]). Those experiments
were terminated due touflaking of the films off of the electrode soon after loading and heating occurred.
However, the results were'very encouraging, since high excess heat (estimated to be kW/cm? at the interface
regions) was observed for minutes prior to the disintegration of the thin films. Subsequently, J. Patterson [24]
developed aunique electrode configuration using electrochemical deposition of relatively thick (mm) coatings
of Ni/Pd layers on millimeter diameter cross-linked polymer microspheres. These microspheres were then
employed in aflowing packed-bed-type electrolvtic cell (PattersonPower Cell). The coatings, while thickerthan
the earlier thin-film studies, were found to be quite stable in this configuration, so experiments with thin films
(300- to 2000-A thick) on such microspheres were undertaken in the present work.

The thin films were laid down using a special sputtering process (Miley, Name, et al.[18]), where the
microspheres are suspended in a fluidized state during the spraying process. The metallurgy of the films
themselves has been studied before and after clectrolysis, using both Auger clectron probe techniques and
clectron microscopic surface analysis.

Reaction productmeasurements have utilized a combination of secondary ion mass spectrometry (SIMS), Energy
Dispersive X-ray (EDX) analysis, Auger Electron Spectroscopy (AES), and neutron activation analysis (NAA).
SIMS is used to obtain a broad view of both high andlow concentrationisotopes present and their isotopic ratios,
while NAA provides a quantitative measure of the masses of key clements. EDX provides confirmatory data for
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elements having high concentrations, while AES 1z used for depth-profiling of lugh concentrati on elements

Mad can ohtan total quantities of elements in a sample typically containing 10 microspheres, while the other
techniques arerestricted to probing alocal areaon single microspheres. Dueto variations among microspheres

due tolocationinthe packed hed and other effects, this differencein sampleshecomes very imp ortantin present
work, The analyss technigques and the nuclear reaction products ohserved are described further in followang

seCtions

ELECTROLYTIC CELL DESCRIPTION AND OPERATION
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Fig la Schematic Diagram of a Patterson
Cell

The general configuration of the Patterson-type electrolytic cell
employed 15 shown in Fig la. About 1000 microspheres (~0.5 cm?
wolume) were usedin the packed-bed cell. Titanium electrodes were
employed in the present Mi mun and in mostother tuns, except for a
few cases where Pt electrodes were used forCompanson purposes.

A flow diagram 15 shown in Figelb WA preheater allowed control of
the tetnp erature ofthe electrolyte entering the cell from 20-70° C, wath
fow rates of ~11 mlimate, Voltages across the bed were held at-2-3
W, with several mé of curkent, miving an electrical input power of
approzimately 0.06°W.  The pump and preheater consume an
additional 5 W, butthis input does not enter into the energy balance
across the cell) henee the 5 W is not inwolved in the computation of
excess heatproduction. Inlet-outlet themmocouples provide ameasure
of the tenperature increase of the flowang electrolyte typical values
rangedefrom 0.1 to 42 C, corresponding to shout 0.1 to 4 W output,
depending on the films used. Positive outputs were ohserved 1n all
cases, hut due to the calormeter techmique, the walues are only
considered to be accurate to £0.4 W, More precise calonmetry is1n
uze in several lahoratones studying excess power from the Patterson
cell, but here the cell design was focused on ease of reaction product
measurement.  In wiew of the posittive results reported here, further
work with improved caonmetry and periodic sampling of
microspheres dunng runs 15 warranted to obtain aguantitative relation
hetween the power (or energy productionfrun) and the variousreaction
products.

Such studies are now in progress. Stll, the present reaction product
data prowides a first insight into this important new field of
chemically-asasted nuclear reactions using thin-film electrolyas

Loading afhydrogen intothe thin filt iz typi cally done atlow { 25°C) temperatires and requires severa hours,
as ohzerved by an initial increase in the voltage across the bed, 1 &, the change in film resistance, followed by
an eventual equilibriumvoltagelevel of+2t0 3 V. The loading tirne, defined as the time to reach this equilibnium
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state, was about an hour for the present Ni run.

Thus this loading time was negligible
compared to the two-week run time. A
quantitative measurement of the loading was
not attempted, although there is strong
evidence presented by others that loadings in
excess of 0.85 atoms of hydrogen ordeuterium
(H/D) per atom Pd are required in conventional
solid Pd electrodes to produce heat (Crouch-
Baker et al. [3]). After an equilibrium was
achieved, the cell inlet temperature was raised
slowly (over several hours) to the desired
operating temperatureiof 60-70° C.

ELECTROLYTE
RESERVOIR

+

AUXILLIARY
HEATER

S

DioITAL Further details‘about construction and opera-

E— tion of this,type of cell is given in Patterson
[24]. €ravens [2], and Nix et al. [21].

Fig. 1 b. Schematic of flow system.
NICKEL-FILM RUN

The run lasted for 310 hours and employed an entering €lectrolyte temperature of approximately 60° C.
Termination of the run was made prior to any noticeable deterioration ofthermal performance. A temperature
rise across the cell ofless than 0.5° C was obtained throughout the run, representing an output of 0.5 £ 0.4 watts.
Calibration corrections due to heat losses and flow-pattern variations prevented a more accurate measurement,
but the output always indicated a positive excess heat.

The cell employed for the run used all plasti¢ fittings with the exception of the pressure and flow meters and the
pump. (To further decrease possible impurity sources, a loop with all plastic components except for the
electrodes was developed for subsequent runs. As noted later, this modification did not cause a noticeable
change in film products.) Titanium electrodes were used. A filter fitted with 0.8-pum pore size filter paper was
inserted in the loop to collect any. fine particles entering the electrolyte, either from film surfaces or from other
parts of the system.

Characteristics of the 650-A Nifilm microspheres used in this run (#8) are summarized in Table 1. A 650A-thick
Ni film was laid down by sputtering the Ni on toa 1-mm plastic core. The thickness of'the layer was determined
by weighing a calibration sample coated under the same conditions as the microspheres in the sputtering unit.
Some coating variations, estimated to be £30%, can occur among the 1000 microspheres used in the cell,
however. Measurements with an Auger electron probe on select microspheres confirmed the film thickness to
be reasonably uniform (+£20%).

Table 1 Data for nickel coated microspheres

Layer Diameter (cm) Volume (cc) Mass of layer (g) # of atoms
PS 0.106 6.22x10* 6.09x 10*
Ni(605A) 0.106 2.29x 107 2.04x10° 2.09x 10

Total Mass of a microsphere 6.11 x 10 g.
Total Mass of metal on a microsphere 2.04 x 10

Total Atoms of metal 2.09 x 10'¢
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Fig 2a. SEM photographs of the microsphere before a run (80X magnification on 1éft & 1000X magnification on right).

The mass of the metallic film on these microspheres was less than 1% ofithe total microsphere mass (see Table
1), giving amost unique electrode configuration forthe electrolytic cell. Photographs of the outer surface of'the
microspheres, using a scanning electron microscope (SEM), confirmedthat a very smooth surface was achieved
with the sputtering process (Fig. 2a), while a high magnification photo shows a small-scale, rough structure
uniformly distributed over thesurface. Some erosion of smallparticles from the surface occurs during operation,
however, as detected by placing a filter with 0.8-um filter‘paper in the flow loop. Concurrently, various fragile
looking bead-likeand fiber-like structures are typically visible on the film surface after electrolysis, e.g., see Fig.
2b. .

REACTION PRODUCT ANALYSISMETHODS

Fig. 2 b. SEM photographs of the microsphere after a run (80X on left & 1000X on right).

SIMS, EDX, AES and NAA methods were employed to analyze the microspheres before and after the run.
Sampling was done by disassembling the cell after a run and removing microspheres from the top (cathode end)
layer of the packed bed. (The 1000 microspheres in the bed result in roughly 3-5 layers total). These
microspheres were selected for reasons of accessibility and the fact that the higher electric field in that region
is expected to make this layer most reactive.
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This limited selection procedure raises key issues about the reactivity inother layers. Thus, an uncertainty arises
when it is desired to extrapolate the results to predict total cell characteristics (element vields or cell power).
To study these effects in more detail, a new sampling technique employing a small plastic tube that is plunged
into the bed to extract a "core sample” of microspheres has now been developed.

The SIMS analysis employed a Cameca IMS 5F unit operating with 8-keV oxygen primary beam in the positive
ion mode (Wilson ct al.[27]). Scans of key isotopes were made using single microspheres in a low-resolution
(2,000 mass resolution) mode at several depths of interest (typically near the surface and interfaces) (see Fig.
3a). High-resolution (40,000 mass resolution) scans were then done to resolve any interferences involving
important isotopes (e.g., see Cu-63 and Ag-107 in Fig. 3b). Although the SIMS gives the relative amounts of
isotopes for a given element accurately, the variation of isotopes with depth and the lack of reference samples
for calibration ofthe SIMS sensitivity made it difficultto determine absolute concentrations ofisotopes with this
technique alone. Thus NAA was used to determine total concentrations of Al, Cu, Mg, Cr, Fe, Zn, V, and Ag
(subscquently termed "NAA ¢lements") in the microspheres. This data was, in tirn; used as a calibration for the
SIMS sensitivity to find concentrations of the other "non-NAA" elements, as,described next.

SIMS scan of a fresh microsphere (See all figures at end of paper.)

Fig. 3a. Typical low resolution SIMS scan (before the run).

Fig. 3a. Typical low resolution SIMS scan after the run (average of microspheres in 3 layers in the cell).
Fig. 3b. High Resolution SIMS scan for Cu(63) after the run.

Fig. 3b. High Resolution SIMS scan for Ag(107) after the rum:

Interpretation of the SIMS count data of Fig. 3 requiresiaknowledge of sensitivities (RSF values) for sputtering
of cach isotope out of the host matrix by the SIMS's.primary beam (Wilson et al. [27])

For accurate analysis, the RSF should be'determined by implanting a known quantity of the isotope of interest
in a sample of the host matrix and measuging the RSF inthe SIMS underthe actual conditions employed. Since
such a calibration is not available for thin film Ni, an alternate technique was employed. Theoretically (Wilson
etal. [27]), the RSF is an exponential function ofthe ionization potential (IP) for non-gaseous isotopesina fixed
host matrix. This functional relatien was employed, but a RSF-IP slope from Ni matrix studies by Wilson and
Stevie [28]]29], and Wilson [28] was assumed and fit through data for the nine NAA elements to obtain a RSF
value for the remaining SIMS valties. One refinement found necessary was to separate elements into two groups,
one having concentrations ~0.1% and one <0.1%, each group having a different RSF functional fit. (SIMS
intensitics tend to saturate at high concentrations.) With this technique, an uncertainty factor of 2 is estimated
for the absolute values for non-NAA clement percentages. (Note: duc to changes in the RSF correlation
emploved, results presented here differ somewhat for those in an carlier draft of this paper, cf. G. Miley and J.
Patterson [16]).

NAA was carried out at the University of Illinois (UI) TRIGA research reactor (Iandsberger [9]). Samples
consisted of 10 microspheres. Techniques for short-lived NAA (Parry [23]) were initially performed to
determine the presence of Ag, Cu, Al, and V in the electrodes. (Subsequently, analysis of Fe, Cr and Zn was
done in a similar fashion.) Epithermal NAA was used for Ag in conjunction with the '® Ag(n, y }*'? Ag™ reaction
using the 657.1-keV gamma ray. A 10-sec irradiation time at a flux of 2.1x10" n/ecm?*sec, witha 20-sec decay
time anda 735-sec counting time was used, along with a pncumatic transfer facility. Typical detection limits for
Ag were of the order of 2 ppm, with a precision of £10to 15%. A typical gamma spectrum for the Ag analysis
is shown in Fig 4a.

Fig. 4a. Typical NAA gamma spectrum for Ag.
Fig. 4b. NAA gamma spectrum for Cu.
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Thermal M4 was alsoused for Cu, &1, and Vin conjunction with ® Culn, ) *Cu, #Al {0, v) 84l and 1Vin, v)
2 using the 1039.1-keV, 1778.9-keV, and the 1434.2-keV decay gammarays, respectively. A representative
gamma spectrum for Cu-66 is shown in Fig. 4b. Typically, a 2-min irradiation time with a flux of 4z10"
nfem®sec, followed by a 2-3-min decay time and a 5-+min counting time was used with the same pneumatic
transfer facility. Detection litmits were several ppm for Cu and less than 1 ppm for WV oand Al, with a precision
of several percent for these elements. Calibration used certi fied ligud standards from the National Institute of
Standards and Technology, Ores containing known gquantities of these elements were analyzed for quality
control. A1 such MAA results agreed within the error limits of the reference matenals

Azazsupplement to SIME analysis, MA A was al so employvedto study kevi1sotope ratios for companson tonatural
abundance. Cuand Ag are of particular interest in the present worle, Then, for example, an NA A measurement
ofthe Cud3/65 ratio was carnied out. Cu-63 was deterrmined using tlleﬂCu(r],ﬁl{}ﬂCureactinn with theresulting
511-keV gammarayto determine Cu-63. Cu-65 was determined using the 2Guln v) “Cu reaction using the
1039-ke¥V gammaray (see Fig. 4h),

The EDZ analysisused aField Emission Electron Iicro scope (Hitachi 580070 op erating in the energy dispersion
and ysis mode wath the electron energy set at 20 1V to detect elernents wath atormic concentrations ahove ahout
1%, LIMK software was utilized to denive the elemental concentrations from the energy spectrum. Due to the
unique geometry with the curved lim-plastic interface, the teasurement accuracy was limited to 1094,

AFED wasused in asputtening mode to perform semi-gquantitate depth profiling for the major element species
ghove 1 atom %% Two mstruments were emploved, PHI models 660 and 595, prowviding a resolution of

approzimately 25 nm. Depth profiles were alsornaath the SIME, but the higher sputtering rates for SIME
areatl v limited the spatial resolution in the thin film.

RESULTS Table 2. Comparison of MNAA and
EL analyses for several

microspheres
AMALYSIS COMPARISOMN (Atomic ) =

ELEMENT AND ISOTOFPE CONCENTRATIONS

Fesults from MAA and EDE analvsis of high concentration

elements (Mg, Al 51, Ag Tr Fe, Zn, and Cu) in the Mi run {EE‘_ . '::_:‘ Eff EE;C
are summarized and compared in Table 2. (Two MAA runs |

on the microspheres yielded values within 10% of those I-EIIS u'_";:‘ ;i ig
shown for MAaA in the tahle)  The wariation in the [Si NA 7.3 6.1
concentrations ohserved s atributed to the fact that each |2 NA 3.1 NL
andysis used a different sampling of microspheres taken 2.. E'ﬂl 1;'_2 3.:;
from warious locations in the packed bed at the end of the [Fe 1453 Vr2 a0
run, Some differences are expected from microsphere to g:- 6.27,:; ?g'_: ?::g
microsphere due to variations in location and coatng [V 0.01 ML ML
Further, the MAA results provide total concentrations for a §,‘:‘ :‘_%2 ::: :t
sample of 10 microspheres, while EDZ exarmined only a

small wolume of an individual microsphere.  Still, the 23 i A L Ao L

important point 1g that these independent Measureents - mcrsphemms mken fom same locston in e packed bec

confirm that following a mun, ower 40 atom % of the film = M % (rom NAL) squsted for 8 fofel of T00%
E . i MNA: Mot included n amnehrses
consists of these product elements, the remander bang the  y - secentage beiow cetecson fmi

host M1 plus trace elements.
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To evaluate the other major non-NAA elements present and to obtainisotopic concentrations, SIMS and NAA
data have been combined in Table 3. NAA elements are listed in bold. (Light elements, still under study, and
other isotopes not observed are omitted from Table 3.) This table shows the yield, i.e., the difference between
the final and initial weight for each isotope (fourth column). NAA only measured the elemental (isotopic)
concentrations; therefore the NA A values for a given element have been pro-rated between isotopes according
to the SIMS isotopic analysis. Corresponding values for the number of atoms of each isotope before ("fresh
MS™ and after ("reacted MS") arun follow in the fifth and sixth columns. Non-NAA elements used the SIMS
data directly for both the element yield and the isotope values, based onthe RSF interpretation discussed earlier.

Table 3. Yield Data from the Combined SIMS/NAA Analysis [see remaining figures at end of paper.]

Despite the uncertainties associated with the RSF correlation for non-NAA elements, the values shown in Table
3 should still provide a first estimate of norn-VAA isotopes in the film. Note thattheisotopic vields for NAA
elements should be quite accurate, since the RSF values are essentially constant forisotopes of a given element,
while the total concentrations of these elements comedirectly from the NAAmeasurement, avoiding RSF issues.

The isotopic atomic percents in the metal film arethen calculated frem the increased number of atoms for each
element (column 7) and tabulated in the column labeled "SIMS". "Comparison of this result with natural
abundance values ("Natural a/o" in column 3) givesthe "difference in a/o" shown inthe final column. This data
in Table 3 isused later to obtain figures for element productiornrrates (Fig. 7 andFig. 8), element vields (Fig. 9a
and Fig. 9b), and isotope shifts (Fig. 11) vs. mass or 7. 'The gystermnatics of the data will becorne clearer when
these figures are discussed.

ELEMENT DEPTH PROFILES

Data from AES profile measurements.on artypical microsphere are presented in Fig. 5 for the higher
concentration elements. While the.isotopes' profile behaviors are hard to interpret quantitatively, several
obgervations can bemade. Most profiles peak in the nickel volume or near the film-plastic interface, suggesting

an internal sourceratherthan diffusion in from the surface. For example, thekey elements Ag and Fe peak near
the Ni-plastic interface, (at ~ 650 A corresponding to about 12 min. sputtering time). Cu peaks further out in the

film. However the ampplitude of the peaks is too small to draw definitive conclusions about diffusion vs. an
internal source.

The product concentrations decrease into the plastic substrate. However, the decrease is gradual, indicating
strong interdiffusion has occurred under run conditions. This interdiffusion of products can explain some
differences between NAA and EDX values noted earlier in Table 2, since NA A, in contrast to EDX, measures
total amounts ofelements throughout both the filmand the core ofthe microsphere. This distinction also applies
to NAA va. SIMS measurements.

Approximate 0 100 700 2000
Depth (A)
Relative Atomic %

o] 20.00 - - 61.23
| Ag 2.68 9.94 11.77 3.07

Fe 7.72 10.02 10.45 512

Ni 9.99 12.30 22.28 12.56

Cu 417 7.64 7.61 538

Zn 11.12 10.48 9.22 -
| Mg 10.78 13.75 - -

Cr - - 3.66 499

Fig. 5. Tabulated atomic % vs. depth from AES scan.
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NUCLEAR RADIATION EMISSION

In view of the evidence that products are formed at a significant rate (order of 10" reactions/s-cnr®, ¢f. Table
5, discussed later) in an operating cell, measurable radiation emission would normally be expected, assuming
normal nuclear reactions. However, so far attempts to measure nuclear radiation emission-neutrons, gammas,
or x-rays-during cell operation have not detected any measurable quantities above background. A *He detector
was employed for neutron measurements, and a cooled Nal crystal detector was used for gammas and x-rays.
In one run, a 5-mm-thick Be window was placed over a small hole drilled into the side of the cell to allow
measurement of softer x-rays (estimated lower limit of 20 kV), but after a four-hour run, none were detected.
It is planned to repeat these measurements in a shielded area to reduce the background; however, if radiation
emissions are escaping the cell, they are very low in intensity.

Another measurement used a liquid-scintillation detector to search for tritium/in.a sample of electrolyte
immediately following a run. This measurement was repeated, and a sample was alse-sent out for independent
analysis, but in no case was tritium detected. An experiment to measure the presence of tritium in the off gas,
along with other possible products such as “He, is under consideration, but dugto the very low concentrations
involved, such measurements become very demanding.

Two attempts to measure beta or x-ray emission from the microspheres after a run were made by placing them
on the face of a liquid N, cooled Nal crystal detector covered'with a thin Be foil, but without positive results.
Next, a set of microspheres was placed on medical X-ray. film for a 3-day exposure — again negative results.
Subsequently, a sample of microspheres run several months earlier were placed in a liquid scintillator and
counted forthree hours, using a Packard Tri-Carb 1500 dual=channel liquid-scintillation detector. Nosignificant
reading above background was obtained.

Recently, several sets of microspheres (run about #months carlier) were exposed to high-speed ASA 3000 film
for a 4-day period with positive results ag shownin Fig. 6 (Klema, 1996 [8]). Unfortunately, these experiments
are not yet reproducible. A second positiveexposure has been obtained, but three additional attempts failed.
The technique is under study, and if verified, will demonstrate emission of low-energy beta rays or soft x-rays
(estimated to be of the order of 20 keV for the geometry of Fig. 6).

Fig. 6. Nickel Microsphere:Exposure on Kodak ASA 3000 Polaroid Film.

In summary, thereis very preliminary evidence for soft x-ray (<20 keV) or beta emission frommicrospheres after
operation. There s not an easily measurable emission of other high-energy radiation from the microspheres after
operation or from the cell during operation. These facts must be considered when possible reaction mechanisms
are sought to explain the present results. Much more study is needed, however, to fully define possible radiation
emission for these cells.

MASS BALANCES AND IMPURITY ISSUES

The use of thin films introduces a problem in reaction product studies due to the small volume occupied by the
film vs. the large volume of the electrolyte — about 100 cm’ electrolyte vs. 3 x 10 cm?® film for 1000
microspheres in the bed (cf. Table 1), a volume ratio of = 10°:1. The corresponding mass ratio is roughly the
same; consequently alow ppm impurity in the electrolyte could, if concentrated in the film, give avery high ppm
there.

Note that some of the key elements are present in trace (butmeasurable) quantities in the applied thin film; e.g.,
recall Table 3. However, the initial values are typically a small fraction of the final, and they are always
subtracted from the analysis of the increase in concentration of an clement used to report yields and production
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rates. Thus the key issue is whether there is another source of these isotopes in the cell or loop. Potential
sources of impuritiesinclude the Li, SO, itself, the cell glass, the insulating anode salt beads, the Ti (orPt, some
cases) electrodes, and other loop components. Those components which were easily accessible plus the
electrolyte and filter paper were analyzed by NAA since higher precision is required than is possible using
manufacturer’s specifications for impurities.

Masses for representative key elements (Ag, Al, Cu and V) based on NAA analyses of the microspheres, the
clectrolyte, and the filter paper are summarized in Table 4a. The key potential source of impurities in the
microsphere film is the electrolyte. However, as seen from the table, the ratio of total mass of the four key
clements in the electrolyte to that in the thin film was < 10% for Ag, Cu, and V, but was comparable for Al.
Thus, atleast for the first three elements, impurities in the electrolyte could not possibly account for present
observations

Table 4a. Key element mass balances from NAA on microspheres, clectrolyte and filter paper before and after
arun. (see next page)

Impurities on the filter paper itself are alsonegligible. The total impurity masses in the electrodes are larger, but
most of it is not "accessible.” For example, while the 11 electrode was 100 pg Cu, ifit is assumed as much as
1% of the Tiin the anode was dissolved and depositedin the Ni film, the Cu would be only 1 g, or 0.1% of the
increased Cufound there. Examination of anode surfaces after the runs indicates no observable erosion. Further,
iflarge erosion occurred, more Ti would be expected on themierosphere surfaces than wasfound. Thus, the 1%
erosion assumed here is, if anything, a gross overestimate. For these reasons, the Ti anode cannot account for
the observed elements in the Ni film, and the ppm of other glements in the electrode rule it out as their source
also. Analyses of the plastic components and other fittings lcads to a similar conclusion for them. In no case
is the upper limit for the amount of accessible material in any system component (singularly or taken together)
cnough to account for the key clement/Concentrations found in the microsphere films, Al being a notable
cxception.

Balances for the many other elements foundin the film have not been carried out (other than for subtraction of
initial amounts found inthe filmby NAA or SIMS prior toa run). Thus, there remains a concern that some may
be associated with trace impuritics. Still, a number of the products found are not nominally anticipated to be
present in materials used initheexperiment. Thus, the likelihood that the entire array could have this origin
seems unlikely.

Several additional checks on possible component contamination were run. In ong, special microspheres with a
conducting surface created by sulfonation were runin the cell with a voltage-current applied to simulate aNi run.
Subsequent NAA analysis of the microspheres (see Table 4b) and the filter paper showedthat no build up of the
important clements occurred onthem. In this case, if impuritics were present from a loop component, larger
changes in the element concentration on the sulfonated beads than seen in Table 4b would be expected.
{Changes there lie within the accuracy limits for NAA and microsphere-to-microsphere variation.) In another
run, the cell was filled with glass microspheres and run at elevated (~60° C) temperature but without an applied
voltage. Again no impurity build up was found.

Additional strong evidence was obtained in more recent work where runs are done ina special "clean” cell where
all plastic parts arc used inthe loop except forthe electrodes. The electrolyte is further purified by pre-test runs.
Results from operation with this new cell are still being analyzed, but preliminary results confirm that the
clements reported here are still formed despite the further reduction of possible impuritics.

There is additional extremely strong evidence that the reaction products are not from external source
contamination. First, many of the products observed show shifts from isotopic ratios in natural elements (seckFig.
11, discussed later), uncharacteristic of normal impuritics. Second, in the other runs (not presented here) many



Table 4a.

Key elermant mass balances from NAA an microspheres, electrolyte and filter paper before and after a run

Microspheres
Element pEm (tresh) used Mass diff (g) | 1000MS

|Ag. 125.4 2554.9 151E-03

Al 11.2 502 _23BE05

Cu 27.0 1840.9 1.11E-03

V') 0.1 26 1.52E-06

Cr 29 11264 6.87E-04

Ni 18210 44205 1.59E-03

Fe 217.2 29566 1.67E-03 |

Zn 154 488 B 2.85E-04 |

Co 0.6 205 1.22E-05 |

used det. limd for ppm of Fe & Zn

Filter Paper

Element ppm (fresh) | Mass in sample Fiter Paper

AQ 0o 8.79E09 | S.No: 89.0
Al 0.9 7.07E-07 [M(sample): 0.81
|Cu 20 1.62E-08

v 0.0 7.79E-09

Electrolyte Electrolyte
Element ppm (fresh) | Mass in system S.Na: 830
Ag 0.03 3.C0E06 M(sample}). 0.82 |
Al 22 2.20E-04 Initial Vol {ml) 100.0
Cu 08 8.00E0S Times Filled 10
v 0.01 9.00E-07 M(in system) 100.0
Efectrode Matans) (T1 two slectrodes) Ti slectrode
Elerment ppm (fresh) | Mass in sample 1 S.No: 850
| Ag 1.3 1.15E-06 M(sample): 0.044
Al 84 7 46E-05 M(of slectrode): 0.444
Cu 120 1.07E-04 # of slectrodes: 20
v 215 181E-O4 M{in system): 0.89

* all masses are expressed in grams'

* M : abbreviation for Mass

* 5. No. ; abbrevistion for Serial Number
* MS . abbraviation for Microgphera

Table 4b.
NAA result for suifonated polystyrene microspheres
Element ppm (before run) ppr{aner runj
Ag 0.7 2.9
Al 123.0 133.2
Cy 64.2 35.1
v 0.8 0.2
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different elements are found, varyving according to the material used for the thin film. If the source were
elsewhere in the loop, the same elements would he expected, irrespective ofthe specific film material. Thind,
as dizcussed later, the vields of key elements appear to be consstent with independent resul tz from different, but
related experiments by Mizuno et al [19], and Chmont and Enyo [22]. Such a coincdence seems unlileely 1f
impurities were involved due to the differences in experimental set-ups.

A noteworthy point related to masshal ancesisthat noticeable quantities of materials were collected on the flter
paper during the run, but thiz material 1z attrihuted to particles brealing off of the film surface under operating
conditions. & SEM photograph ofthe debns on the filter paper after the nickel run 1z shown in Fig. 7. A thin
solid layer of cake-like material 15 wisihle, wath larger flakes on top plus small droplets, both of which appear to
come from the bead surface (cf Fig 2). Additional evidence that this matenal came from the film 1z based on
runs where conducting plastic or glass microspheres were employed and material paper on the filter did not
collect, confirming thatthis material does not originate from the electrode, cell walls.oriotherloop components.
Mads shows a composition similar to

the film. Thuszifelements contained in

these materials were included in the Leble s Prodnshonratedafa

analysis as belonging to the film, even Yieid (per microsphere)

larger yields would be reported. Z | Bement |“AtomicWt | (tn/sicc) | (atomisiec)
14 Si 28.09 1.08E-01] 2.25E+15

Fig. 7. SEM photograph of debriz on 16 S 32.06 S.3rc-0d] 7.04E+14
filter paper. 21 Se 44 86 1.12E-D4| 2.34E+12
22 Ti 47 B8 9.88E-03| 2.06E+14

. 23 v 50.84 4 46E-D4| B 31E+12
In summeary, the finding that the masses 24l % Cr 52 00 2.27E-01] _4.756+15)
of the key 1zotopes are large compared : Fe EE B85 2.70E-01] 5.64E+15|
to possible sources of such i1sotopes 25 Mn 54.54 1.50E-01] 3.13E+15]
from loop components, the negative 27] Co 58.83 2.96E-03| 6.18E+13]
results from simulation mins without Mi 291 Cu 63.55 2.78E-01] 5.81E+15)
films, the ohszervwation of 1sotope shifts 30, 2Zn g3.39 B.1SE-02] 128E+15}
from natural  abundance, and.the ol - 89.72 2.20E-041 4.73E+12
; ; ’ : a2 Ge 72.59 1.75E-02| 3.65E+14
oh servation that the.1 sotopes vgnxj.r-mth 34| Se 78,96 1.88E-01| 3.92E-15l
film matenal, combine togpravide very 13 A= 7492 7.37E-02]  1.54E+15
strong  evidence that the products 38 Sr B7.62 2.74E-05] 5 72E+11
reported are due to nuelear reactions. 37l Rb B5.47 1.07E-06] 2.24E+10]
The next izsue iz to consider what 39 Y B8.81 4.28E-05| B8.93E+11
reactions can  account for  these :g ':L :;ﬁ fg:gﬁ ;:E*:?

: ] ! 96E+

QSETIRNOnE 41l Nb 92.01]  0.89E-05| 2.06E+ B
48| Pd 106.42 1.26E-02| 2.62E+14

BEACTIONERECDHCT 48 cd 112.41] __ 2.12E:01] _4.43E+15
SYSTEMATICS 47 A 107.87]  1.69E-01] 3.53E+15
50 Sn 118.71 5.7TE-03] 1.21E+14

FRODUCTION RATES 49| In 114.82 4.78E-05| 9.87E+11

Te 127.60]  140E-02] 2.93E+14
Sb 121.75]  4.72E-03] _9.85E+13)|
Ba 137.33] _ 4.88E-04] 1.02E+13]
Sm 150.36 8.52E-05| 1.78E+12

Based on the wield data presented
eatlier, time-averaged element
production rates are computed in Tahle

SEI S R
£

5 and plotted 1n Fig. 8a and Fig. &hin aa :'53';:: gf;gﬁ ;;?E::;
terms of weight fraction of the metal Dy 162i50 2:IJ1E—EI£ 4 2011
film/s-cm® of film and atoms/s-cm® of Ho 164 93 2 ME05| 4.89E+17
film respectively.  These figures Yb 173.04]  3.44E05 7.19E+11
assume that the production rate was Fb 207.20 550E-03] 1.15E+14

constant
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over the 310 hour run. There is some preliminary indication that the rate is higher at the start, and the time
dependence, along with the effect of microsphere location, is now under study.
As seen from Fig. Ba, the large vield elements Cr, Fe, Se, Cu, Cd, and Ag have weight fraction (lL g of element
per pg metal filmat start of run) production rates exceeding 0.1/s-cm’. This corresponds to a rate of roughly 10™*
H g/sec for the full 1000-microsphere cell, or a run total of roughly 1 mg/element. In terms of atoms produced,
the high yield elements have rates of ~10'%/s-cm?, suggesting anuclear reactionrate of corresponding magnitude.

Then assuming these five elements dominate and are created at 10'%/s-cn® each, operation at 0.5 watts for the
1000-microsphere cell corresponds to an average energy release of roughly 6 x 107 MeV/atom reacting Such an
energy release is easily obtained by various exothermic nuclear reactions (Miley [13]) but asdiscussed later, due
to the formation of heavy elements like Cu, Ag, and Cd, some endothermic reactions "absorb" energy. Thus the
0.5 W excess must be viewed as a "net" energy release from these various reactions.

The corresponding total increase in element masses, or in element atoms, are presented in Fig. 9a and Fig 9b,
respectively. Consistent with the production rate graphs, these figures show total yields per microsphere
approaching 0.1-0.2 g per high yield element, or 3-6 atomic % in the metallic film.

It is interesting to compare these results to those reported by Mizino et al. [18], whoran a high-current-density
Pd electrodeina cell at high pressure and temperature with a heavy water Li,CO; electrolyte. They report arich
varicty of reaction products at 1-mm depth, concentrated in groups with atomic numbers 6 , 20-30, 46-54, and
72-82. Earlier, Bockris and Minevski [0] had reported a similar array of elements beneath the surface of a Pd
electrode, separated from surface impurities. While 1sotope shift studies were not undertaken, they argued that
these elements were not impurities based on diffusion considerations. While a one-per-one comparison is not
possible since the present study used Ni rather than Pd, this distinct grouping of products is consistent with the
present results where major products group betweenZ= 12-14, 20-30, and 46-56. The resemblance is seen from
Fig. 10, where Mizuno et al.'s (and also Bockns and Minevski’s) results are superimposed on the present data.
Since neither Mizuno et al. nor Bockris.and Minevski reported absolute yield values or rates, for comparison,
their results have arbitrarily been normalized to the present Cu production rate. With this normalization, a
number of the production rates for.other high yield products agree reasonably well with Mizuno et al's results,
e.g., note from Fig. 10 that Si, Cr Fe, and Cd lie close together. Agreement with the Zn and Ag yields from
Bockris and Minevski’s expériment is good, but their other high vield products (Mg, Si, Ca, Fe, Pt) have
somewhat higher production rates than found in the present Ni microspheres. A larger variation in lower yield
elements is observed among these three experiments where various elements are found in one experiment and
not the others. Two noticeable differences are the high yield of gases (Xe and O) and the yields at high Z72-82
group, including Os, Au, Hg found by Mizunoet al., and Pt found by Bockris and Minevski. Differencesin gas
vields might be anticipated. Gases are expected to diffuse out of the thin films used in present work, hence
would not be found in SIMS results. The reduction of other products in the 72-82 group in present experiments
is probably associated with the use of the lower Z Ni host material (vs. Pd). In conclusion, the resemblance of
certain key features of the present results and those of Mizuno et al., and also Bockris and Minevski, is striking,
In niew of the major differences in cell construction, this resemblance adds credence to the already strong
arguments by all three experimental groups that the observed elements are not impurities.

Fig. 10. Comparison of present production rate data with Mizuno et al. and Bockris and Minevski.

The large production rate of Fe found here also has a resemblance to the observation by Ohmori and Enyo [22]
that notable amounts of Fe was formed in clectrolytic cells with Au and Pd clectrodes and various light water
clectrolytes. They report Fe yields of ~10' atom/cm” (17pg and 38jug maximum from Au and Pd electrodes,
respectively). The present Fe production rate of 5.4 x 10"° atoms/s-cm® (c£ Fig. 8b or Fig. 10) corresponds to 5.9
x 10* Fe atoms/cm’-film. For the 650-A film thickness, this is equivalent to about 3.8 x 10*® Fe atoms/cm?, in
reasonable agreement with Ohmori and Enyo's measurements. The vield of Fe in present work from Fig. 9a
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1s ~0.22L g/microsphere, or ~0.2 mg total forthe 1000 microsphere cell --about 10times the Ohmori-Enyo yield.

A major factor in the higheryield is probably the larger surface area (~32 cm?) of the microspheres vs. the 5-cm?
plates used by Ohmori-Enyo. Other factors, such as input power, electrolyte, etc. must also affect the results,
but attempts to optimize cell conditions inthese varied experiments seem to have resulted in amazingly similar
Fe production rates.

ISOTOPE SHIFTS FROM NATURAL ABUNDANCE

Differences between the isotopic percentage concentrations observed with the SIMS vs. those for natural
abundance for the reaction product elements, listed earlier in Table 3, are summarized in Fig. 11. The accuracy
of these measurements is estimated to be of order of £3% in the difference when high resolution is employed.
High resolution was usedto eliminate possible line overlap in all important cases, but with the large number of
clements found, this was not possible for all of the lower yieldisotopes. Thus, thoseresults must be viewed as
less certain. Ofthe higher concentration elements, Fe and Zn, show significant deviations. Crand Ag are in the
+3-5% range, while Cu is in the 1% range. Many low-concentration elements show quite large differencese.g.,
Ti-50, +77.7%; Ge-72, +21%; Se-82, +32%:; Zr-96, +97%:; etc. There ar€ no obvious patterns, however.

Fig. 11. Isotope shifts (percent SIMS - percent natural abundanee)ws. Mass Number, A.

To further study the deviation from natural abundance for the vital isotopes of Cu (Cu-63 and Cu-65) and Ag
(Ag-107 and Ag-109) special NAA isotope measurements (deseribed earlier) are underway. First results for the
present Ni run, based on a sample of 10 microspheres, indicates a deviation from natural % abundance of +3.6
+ 1.6% for Cu-63 and -8.1 + 3.6% for Cu-65. (Since.the two results are from different lines, unlike SIMS,
slightly different values can occur in the + and - values for pairs.) These results are to be compared to a deviation
of +0.8% for Cu-63 and -0.8% for Cu-65 fromthe SIMS data. The reason for larger percent differences with
NAA than SIMS is not clear. A possible explanation is that as stressed earlier, the SIMS results are localized
on a spot on a single bead film whereas,the NAA value represents the ratio of total amounts of each isotope
contained in films on the 10 microgphereysample. These issues are now under study employing multiple
measurements with a sample matrix, of microspheres.

The trend inthe Cushiftsfoundhere is similar, but smaller, than reported by Mizuno et al. [ 19] who cite Cu-63,
+25% and Cu-65, -25%. Shiftsfor Fe have been reported by Mizuno et al. and also by Ohmori and Enyo [22],
and arecompared to present results in Table 6. While differences are observed, two isotopes, 56 and 57, do show
the same trend for all cases.

Table 6 Isotope shifts reported for Fe in various systems.

Difference from a/o, in percentage
Present Ohmori/Enyo Mizuno et al
Ni* Au Pd Pd
Nat a/o

Fe-54 5.8 -0.1 +0.7 +2.0 (a)
56 91.7 -4.8 -14.2 -6.3 -21
57 2.2 +5.2 +12.3 +4.0 +20
58 0.3 -0.3 +1.2 +0.3 (a)

*Electrode Material
(a) Not Reported

While a more detailed comparison ofthe various shifts isnot possible due to material differences, the observation
of a large number of isotope shifts in Fig. 11 is consistent with the large number of deviations reported by
Mizuno etal. [19] They used this observation to argue that the elements observed were due to nuclear reactions,
rather



Miley, Patterson 19

than impurities. The possibility exists for some isotope separation due to diffusion in the host metal, but that
effect seems unlikely to account for the varied changes observed. In conclusion, Mizuno et al's isotope shift
argument against impurity sources applics to thepresent results also, and, combined with thelarge productyiclds
compared to possible impurity sources, strongly supports the nuclear reaction hypothesis.

REACTION MECHANISM CONSIDERATIONS

A nuclear explanation for the products observed here requires an entirely new theory for chemically assisted
reactions in solids. Here itis possible only to point out some features that should be considered in such a theory.

As several workers have stressed (Miley et al. [11], Preparata [26], Hagelstein [4]), any theory for reactions in
solids must explain: 1) how the reactingions overcome the Coulombic barrier, and 2) what reactions take place
after the ions interact. In the present case, the SEL theory cited carlier offers’a_possible explanation for
overcoming the Coulombic barrier between ions in a thin-film electrode. While'only.a single film was used in
the Ni run, aFermi level difference can develop at the plastic/film interface or.at any oxidized region on the outer
surface. More work, is nceded to obtain definitive evidence for the validity of this theory, however. And even
if SEL theory is accepted, the key issue of what reactions occur after barrier penetration remains open.

In view of the large yiclds obtained, the reactants must involve some of the key species present, namely: Li, S,
or Ofrom the electrolyte; C and H from the plastic microsphere core; Ni from the thin films (cathode); and
protons (p) from the light water. The isotope vield profiles do not indicate that elements from the electrolyte
participated inthetransmutations. Further, unpublished results (I, Patterson, 1996b[25]), indicate that operation
with a Na-based electrolyte (vs. Li) results in similar heatingrates. Carbon from the plastic can not be ruled out,
but is viewed as an unlikely participant. Forthese t€agons; the following assumes that the main reactions involve
p-Ni interactions, with protons possibly comingfrom<the plastic core as well as the electrolyte.

The concept that excess heat from electrolytic cells originates from reactions involving the electrode material,
¢.g. Pd electrode, is not new. Indeed, Ragheb and Miley [11], originally proposed that in a heavy water cell,
Oppenheimer-Phillips-type neutron-stripping reactions between the ID and Pd mightexplain early observations.
Later, Miley (Appendix B in Hoffinan [13]) summarized the status of such theories, and ironically introduced
a table of possible p-Pd reactions (including examples of fission-type reactions). The present Ni results add a
new dimension to these thoughts; however.

The present data provides information on a number of characteristics that any successful model must explain.
Most importantly, the model must predict the large vields of the high-concentration elements, withoutintroducing
added products notobserved. This fact alone rules out many possibilitics, e.g., a simple p-Ni reaction followed
by a succession of p reactions with products, plus fission of some clements (cf the multi-D Pd chain proposed
by Mizuno et al. [19] to explain their Pd-heavy water results) fails this test.

In this respect, one aspect of present data noted earlier, is that gaseous products can diffuse out of the thin films.
Thus, theoretical models with gaseous products, e.g., He, Xe, and Kr, should not be ruled out based on present
data.

Other key features observed in Fig. 8 and Fig. 9 that must be accounted for by any theory include the "gaps”
between high vield products and the high Ag and Cd yields. Ag (and Cd) production is particularly challenging,
since Ag occurs in large quantitics but is not favored energetically. Ag's position, well to the lower binding
energy side of Ni, infers an endothermic reaction (negative (J-value), which in turn suggests energy transfer to
the reactants must occur to drive the reaction. (This is analogous to driving negative (Q-value reactions by
colliding high-energy reactants using accelerated beams. As defined here, Q values are the energy released due
to the mass difference between reactants and products, assuming that the reactants enter with zero kinetic or
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excitation energy.) Consequently, the model must contain amechanism for energy storage/transfer to reactions
involved in high 7 element production.

A postulated reaction model, RIFEX (Reaction in a Film-Excited CompleX), is under development to satisfy
these key characteristics. A major feature of RIFEX is that protons (p) interacting with the host Ni and
neighboring isotopes produces a relatively long lived atom-p complex with excitation energies of orders of
several MeV. This allows production of clements such as Ag with —Q-value recactions. Other products are
produced by negative Q-value reactions via fission of compound nuclei. This model will be presented in detail
in a future publication.

CONCLUSIONS

The results presented here defy conventional views in many ways. First, chemically-assisted nuclear reactions
are not widely accepted by the scientific community. The present results not enly cenfront that disbelief, but
add a new dimension to the issue by reporting copious light and heavy clement reaction products that seem to
imply multi-body reactions due to the formation of heavier clements suchias Cu and Ag from Ni. Further, a
reaction which does not emitintense high-energy gammas is required by the experimental results. All of these
features are difficult to comprehend and at first glance seem topoint to impuritics. However, as stressed, an
extensive effort to find an impurity source has not uncovered one. Also, there is other strong evidence (such as
isotope shifts, the different products occurring when the coating material is changed, and the similarity inyield
trends with results from other workers), which supports the conclusion that the elements observed are reaction
products.

Fortunately, cell experiments of this type are relatively straightforward and inexpensive. Thus far, reaction
products, such as reported here, have been détected by the authors in all dozen experiments of this type
performed, using a variety of metallic films. Inithis sense, the phenomenon seems highly reproducible. The use
of thin films as developed here offers a way to simplify the analysis since a large fraction of the film contains
the new clements and their localization in the film allows a qualitative determination. Hopefully, open-minded
scientists will attempt to replicate the experiments to convince themselves. If verified, the thin-film approach
to chemically assisted nuclear reactions opens the way to a whole new field of science.

[For another explanation of ‘everé¢oming the Coulomb barrier, see Shoulders & Shoulders, and Fox, Jin, & Bass
papers in this issue. -Edi]
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Fig. 6. Nickel microsphere exposure on Kodak ASA 3000 Polaroid film.

Fig. 7. SEM photograph of debris on filter paper.
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ISOTOPIC CHANGES OF THE REACTION PRODUCTS
INDUCED BY CATHODIC ELECTROLY SIS INPd

Tadahiko Mizuno', Tadayoshi Ohmori*, Michio Enyo?®

ABSTRACT

It was confirmed by several analytic methods that reaction products with mass numbers ranging from 6 to 220
are deposited on palladium cathodes subjected to electrolysis in a heavy water solution at high pressure, high
temperature, and high current density for one month. These masses were composed of many elements ranging

from hydrogento lead. Isotopic distributions forthe produced elements wereradically-different from the natural
ones.

INTRODUCTION

Since the announcement that, successfully alarge amount ofheat generation had occurred by simple electrolysis
in a heavy water solution using a Pd electrode, nuclear reactions in a solid electrode at ordinary temperatures
have been reported by many experimenters. Especially, the phenomena attracts much attention because of the
generation of energy. However, this phenomenon is still not well accepted among researchers because of poor
reproducibility and control and moreover the lack of the knowledge for the mechanism. Whatis urgently needed
now is to obtain precise and quantitative relationships between potential nuclear reactions and their
corresponding reaction products.

Many claimed that if nuclear reactions. have:been induced by clectrochemical reaction occurring in solid
clectrodes, there must be clear evidence such as the evolution of radioisotopes and radiation. Morcover, the
evolution rates ofthe reaction products should be quantitatively explainedin terms of the proper nuclear reaction
mechanisms. But such claims could be upheld if the reaction mechanism consisted of proper theories. However,
there is no proof that the ¢onventional mechanism explains the observed reactions.

It is difficult to detectthe emission of radiation and radioisotope ifthe mechanismis different from the standard
onecs. In this work, evidence which indicates the occurrence of some nuclear reactions is presented, in the form
of isotopic changed clements in and on the cathode surface. These products have been obtained with a
mechanism which had not induced any detectable radiations. The anomalous isotopic distribution of these
clements shows they do not come from contamination. For example, natural chromiumis 4.3% Cr50, 84% Cr52,
9.5% Cr53 and 2.4% Cr54. But the chromium found in the cathode was 14% Cr350, 51% Cr52, 2.4 % Cr33 and
11 2% Cr54. Natural isotopic distribution varies by less than 0.003% for chromium. We represent that the reaction
mechanism
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was completely different from the accepted nuclei formation process. However, we attempt to explain the
process which produced these anomalous products by the mechanism within the framework of the proper theory

[1].
EXPERIMENTAL

Palladium rods used were of high purity (99.97% min.) supplied by Tanaka Noble Metals, Ltd. Impuritics in the
sample were as follows; B: 110, Si: 10, Ca: 9, Cr: 10, Cu: 6, Ti: 5, Ag: 44, Mg: 1, Pt: 20 and Au: 23 ppm,
respectively. Nothing more was detected by atomic absorption photospectroscopy. The Pd rod was evacuated
in a 5x10° Torr of vacuum at 473 K for 6x10° sec to begin. Heavy water was supplied by Showa Denko, Ltd.
Itis 99.75% pure andincludes 0.077 micro Ci/dmy’ of tritium. The heavy water was purified once ina quartzglass
distiller. Reagentgrade lithiumhydroxide was obtained from Merck, I.td. Impurities in thereagent werespecified
as follows; 1i,CO5: 2% max, Cl: 0.05%, Pb: 20, Ca: 200, Fe: 20, K: 200 and Na:200 ppm and the other
impurities were under detectable limit by the atomic absorption analysis. The/anede and recombiner catalyst
were, respectively, ahigh purity (99.99%) Pt plate and aPt mesh. The Pt metal isspecified to contain impurities
as follows; Rh: 18 ppm; Si, Cr and Pd: 2 ppm; Au, Ag, B, Ca, Cu and Fec: less.than 1 ppm. Other impuritics were
under the limits of detection.

Electrolysis was performed in a closed cell made of stainless steel. The cell has another inner cell made with 1
mm thick Teflon; the height and diameter are 20 cm and 7 cmj the volume is 770 cm?. The details have been
described elsewhere [2]. Before the electrolysis experiment, electrolyte was pre-electrolyzed with other Pt mesh
electrodes at 1 Aand 150°C for 6 x 10° s (7 days) inthe. cell with the upper cover closed. After, the Pt electrode
was removed and the Pdrod sample was attached atthe terminal part. Electrolysis experiments were performed
at a current density of 0.2 A/cm?, total current of 6.6.A(33 cm?x 0.2 A/cm?) at 105°C for 2.76 x 10°s (32 days).
After the electrolysis rod was washedby Mill Qwater(Mill Q-lab; Japan MilliporeLtd.) and covered by a Teflon
tube. The analysis samples were prepared by cutling the rod into 1 cm lengths and again cut into two half~moon-
shaped masses by a diamond cutter. The.sample clectrodes were supplied to clement detection after removing
the Teflon coat, washed by the Mill Q water for energy dispersive X-ray spectroscopy (EDX), Auger clectron
spectroscopy (AES), secondary ionmass spectroscopy (SIMS)and electron probe microanalyzer (EPMA). EDX
measurements were done by 20keV. of electron irradiation and varying the scanning arca; the energy spectra
were measured by Silicon Li drift detector. The range of analysis energy was zero to 20 keV; the interesting
range was divided into 1024 channels of energy width. The resolution power of energy was 150 eVat 5.9keV,
practically that was 200'eV. Peaks were calibrated using high purity of C, Al, Si, Ti, Cr, Mn, Fe, Co, Zn, Sr, Nb,
Mo, Pd, Ag, Sn, Ce, Hf, W, Pt, Au and Pb. AES analyses were performed to obtain the depth distribution of
the elements by ANELVA AAS-200;theion irradiation energy and the current are 3 keV and 2.5 Arespectively.
EPMA-8705 of Simazu L TD. wasused to obtain the clements distribution onthe samples. The IMA-3 of Hitachi
Co. analyzed for SIMS measurement; O, ions were irradiated on the sample as a spot diameter of 100 micro
meters square having primary energy of 12 keV and 100 nano-Amperes of ion current. Resolution for the mass
was m/e=10,000. Mass numbers were calibrated by high purity metals of Li, B, C, Al, Si,Ca, Ti, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Sr, Nb, Mo, Pd, Ag, Cd, Sn, Ce, Hf, W, Os, Pt, Au and Pb; no isotopic changes existed in the
calibration measurements over the natural deviations.

RESULTS

EPMA analyses were done first to obtain the elements’ distributions on the sample surface. There were no
detectable depositions on the Pd before electrolysis. And there also no detectable depositions on the surface in
case ofthe current density kept under 0.2 A/cm?®. Moreover, no deposition was seen if the current density was
kept up to 0.2 A/em’ with no change. Many elements have deposited on the surface and distributed irregularly;
these concentrations were changed with samples. The elements that have commonly been detected were C, O,
S, Cl, Si, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Pd, Sn, Pt, Hg and Pb for all the samples. TheamountsforCa, Ti,
Cr, Cu, Pt, Hg and Pb were abundantly present and differed more than 3 times at the surface place compared with
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C, Cl, Si, Mn, Co, Ni, Zn and Sn which existed rather uniformly. These changeable elements were also
fluctuating with sample lot as 3 times deviations. It means that uncontrollable factors such as surface conditions
are of main importance for the reaction.

Depth distributions of the several elements were decided for one micro meter by the AES measurement. Carbon
and Oxygen atoms occupied 40 atomic percentages respectively and Cr, Fe, Ca and Cd elements were detected
as few atomic percentages; Oxygen concentration once increased in the bulk layer about 65% and gradually
decreased with depth; carbon atom concentration gradually decreased with depth but other clements kept almost
uniform.

Several elements were detected in the Pd electrode by the EDX method; the measurements were taken to
determine the rough concentration for the elements because in the SIMS measurement the mass peaks have a
possibility to contain other molecular peaks. Fig. 1 shows typical results before and.after electrolysis. Several
peaks of Pt, Cr and Fe are clearly scen; these amounts were comparably with Pd bullkepeak. And less amounts
for Sn, Ti, Cu and Pb elements were also clearly observed. The EDX analyses were repeated on various places
of the sample; the deviation for the EDX counts sometimes reached to 10 timesin various places. This change
was depended on the scanning arca. Deviation was 10 times for 10 micro meter square scanning arcas but it
decreased 2 times for 100 micro meters square. It can be suggested that the reactions had occurred in quite
restricted places.

The amounts forthe evolved elements were finally estimated as«detected by SIMS measurement; atypical result
obtained for the Pd surface electrolyzed by 0.2 A/cm? of current density is shown in Fig. 2. Mass number for 1
to 210 were detected and most of the masses have morethanseveral hundred count numbers; it can be estimated
for the counting crrors were within few percentages, However, while there were only 1, 12, 16, 102, 104, 105,
106, 108 and 110 of mass number peaks existedin the'before-processed Pd sample. The EDX, AES and EPMA
methods were complimentary used to correspond a mass Spectra to a certain atom and decide their isotopic
distributions. The procedure is described as follows: (1); the mass number were decided in the first from light
mass number. (2); the mass number were adjusted with the EDX and AES spectra. (3) the large count number
of mass peaks was confirmed by the existence of their molecular ion and oxide ion peaks. (4) the final mass
spectra were estimated by multiplving the factors of counting correction to the original count of cach mass. Fig.
3 shows the factor when the O, 1en was irradiated for the analysis. The factor shows very high and low value
at the inert gases and alkali metals respectively.

The ratios ofatomic number for the mass were finally estimated with theabove mentioned procedures. The ratios
were shownin Fig. 4 normalized with the total mass setas one. Typical counts by EDX and SIMS ranged from
10 to 10° and were 10 to 100 times higher than the background counts. Thus, the presence of Ca, Ti, Cr, Mn,
Fe, Co, Cu, Zn, Cd, Sn, Pt and Pbwas clearly confirmed. These clements are mostly grouped in four ranges of
mass numbers: lightest elements under 50 mass number, light elements from 50 to 80; middle clements 100 to
140; and heavy elements from 180 to 208. The ratio of the mass numbers from 102 to 110, which correspond
with Pd atom, is under 1% of total even if it was bulk substance; the large ratio of existence for Oxygen and
Xenon pull down their values. The reason for these high ratios can be considered that the many gas atoms may
be released and successively contribute to the counting rate from the spot place heated up by ion bombardment.

AES and SIMS measurements were also made after bombardment by Ar' and Oy ions, thus removing surface
layers, butthe element concentrations at 1 micro meter below the electrode surface were decreasedto 60%, 10%
and 1% at the surface at 5 microns depth and 10 microns depth. Many holes and cracks having 1 to 10 microns
of opening size were observedin the bulk layer; The sameclements, having almost the same concentration, were
also found at the inner surface. The SIMS analysis showed other elements; As, (Ga, Sb, Te, I, Hf, Re, Ir, Br and
Xe. These clements, except Xe, were difficult to detect by AES and EDX because the peaks were very close and
sometime overlapped with others and these were lower thanthe detectionlimits by the measurements. X¢ atoms
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are naturally difficult to detect by EDX method because such gas atoms easily escape during ion bombardment
from the spot area. The SIMS count numbers ranged from 1P to 10° where the background counts were as low
as ~10, so we have confidence in these results. In Fig. 4 we show the peak intensities normalized with the total
peak. The intensity of Xe was 10 times larger than Pd; it may be that the gas was released by bombarding with
O, ions which caused a temperature rise at the sample.

No peak except Pd has been observed after pre-clectrolysis on the Pd surface. Pt and Pd concentrations in the

clectrolyte after experiment were 10 and 15 ppm respectively by atomic absorption measurement and no other
elements excepts for Li was observed. Total amount for the elements existedin 1 micro meter depth of Pd surface

were calculated as follows; C: 0.37, S: 0.67, Ca: 0.55, Ti: 0.86, Cr: 7.0, Mn: 0.005, Fe: 0.17, Co: 0.0057, Ni:
0.0157, Cu: 0.026, Zn: 0.80, Mo: 0.005, Pd: 4.77, Cd: 0.105, Sn: 0.069, Pt: 0.025, Hg: 0.0375 and Pb: 0.021
atomic percentage. The total deposited elements on the Pd and the calculated summation for the impurity in the
electrolyte and Pd samples are plotted in Fig.5. Here, the total impurities except-for Ca are less than the
deposition amounts; especially, Mn, Ti, Cd and Hg were not present as an impurity.

Large differences in isotopic distributions compared with the natural distributions were observed by the SIMS
method for Cr, Cu, Zn, Br, Xe, Pd, Cd, Hf, Re, Pt, Ir, Pb and He. The typical concentrations and their ratios for
Chromium isotopes are shown in Fig. 6 for an example; the concentrationsexcept Cr52 decreased exponentially
with depth but Cr32 has a peak at 0.5 microns and they showed large'shift in isotopic ratios: all the ratios are
shown with the ratios of Cr32 which exist in natural most abundant. The reasons that we represented such the
existence ratios for isotopes instead to show the results calculated by the ratios to the total existence were to
avoid misunderstanding to some change of the isotopic distribution probably caused from mixing with others
elements; for this chromium case the mixing may be raised with the existence of iron atom if there are Cr and
Fe, may be Cr54 and Fe54 peaks overlapped together even if we employ such the high resolution SIMS
measurement of m/e=10000 still the mass difference-between Cr34 and Fe54 is only 0.0000135. That means it
is impossible to divide their two isotopesby the, SIMS measurement having the resolution power. However, we
can seclarge deviations forisotopic existence with natural ones, that means, these arc higher than Cr52,1i.¢., Cr52
is less than others, in the figure where the matural isotope existence is plotted at the 3 microns depth position.
These isotopic distribution changes.ocecurred mainly within the layer of most outer surface in 1 microns and their
ratios approached normal values teward the inner bulk layer.

InFig. 7, Pdis shown to have large shifts in abundances. Their concentrations are represented with the ratio to
Pd106 which exists in natural as most abundant. Their atomic concentration increased with depth. This means
the concentration of otherdeposition relatively decreased. Especially, amounts of Pd104 and 110 arc higher value
than the natural ones that values are shown at 3 microns depth in the figure.

In Fig. 8, Lead was seen. The Pb fluctuations are larger than Cr and Pd because their counting rates were one
or two orders less. Their concentrations are represented with the ratio to Pb208 which exists in natural as most
abundant. Their atomic concentrations show constant except 208 which increased with depth. The isotopic
distributions for Pb206 and 207 are lower value than the natural ones that values are shown at 3 microns depth
Figure 8.

Neutron intensity and the energy measurements were carried out simultaneously, in parallel. The neutron
evolution rate was sporadic and weak, as previously reported [3], with levels of ~0.4 counts per second. No gases
such as He, O, and Ar were detected during clectrolysis experiment. Excess heat generation was less
reproducible, but was detected and the value was the order of 107 joules [4].
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DISCUSSION

Essentially the same phenomenon was confirmed five times with high reproducibility at high cathodic current
density, above 0.2 A/ent’. Current density ranged from 0.2 to 0.6 A/ent’. Different isotope distributions were
obtained, depending on the current density. This will be described more fully in an upcoming paper. It canhardly
be imagined that all of the elements found were impuritics inelectrolyte, electrode or cell. Even if we suppose
that all impurities in the system accumulated inthe cathode, the amount would be 10 to 100 times smaller than
the total amount we detected. Furthermore, it is simple impossible to explain the shifts in the isotopic
distribution. Hence, it must be concluded that some novel reactions occurred, resulting in the reactants which
were found abundantin the electrolyte and electrode material. We assume the cathode palladiumwas the starting
material for these reactions, but it is possible that impurities and other cell components such as Li, D,0, Pd, Pt,
K, Na, Ca, B, C, Ag and Fe may have provided the starting material for the nuclear reactions.

The palladium surface became rough and porous after several weeks of electrolvsis, probably due to hydrogen
attack. The current may have increased in such roughened surface arcas, which would in turn cause a larger
reaction and a higher concentration of the reaction products. Enyo [5-7) teported that the effective hydrogen
pressure at the hydrogen evolving electrode depends upon the hydrogen atom recombination process which
follows the water discharge process; the total hydrogen overpotential 1, is represented by addition with two of
components by 1), = 1), +1N,; where N, and 1}, are arisen from discharge and recombination process. The 1), is
a slow step compared with 1, of Tafel step for the normal palladium surface. But the claim can be held at a
completely flat and uniform surface. The values of 1, and Myare only estimated as averaged over the whole
surface. The division of the overpotential between these two.steps may be important. It was suggested that at
Pd electrodes in alkaline solution the effective hydrogen préssure may rise as high as 10 atm [8,9]. There may
be further increases at local points on a heterogencoussurface. One may even speculate that the hydrogen isotope
nucleus sometimes closely approaches the meditim nucleus [10]. An estimate by Nernst Equation indicates that
5 x 10 atm of pressure may be realized at 140mV of overpotential at the electrolysis current density of 0.2 A/
c¢m? on a flat palladium surface [11]. Fusthermore, the pressure distribution depends on the roughness of the
surface, becauselocal current density and the partition of overpotential components may vary with roughness.

There arc several reports [12-14) of cvolution of ¢lements by clectrolysis. However, only a few [15,16]
demonstrated shifts in isotopic abundance. For a gold electrode |17], which also generated various elements by
cathodic electrolvsis, differentisotopic distributionswere seen. Inthis case also, the reaction sites were unevenly
distributed on the surface. Typically, the active points may have occupied about 10° cm? areas and numbered
10%to 10° per ent at the surface. Thus, the currentis likely tobe concentrated at localized points 10 to 100 times
higherthan average. Morcover, the rate control may be changed at the parts by the condition of electrode surface,
the recombination process becomes slow step compared with the discharge process; the over potential caused
from the recombination process can be a considerable part of the over potential. Total cell voltage reaches
sometimes more than 1 Voltat 0.2 A/cm?2 of cathodic current density in alkalinesolution. The major overpotential
may be occupied by the discharge process at a flat and uniform part of the Pd surface, however, at the top of the
Pd partwhere are rough surfaces, the major partof the overpotential may be occupied by recombination process.
Then, the overpotential due torecombination process becomes more than 0.3V if the process occupied 2 times
bigger than the usual if the current density reached more than 1V, We can conclude the statistical hydrogen
pressure exceeds more than 10'° atm at the parts of Pd electrode.

Hydrogen gas and the clectrode atom are compressed and changed like a metal solution under the such high
pressure. The distance between their atoms were approached and entered through the clectron shicld. The
hydrogen atoms canoccupy the orbit according their spin quantum numbers. More electrons take the higher orbit
and it occurs some possibility that can induce proton and neutrons into enter heavy nucleus under the above
mentioned conditions [18]; two, four, cight and ten hydrogen and deuterium atoms can enter at the moment in
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the heavy nucleus. Ifthe reactions start from palladium as the electrode material, fusion and fission may take
place simultaneously. Several possible reactions might be considered:

“WPd+2iD ~ 1%pd, - oCd
“GPd + 4D~ 'GPy ~'GSn
USpd + 82D ~ 1BPds - 2¥e
12pd + 82D + 'ZPdS -+ 5Xe ~ U5Sn + 4B"
Pd + 2D —+ SPd% - WX BTk + 2
Pd + 82D + SPdS - % Xe ~ 2iSb + 3"
15pd + 83D + EPd'S ~ % Xe ~ BTe + 2"

4

i

i

Here, left-hand sides in the equations are the reactants, right-hand sides are the products and the middle arc the
intermediate states that arc unstable due to containing excess protons andneutrons; the bottom subscript at the
right-hand side of the intermediates represents the proton number.and the top superscript represents the total
nuclear number which is connected with nucleus as the hollow atom. It can be assumed that these particles will
stay in a stable orbit according to their quantum spin number as theisame concept with electron orbits. The
connecting nuclei are caught into medium nuclei by the force of high external pressure.

Other reactions have to be assumed because many light ‘elements were observed. They may be as follows:
R & 35D~ 2V HE
50Ty 52 4
—+ 51+ 2 0r+ SHe

~ ¥ Ca+3Fe + e
Generally, one can write the fission reactions as follows:
10426Pd + 221D - nA +46-nB g gHe

In the case of platinum deposited from the aug. electrode to the Pd electrode surface, some reactions may be
involved, such as:
Pt + 23D -+ Py B

SEPL+ 41D -+ SSPE - 5Pb
They may induce fission reactions as follows:

AR + 21D~ X Fe ol
195 2 136 59 4
Pt + 27D = " Xe + . Fe +He
l
PCo+ DB
196 2 136 60 %+
=Pt + 21D = " Xe + 5Fe + ;He
l
60 Ny -
SeNi + 28
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Atomic numbers of 20, 28, 50 and 82 are called magic numbers. Here, Xe136 nuclei are abnormally increased,
and hence the number of neutrons changes to magic number 82, and especially stable nuclei are selectively
produced. In this way, the isotopic distributions of the products after electrolysis can be explained in terms of
the difference of binding energy of the nuclei.

It must be admitted that these reactions have no solid, detailed theoretical basis yet, but in broad terms this can
explain most ofthe eclements which were observed. One may alsoimagine that as such transmutation reactions
were presumably taking place during the clectrochemical process, they are likely to be connected with other
phenomena such as hydrogen embrittlement and local corrosion.

CONCLUSION

Anomalous evolution of various elements in palladium electrodes was confirmed_after high current density
cathodic electrolysis under high temperature and pressure for a long time. The following conclusions were
drawn:

(1) The mass number of the evolved clements was distributed roughly infour groups: less than 20, 20 to 28,
46 to 54 and 72 to 82, with the amounts, respectively,10 %o, =50 %y 10, %a:and <5% compared to palladium.

(2) These evolved elements were found on the surface, and.alse in the bulk ofthe clectrode in amounts 10
to 100 times smaller.

(3) Many evolved elements accumulated in holes and ¢racks on the electrode which formed during
electrolysis.

(4) Some of the evolved elements have isotopic distributions drastically different from natural ones,
especially for Cr, Fe, Cu, Ze, Br, Xe, Pd, Cd, Hf, Re, Pt, Ir and Hg. The layer showed large change of isotopic
concentrated in 1 micro meter of the Pd surface.

(5) Gaseous Xe was noteworthy because it was so abundant. Xenon is particularly unlikely to be a
contaminant because metals do not absorb noble gases, and because the cathode was degassed in a vacuum at
473°K for 20 hours.

(6) The clements in the bulk layer changed in concentration with depth and showed shifts of isotopic
distribution.

(7) Light elements such as OpCy Ca, Na, Mg and Al showed small isotopic shifis.

(8)Ni and Cowere also confirmed but their isotopic distribution could not be measured because their SIMS
peaks overlapped with those of other elements and isotopes.

(9) The isotopic distributions of Pd and Pt were also shifted.

(10) We conclude that nuclear reactions must have occurred during the electrochemical process.
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Concentration profiles for Pd isotopes
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EXCESS HEAT AND UNEXPECTED ELEMENTS FROM ELECTROLYSIS
OF HEAVY WATER WITH TITANIUM CATHODES

R. Kopecek and J. Dash!’

ABSTRACT

Excess heat was produced at the rate of about 1.2 watts during electrolysis of heavy water with a titanium
cathode weighing 0.0625 g. Analysis of the electrodes before and after electrolysisswith a scanning electron
microscope (SEM) and an energy dispersive spectrometer (EDS) revealed that new surface topographical features
with concentrations of unexpected elements (S, K, Ca, V., Cr, Fe, Ni, and Zn,) formed during electrolysis.

INTRODUCTION

Previously, we reported on our findingsof excess heatand unexpected elements from electrolysis with palladium
cathodes and an electrolyte containing either D,O and H,SO, ot H,0 and H,SO, [1]. We now present results of
similar experiments using titanium cathodes and an electrolytécontaining D ,O and H,SO,.

EXPERIMENTAL METHODS AND RESULTS

Pure titanium foil (0.25 mm thick, 99.99 + % Ti"),was spot-welded to platinum lead wire and made the cathode

in an electrolytic cell with a platinum_anode and 15 ml of electrolyte containing 0.01 mol fraction H,SO,

(reagent) and 0.99 mol fraction D,O (999 atom % D).

Recombination catalyst (platinized Al,O,) was suspended above

(cathode ) (anode) the electrolyte, and the cell was sealed. An identical cell

containing a platinum cathode was connected in series. This cell

was used as a control to measure heat effects by comparison

with the titanium-cathode cell. An automated data acquisition

system monitored cell voltages, six thermocouples attached to

cach cell (Fig. 1), and the ambient temperature. Constant
current was used during the experiments.

Using constant current of 0.55 A resulted in a current density of
room empersirs about 2 A per square cm on the titanium cathode. This current
i : was passed for about 33.5 hours. The resulting power input and
T) T temperature-time data for each cell are shown in Fig. 2. It
=2 should be noted that the control (C) cell was taken out of the

circuit after about 23 hours due to excessive loss of electrolyte.

. Fig. 2a shows that the temperature of the titanium (D) cell
Fig. 1. Placement of thermocouples on the exceeded that of the platinum control (C) cell. Fig. 2b shows
outsides of the control and experimental cells. that the power input to the C cell clearly exceeded the power

! Physics Dept., Portland State Univ, Box 751, Portland, OR 97207
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Temperature in D and C cell during the whole experiment
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Fig. 2. (a) Temperature and (b) power versus time forgh&platinum-cathode control (C) and titanium-cathode (D) cells.

input to the D cell during the first 18 hours. Excess heat may have been produced by the D cell. This can be
calculated by considering the power input, the heat produced by the combination of titanium with hydrogen
isotopes, losses due to escape of gases throuigh the tops of the cells, and the heat loss to the surroundings due
to the thermal gradient between the.cells and the surroundings.

The following equations give the rate of enthalpy change in each cell:
C (control) cell: dH(C)dt =TV(C) - dH(C.,)/dt - RAT(C)
D cell: dH(D)/dt =1V(D) + dH(TiD)/dt + dH(XS)/dt - dH(D,,,)/dt - RAT(D),

where H(C) and H(D) are each the enthalpy of the C and D cells, respectively, H(TiD) is the enthalpy released
by formation of TiD, H(C,,.) and H(D,,,) are each the enthalpy which escapes from its respective cell due to

escC. €esC.

incomplete recombination, H(XS) is the excess enthalpy produced in the D cell, I is the constant current which
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passed through both cells, V(C) and V(D) are the cell voltages, R is the rate of heat loss by each cell to the
surroundings, and AT(C) and AT(D) are the temperature differences between each cell and ambient.

At steady state, which was reached in about 45 minutes, the enthalpy gain equals the enthalpy loss for each cell,
so cachequation canbe set equal to zero. The enthalpy lost due to escape of gases is determined from the weight
lost by cach cell. For the C cell, this was 285 calories for the whole experiment ( 23 hours for the C cell), which
gives dH(C_ )/dt equal to 0.0034 calories per second. The average power input to the C cell during one hour at

steady state IV(C), was 0.644 calories per second. Then the first equation is solved for R, using AT(C) 0of 16.5
C. This gives R equal to 0.0388 calories per degree C. This is used in the second equation.

About 40calories is producedby conversion ofthe entire titanium cathode to TiD), so dH(TiD)/dt is about0.0003
calories per second. I V(D)is 0.525 calories per second, dII(D__)/dtis 0.0012 calories per second, and AT(I))

(31

s 20.6 degrees C. Solving for dH(XS)/dt gives (.28 calories per second , or 1.15 fvatt;

Geiger-Mueller counters were used to monitor radiation from the C and Dcells throughout the experiment, and
LiF chips sealed in plastic werein each cell during the experiment. The counters showed slightly higher amounts
of radiation coming from the D cell, but the standard deviation was teohigh tohave confidence in this data. The
LiF chips showed no significant difference from background.

The titanium cathode was examined before and after electrolysig with SEM and EDS. Before each examination,
the electrode was cleaned ultrasonically several times, each time for 5 minutes with deionized water. Fig. 3
shows that there are many changes in the surface topography. Those regions labeled a through h in Fig. 3b were
examined in detail at higher magnification. A typical resultissshowninFig. 4, which is an enlargement of area
¢ in Fig. 3b. This shows that cracking occurred along the edge of the sample. The protrusion labeled (a) gave
the EDS spectrumin Fig. 5a, and point (b)gavethe EDS spectrum in Fig. 5b. The protrusion shows the presence
of many clements of both higher and lower atomic number than titanium. The concentrations of these elements
is far higher than canbe expected from the composition of the original material. In contrast to this, Fig. 5b shows

that point bin Fig. 4 is almost pure titanium¢” Spectra similar to Fig. 5a were found in the other arcas indicated
in Fig. 3b.

In another, similar experiment, the current density during electrolysis was about 0.5A per sq. cminstead of 2A
per sq. cm. The excess heat.wag about (0.5 watt for a titanium electrode from the same lot, of about the same
mass. This electrode was also examined before and after electrolysis with SEM and EDS. The comparison of
images is given in Fig. 6.

The double-headed arrow in Fig. 6b shows a feature which was not present on the titanium cathode before
clectrolysis. A portion of this feature is shown enlarged in Fig. 7. The bright spots (a) and (b) were used for the
EDS spectra in Fig. 8.

DISCUSSION OF RESULTS

The results obtained with thin foil titanium cathodes are similar to those we obtained with thin foil palladium
cathodes, using H,SO, - D, O electrolyte [1], in that excess heat and and unexpected elements are obtained
reproducibly in both cases. A significant difference is that excess heat is observed from the very beginning of
clectrolysis when a titanium cathode is used, whereas there is an incubation time when a palladium cathode is
used. The duration of the incubation period depends on the thickness of the Pd foil. At 0.025 mmitis about one
hour, and at 0.1 mm it is about one day. The magnitude of the excess heat seems greater for titanium than for
palladium under equivalent conditions.



Kopecek, Dash 49

The EDS spectra in Fig. 5a and Fig. 8a indicate the presence of chromium and vanadium. It is likely that both
of these spectra contain both Cr and V because of the overlap of V Kbeta with Cr Kalpha. The chemical analysis
provided by the supplier gave 0.910 ppm V and 1.150 ppm Cr, whercas Fig. 5a and Fig. 8a show concentrations
of these clements more than four orders of magnitude higher. The feature which gave the spectrum in Fig. Sa
may have been an inclusion which extruded above the surface due to swelling caused by hydride formation. But
the spectrum in Fig. 8a came from a surface eruption, similar to those where silver was observed on
palladium [1]. Evidence of time-dependent changes in the silver spectrum which could indicate the changing
of silver to cadmium was also presented [2].
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Fig. 3. Titamum cathode before (a) and after (b) electrolysis.
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Fig. 7. Enlargement of the new feature shown in Fig. 6.
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NUCLEAR AND THERMAL EVENTS ASSOCIATED WITH Pd + D CODEPOSITION

S. Szpak and P.A. Mosier-Boss'

ABSTRACT

In the Pd+D codeposition process, palladium is electrodeposited in the presence of evolving deuterium. This
process favors the initiation and propagation of nuclear and thermal events through a rapid absorption of
deuterium to yield high D/Pd atomic ratios. This process results in the formation of non-equilibrium electrode
structures that become the seat for localized gradients. Evidence for tritiumeproduction, X-ray emanation and
gencration of localized heat sources, with emphasis on experimental methodology, is provided. The active role
of the clectrode/clectrolyte interphase in the development of these eventsis examined.

1.0 INTRODUCTION

The main obstacle in accepting that nuclear and thermal events can, and do, occur during electrochemical
compression of the Pd/D system was, and still is, their poor reproducibility. The lack of sound theoretical
guidance is the primary reason for this difficulty. AAnexperimental approach to resolve this situation rests with
the construction of the "performance envelope;™i. eiythe listing of all factors contributing to the initiation and
propagation of these events. In particular, one.must consider changes that take place as the concentration of
deuterons rises to be ca 100 molar ‘with even higher concentration of electrons (ca 1000 molar) [1].
Consequently, in an attempt to construct the "performance envelope” one must examine the state of the Pd/D
system as the D content increases, with emphasis on interfacial and transport phenomena.

1.1 Triggering conditions,

A review of published material indicates that the triggering conditions fall into three categories: (1) high D/Pd
atomic ratio, with D/Pd>"0.85, (ii) metallurgical aspects of the ¢lectrode material, such as grain size, number
and kind of defects, the presence of voids and fissures, efe., and (iii) clectrochemical aspects, eg, the structure
of the clectrode/clectrolyte interphase.

2.0 THE Pd+D CODEPOSITION PROCESS.

The codeposition process is a process of palladium electrodeposition from a Pd** salt solution onto a substrate
which does not absorb deuterium, eg, Auor Cu[2]. The applied cell current or potential are adjusted to deposit
the Pd film inthe presence of evolving deuterium. The advantage offered by the codeposition process rests with
the morphology of the Pd electrode. The Pd electrode exhibits a "carpet-like™ appearance, ie, the structure that
assures locally a non-uniform distribution of current density and/or overpotentials as well as a very rapid and
high absorption of deuterium [3]. Simultancous evolution of gas bubbles introduces an additional component,
namely, a source of random distribution of localized gradients (clectrical, mechanical and chemical).

1 Naval Command, Control and Ocean Surveillance Center, RDT & E Division, San Diego, CA. Author to whom
correspondence should be addressed: E-mail address bossp@nosc.mil
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3.0 RESULTS

The effectiveness of the codeposition technique with regard tothe generation of nuclear and thermal events was
demonstrated during the initial phase of our investigation [2]. Early results confirmed excess enthalpy
production and X-ray emission. The excess enthalpy was deduced from the temperature difference, namely,
higher temperatures were measured on the workingelectrode than in the electrolyte. The X-ray emanation was
recorded ona photographic filmplaced in close proximity to the Pdelectrode. Also, the concentration of tritium

in the clectrolyte phase was found to be substantially higher than expected from the known value of the
separation factor.

These qualitative results were questioned on grounds of not being realistic. Typically, radiographs were not
considered to be proof of electromagnetic radiation because they might result from mechanical or chemical
interactions. Higher temperatures of the Pd electrode were attributed to the presenceof a resistive film rather
than a heat source. To prevent such criticisms, we developed a quantitative treatment-which we present here in
the following order: tritium generation rates, X-ray spectra and the thermal.events associated with the Pd+D
codeposition.

3.1 Tritium generation rates.

Details of the experimental arrangement, analytical procedure and modelingare givenin [3]. Here, only essential
points are presented in the condensed form.

3.1.1 Experimental arrangement and error analysis. Experumental arrangement and the sampling profile are
shown in Fig. 1a and Fig. 1b. The electrolysis wastinder galvanostatic control and the sampling routine allowed
for the accurate determination of the electrolyte volume and composition at the beginning and end of each time
period. Error analysis involved the assessment of the precision of measurements in clectrolyte volume,
sampling/addition time intervals, constaney ofecll current and tritium analysis. The typical error of + 1.2 dpm

(inFig. 2 and Fig.3) is not the statistical errer of counting but the cumulative uncertainty due to the propagation
of errors as determined by procedure commonly used in the treatment of experimental data.

3.1.2 Modeling. In a clesed system, the concentration of deuterium in the clectrolyte phase is computed by
solving Eqs. (1) and (2)
d(fmydt =} f.r,+q (1)

dm/dt = Y, (2)
where fisthe tritium mass fraction, m denotes the mass of electrolyte, r is the rate of mass change and q denotes

the rate of tritium produced during the electrolysis and subsequently transferred out of the Pd clectrode. The
subscript n identifies the relevant process.

The solution of Egs. (1) and (2) for an open system with r; = 0, r, = 0 and constant q over the time interval At,
is

o _(m@-r@Mf, g {1_ m(0) - r (DA? -1} .
/0 m(0) OG- r@) m(0)

where s 1s the isotopic separation factor defined here as the T/DD atomic ratio.
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3.1.3 Trittum distribution. Tritium generation rates are estimated by curve fitting technique or by computer
modeling in which an arbitrarily selected g-value is inserted into experimental data and computer matched to
obtain agreement with the observed distribution throughout the duration of the experiment. The essential
difference between the method employed here and elsewhere is in the determination of the numerical value of
the separation factor, s. This number is usually taken from the literature and may, or may not, represent the
kinetic and thermodynamic properties of the interphase pertinent to the experimental conditions. Here, the value
of the separation factor is determined for each experimental run by selecting that value which best fits the
recorded data.

Examples of tritium production and distribution paths are illustrated in Fig. 2 and Fig. 3. In particular, Fig. 2a
shows two active periods (4/21 -5/3 and 5/19 - 5/21) separated by two weeks of inagtivity. The computed (solid
circles) and experimental points (open circles) for the indicated sampling and current profile, suggest that tritium
produced in the course of clectrolysis, first entered the liquid phase with.its distribution governed by the
electrodic reaction withs = 0.68. By inserting in Eq. (3) the following pfoduction rates: ¢, =4x10°, ¢, =3 x
10°, q; =3 x 10°, and q, = 7 x 10% atoms/second, an excellent agreement between calculated and observed
(experimental) points is obtained., Fig. 2b.

A quite different path is illustrated in Fig. 3, where the trittum distribution favors the gas phase, ie. where the
distribution is not governed by the electrodic reaction. Audirect transfer to the gas phase suggests an intense
reaction occurring within the subsurface layer(s)with tritium desarption followed by recombination of D,,,. The
basis for this conclusion is the enrichment of the liquid phase only, i.e., it follows the calculated concentration
by Eq. (3) with the separation factor s = 0.67.

3.2 Detection of soft X - rays.

The radiograph obtained carly in the investigation [2] suggested the presence of a weak source of the
electromagnetic radiation, most likely soft X-rays. In support of this interpretation as well as to provide
additional information, we emploved two detectors operating simultancously, viz., the Si(Li) for the X-rays and
the Ge for 7y rays. The bagkground radiation was continuously monitored by the Nal('IT) detector.

3.2.1 Experimental procedure. The experimental program consisted of three tasks: (i) the assessment of the
background radiation overthe period of several months, (ii) design of an experimental procedure capable of
detection low level radiation and (iii) computer simulation. The detailed description can be found in [3].

3.2.2. Presentation of data. The overview of the radiation intensity (count rate) recorded by the Ge detector
(spectral region: 15 - 3000 keV) during the D, O electrolysis on Pd electrodes with two vastly different surface
morphologies 1s presented in Figs. 4a and 4b for the "carpet-like” and smooth surfaces, respectively. Itis seen
that the count rate is somewhat higher on "carpet-like" surfaces. More interesting, however, are the initiation
times. In the first case, no initiation time was required; in contrast, a few days of electrolysis were needed to
observe the same effect on smooth surfaces.

Further confirming evidenceof electromagnetic radiation is provided in Fig. 5 where twoindependently operated
detectors simultancously recorded statistically significant increases in radiation (see section labeled II). It is
noteworthy that the external field (high overpotentials)is instrumental in producing higher density ofevents that
generate the X-ray emission.

The X-ray intensity data show a remarkable similarity to the tritium production. In both cases, surface
morphology dominatesthe behavior. Inparticular, on "carpet-like” surfaces reactions areimmediate while longer
times are required on smooth surfaces.
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3.2.3 Spectrum synthesis/modeling. The X-ray data presented in Fig. 6 were interpreted as resulting from the
superposition of weak peaks upon a featureless background, e.g., the sharp peak of Pd K, superimposed upon
the bremmstrahlung arising from the oscillating plasma of the cathodically polarized Pd/D system. In support
of this conclusion, we created a synthetic spectrum, Fig. 7, consisting of the featureless spectrum of thorium
oxide and added toit the X-ray spectrum of americium. The resulting composite is similarin appearance to that
recorded, i.c., being consistent with the experimental spectrum.

3.3 Thermal events

An almost immediate occurrence of nuclear events in the course of codeposition (tritium production, X-ray
emission) suggests a much simpler approach to the accurate determination of excess enthalpy production. Short
initiation times indicate that the calorimeter with quasi-adiabatic walls might be suitable.

3.3.1 Cell/calorimeter modeling. The development of governing equations for an operating clectrochemical cell
employs the conservation laws (energy and mass) and adjusts the applicableswallsand constraints in a manner
that is consistent with the cell-design relevant experimental procedure [ 7] Applyving the conservation of energy
(in the enthalpy representation), the time rate of the temperature change after its activation is

COAT®/dt = QW - jq(l—z) - Jq(l—e) 4)
C(l) dT(l)/dt o Q(l) > Jq(lﬁl') an —e) (5)

where C and C® are heat capacities of the electrolyte.and bath, respectively; Q¥ denotes the time rate of heat
generated in the electrolyte while () is the rate st which the heat is supplied to the bath in order to maintain
equality of the temperature in the cell and the bath; the'] s are the heat fluxes exchanged between the electrolyte,
bath and environment. Employing for the thermal flux an expression of the form J, =k AT andintroducing new
variables AT = TV - T® and 6 = T® -"1¥, afier some manipulation combined with a reasonable assumption,
(e.g., low QW) | we obtain an equation of the form:

dAT e (6)
a-bAT

which, upon solution, yields information concerning best experimental design and procedure.

3.3.2 Survey of thermal events. An example of the excess enthalpy production within the polarized Pd/D system
is shown in Fig. 8, where the excess enthalpy, 0.239CWAT® - [, I(E, - €E,)dt (v-axis) is plotted against the
enthalpy input, [, IE dt (x-axis). Inthe absence of excess enthalpy production all points would fall on the x-axis
while excess enthalpy places these points above the x-axis. Inspection of Fig. 8 reveals two distinct time
intervals. Within the first time interval, the points are located below the x-axis because within this time period
the faradaic efficiency is less than that part of the cell current which is used for the reduction of Pd** ions.

A review of data indicates that the rate of excess enthalpy production is not uniform in time or position. When
the electrode surfaceis viewed with an infra red camera [8], we notice a chaotic appearance and disappearance
of hot spots which subsequently merge to form larger oscillating islands. These spots indicate intense,
localized heat sources acting for very brief periods of time.

4.0 Discussion.
While the excess enthalpy production was attributed to nuclear reactions, the direct evidence for nuclear

activitics was provided by tritium production and further supported by radiation of soft X-rays. The lack of data
for two
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or more signatures of nuclear activities, simultaneously collected under rigorously controlled experimental
conditions, is the weakest link.

A review of observations made during, and following, the codeposition process, show a common thread, namely,
unpredictable (with regard to time and position) initiation, uncontrolled periods of activity, and a common
response to additives, e.g., Be*" orMg*" ions. However, the most unusual behavior was noted when the polarized
Pd electrode surface was viewed with an infra red camera. These observations point clearly to the importance
of the dynamics ofthe interphase region and its role associated with the transport of deuterium fromthe adsorbed
to absorbedstate. In our discussion we examine the proposed models of the inter-phase, the nature of the driving
force, and the possible interplay between the various species or their energetic states.

4.1 The interphase.

The interphase regionis alayer separating two homogencous phases: the metallic electrode and liquid electrolyte.
For the thermodynamic consistency this layer is viewed as a non-autonomous phasec [8]. The solution side of
the interphase is well understood, the metallic part has only receatly, been subjected to comprehensive
cxamination. In particular, the effect of catalytic poisons on the/H=population of the interphase was examined
with the emphasis on the hydrogen evolution reaction rather than on the interfacial transport. A number of
models have been proposed [8-14]. All contain a common feature, namely the accumulation of hydrogen in the
subsurface layer. Experimental evidence, ¢.g., immediate formation of the [} - phase indicates rapid absorption
[15]. The entrance of hydrogen into the subsurface layer 18 associated with swelling resulting in a "modular-like"”
structure [12].

4.2 Driving forces.

A model that shows a qualitative agreement with experimental data was constructed [15]. This model predicts
small asymmetry in loading and unloading; it does not, however, account for changes as large as actually
observed [16]. Natural forces driving the deuterium evolution reaction as well as the transport into the Pd

electrode interior is the chemigal potential, = g—U | 5,v . The chemical potential of the adsorbed hydrogen and
n

its role with regardto the hydrogeén evolution reaction was recently discussed by Jerkiewiczet. al., [13,14]and
that of dissolved hydrogen by Wagner [17] with further extension to include high hydrogen content, by
Brodowsky [18]. Itis the chemical potential of species populating the interphase that is of interest in formulating
the "performance envelope." However, the difficulty is in the specification of the internal energy as a function
of position within the interphase formed between the polarized Pd electrode with high D content and the
clectrolyte.

A morerealistic model incorporating an active interphase is needed. An approach currently under considerations
in this laboratory, is to examine the nature of the driving forces operatingin the course of charging/discharging
of the polarized Pd electrode.

4.3 Thermal instabilities.

Thermal events occurring during the electrochemical compression of the Pd/D system were, and are, discussed
in terms of excess enthal py produced over a period of time, often several days. Thus, they represent an average
value and provide no information on the distribution of heat sources. However, if the surface of the polarized
Pd electrode is viewed with an infra-red camera, it reveals the presence of randomly distributed (in time
and space) heat sources of short duration. This observation is consistent with ideas advanced recently by
Fleischmann et. al. [19], that of expressing the heatgeneration in terms of a number of time dependent variables,
Q ={JE(), B(1), ...X(1)]. Some of these variables can be controlled by an experimenter, others cannot ("hidden
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variables"). Because these variables are interconnected, they can lead to the development of instabilities which,
in turn, may or may not be modified by imposing feed-back controls. A much simpler picture can be presented
if (i) events take place withinthe interphase (ie subsurface layers), (i1) that the interphase is a non-autonomous
phase and (iii) that the adsorbed deuterium travels across the interphase. This is the direction that we
contemplate at this time.

5.0 Concluding remarks

An alternate method for the examination of the Fleischmann-Pons effectis the use of the codepositiontechnique.
Employing this method for the electrochemical compression of the Pd/D system, we established as follows:

(I) Emission of soft X-rays.
(ii) Tritium production at rates ranging from 10° to 10* atoms per second.

(iii) Excess enthalpy production with random distribution of reaction sites.
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clectrolysis, respectively); £, witium mass fraction (subscripts.g and.l denote gas and Hquid phases).
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Fig. 1t - Sampling procedure for tritium generation in open cells. V, is the volume lost by electrolysis: V, is the sampling
volume; V, is the electrolyte volume added to restore prior conditions.
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POSSIBLE DEUTERIUM PRODUCTION FROM LIGHT WATER
EXCESS ENTHALPY EXPERIMENTS USING NICKEL CATHODES

Mitchell Swartz
JET Energy Technology, Inc. !

ABSTRACT

Nickel cathodes that produced excess enthalpy during the electrolysis of light water-solutions were examined
serveral weeks later (metachronously) by electron emission spectroscopy. The absenceof an obvious significant
emitting ash might be consistent with a short-lived product, loss of the product; self-absorption, or low signal
to noise, or a new fusion pathway lcading to a stable ash. The latter may Centribute to the excess heat as well
as other researchers’ reported transmutation reactions through a portion:ofthe pathway leading to the production
of de novo deuterons. If deuterium is a product of these reactions themvits production levels, the inevitable
separation factors, and present detection thresholds pose a significant challenge for its unambiguous
identification.

INTRODUCTION -- EXPLANATIONS NEEDED

The deuteron is rarely, if ever, considered a possiblesproduct of cold fusion systems. Although examination of
a large subset of the cold fusion literature (=840 abstracts [1]) revealed eighteen papers concerning tritium or
triton production [2-19], a similar scarch/revealed none discussing deuterium or deuteron production. This
absence cxists eventhough a pathway to itsiproduction might also explain the excess heat [20-27] and reported
transmutations [3,25,26,28-30]. There must be a reasonable explanation for the excess heat and transmutation
reactions. In light water nickel cold fusion systems, even purported transmutated products do not appear to be
proportional to the expeeted ash required for the observed excess enthalpy. The anomalous branching ratio
remains as problematic as the exeess heat, and the lack of a theoretical model has been a major cause of the knee-
jerk dismissal of this scientific field.

The coulomb barrier approach has been examined by many hypotheses but screening factors alone may not be
sufficient to explain the observations, and thus the reaction pathway probably does not involve the classic
collision of two particles. Several hypotheses exist including "shrunken" hydrogen | 20], positron emission [31],
and possible deuteron production [2]. In the case of helium produced from deuterium-loaded palladium, the
Phusontheory [33] has been developed describing the multi-body reactions involving the loaded deuterons within
the lattice of the fully loaded Group VIII transition metal electrode cathodically driven to ~1 kilomolar electron
density. Inthe Phuson theory, the phonon clusters distribute energy between the excited state and the ground
state, thereby conserving momentum within the palladium.

Because there does not exist a similar theory for nickel, due to the excess heat observed and the lack of a clear
clectron emission in these metachronous experiments, we clected to look more closely at deuterium, its
production, its spin structure, and its possible role in these phenomena. This paper introduces a pathway that
could vield de novo deuterons and explain the observed transmutation reactions. The hypothesis suggests that

L @IET Energy Technology, Inc., P.O. Box 81135, Wellesley Hills, MA 02181.
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energy may be transferred to the lattice through a phonon cloud (Phuson) as a non-bound virtual deuteron state
collapses to the ground state configuration.

BACKGROUND -- DEUTERON STRUCTURE AND SEPARATION

Chemically, the hydrogen isotopes slightly differ in their equilibrium constants, enabling the difficult separation
of deuterium oxide from ordinary water (Table 1). Although hydrogen was isolated as a distinct substance in
1766 by Cavendish, deuterium was separated electrolytically in 1932 by Urey, Brickwedde and Murphy after
its spectroscopic identification one year earlier. The actual situation is complicated because of tritium and the
fractional species (e.g., DTO). The fragile deuteron decomposes at temperatures cooler than our sun's core (~
million degrees Kelvin). So even though interstellar clouds and protostars contain deuterium (abundance ID/H
=~1.9 {+/-0.5} 10") evolved stars have essentially none [34-36]. Therefore, deuterium oxide (D,0), although
ubiquitous (D/II = ~1.5 10"} in sifu within ordinary water, must be commerciallyrefined and purified at
considerable difficulty to obtain the several megaliters per year required for ifs ise-as a moderator for some
nuclear reactors. The difficulty in refining deuterium arises for several reasons. The separation of the deuterium
is highly endothermic, and most of the separation factors are small (Fig: 1). Deuterium is generally refined
clectrolytically following cascaded refiners using the slight difference in the free energies of formation of
different hydrogen, nitrogen, or sulfer compounds (e.g., ammonia-hydrogen exchange and the Girdler-Sulfide
system) [37].

In a deuteron, the constituent neutron and proton have an eXeeptionally large internucleon separation. The
importance is the deuteron binding energy 1s only ~2.2 MeV in a well of about ~40-50 MeV. As a corollary, the
deuteron has nobound excited states [38,39]. Since each nucleon has isospin +1/2, the deuteron has total isospin
of cither 0 or 1, and so there are four possible triplet.and singlet states [40]. The deuteron ground nuclear state
is the triplet*S, state with the nuclear orbital angularmomentum= 0, and the nuclear spins parallel. States with
any nuclear orbital angular momentum of >0 shew no signs of binding. The actual structure, and encrgy, of the
deuteron ground state results from its three form factors (clectric monopole {charge}, magnetic dipole, and
electric quadrupole moments). The magnetic moment of the deuteron (Lp = 0.8574) is not exactly the sum of
its component parts (W, and (L), and the slight difference - and the unusual electric quadrupole moment (Q =
0.282 e-fm?) -- are both consistentwith a more complex mixture of nuclear spin states in the deuteron ground
state (suggested by Rarita and Schwinger) such as inclusion of some °D, state [41,42]. There is a virtual (*S;)
state located above the zero'hinding energy at +30 keV which has been confirmed by nuclear photoeffects and
other phenomena [43].

EXPERIMENTAL - ABSENCE OF METACHRONOUS BETA EMISSION

Nickel cathodes produce excess enthalpy (heat) during electrolysis of light water solutions [27]. As a result of
competing reactions [44-46], an optimum "notch” occurs in the power gain curve relative to input power [27].
Nickel electrodes were driven within their T -notch using ordinary water in combination with either platinum or
gold anodes. We examined several electrodes that had demonstrated episodes of excess heat for their
metachronous electron emission, at 12 to 24 weeks, using a modified Maestro-EEG system with solid state
detector. Fig. 2 shows the control, the background, and the background subtracted from the sample’s emission
spectrum. There was apparently insignificant metachronous electron or ionizing radiation emission from the
previously-driven nickel cathodes to herald an explanation for the excess enthalpy. The absence of an obvious
emission signatureto declare ash might be consistent with a short-lived product, or with inadvertant removal of
the isotope from the surface during the interval between driving and examination of the samples, or with
unintentional self-absorption of the emission signal, or with loss of the signal in the noise background, or even
with anunconsidered pathway yiclding a stable final product. Given the recent results of Lin [47] and Bockris,
and Mizuno, it may be that the delay of several months prior to the metachronous measurement was far too long
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and that emissons may have been in the range of 15-25 keV. Studies are underway to reexamine this
experimentally. Nonetheless, we considered the latter possibility.

INTERPRETATION -- POSSIBLE PATHWAY

When the possible pathway mentioned aboveis considered, it is noted that it might contribute to the excess heat
and to other rescarchers' reported transmutation reactions, through the production of de nove deuterons. We
suggest amultistep pathway leading to deuteron production with the generation of an excited intermediate state
(a virtual deuteron in light water with nickel, and -- as presented elsewhere -- an excited helium-4 nucleus in
heavy water with palladium systems). Fig. 3 shows some of the relevant nuclear states.

The first step is the corollary of well-known neutron decomposition. Free neutrons have a theoretical lifetime
of ~10 minutes but are observed to decay within circa three minutes via interaction with a proton. Taking the
neutron lifetime as 918 seconds, we rewrite the basic betadecay equation, using backwards time, to give a proton
and electron opportunity to react to anextremely rare occurance in a fully loaded,; one kilomolar electron-loaded,
fully-hydrided alloy. This gives a thermal neutron and neutrino.

pr+e »n+v

Could there actually be sufficient quantities of such putative ephemeral thermal neutrons available? Of the
estimated 5 x 10 nickel atoms in the cathode, perhaps.the telatively active portion may extend to a depth
yielding ~0.04% of the nickel lattice sites which actually are«able to have arole and contribute. This constitutes
about ~4 micromoles of nickel contributing lattice sites within the cathode. Thus, assuming full local
hydridation, the amount of protons available i$ also in the range of 2 x 10", Given the neutron lifetime, there
is a statistical likelihood of only 0.000987 contributing at any point ineach second. With the putative active sites
available, this would give ~2 x 10" potential ¥irtual neutrons per second. This does exceed the required event
rate described below.

The second step, similar to_the “Phuson mechanism proposed for deuteron-laden palladium, involves a
hypothesized intermediatéprecursor-product excited state. Here, the critical excited (and virtual) nuclear state
(D7) is energetically docated above the non-bonding axis. The ground-state deuteron forms through a
simultaneous cooperative reaction involving a cluster of phonons (the Phuson) linking the de-excitation of the
excited virtual deuteronstate. These phonons are critical because they account for the coupling, for the focusing
of energy into the critical sites, and possibly even for the positive feedback that permits the reactions.

The D" deexcitation enables the vicinal phonon ensemble to compete effectively and permit fusion reactions to
proceed in the fully loaded metals with energy transfer to the phonon cloud. If such nuclear-phonon cloud
pathway was not available then the tiny population of D* would saturate and end all such reactions. Only in the
fully loaded material are the virtual levels continuously drainedleading to their replenishment. When nuclear-
phonon cloudpathways are not available then the tiny population of D" immediately saturates to an insignificant
level.

Our calculations suggest that in order to conserve momentum and energy not all the ~2.2 MeV binding energy
would be available. The four-vector relates the momenta (p;; 1 =x,¥,2z) and energy (E), and begins in the center
of mass frame-of-reference at the primary reaction site within the hydrided metal. Although several
approximations have been made, the energy of the reaction actually available to the Phuson cluster appears to
be closerto 1.4 MeV per transition; somewhat less than the binding energy. Because cach watt requires ~6.24
102 MeV per second, one impact of this correction is that this putative pathway wouldrequire 2.8-4.510? events
per second (Fig. 4).
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Assuming a distribution of phonon energies in the range of 30-50 eV, there would be 2.8-7.3 x 107 phonons in
the phuson cluster (the cooperative phonon group linked to the excited state). Thus, this would require the
involvement of about 5-44 million lattice sites, and therefore about -~170-3501attice sites in any direction radial
from the prime reaction site. Now, any putative deuteron production releases energy on the ~1-2 MeV scale at
a single location, but with a possibility for spreading the relcased energy among these lattice sites that can be
coupled during the deexcitation time of D', The interaction radius [rpg] is determined by the speed of light, ¢,
so the number of lattice cells involved in a single event, coupled through the Phuson decxcitation pathway,
assuming isotropicity, is

[ * 1ol

Nises(rpe) =
[vunncalf]

The uncertainty principle can estimate the lifetime based uponthe "energy bandwidth” of the energy involved.
For the excited state of deuterium located at +30 keV, the encrgy width of the virtual state must be on the order
of afraction of that, which would be consistent with an adequate lifetime of the cxcited state. The ensemble of
phonons, with consideration of the available lattice sites, is thus sufficient to:account for energy transfer to the

lattice during the deexcitation D" .
LIMITS OF DEUTERON DETECTION

Several experiments are suggested based upon the Phusen theory. First, if deuterium is an ash, and if there are
no secondary reactions (¢.g., to convert the generated deuteritmto helium-4), then there will be an ultimate limit
to the amount of energy which can be obtained by loading nickel with a fixed volume of light water. Per mole
of hydrogen converted (in ~9 cubic centimeters of ordinary water) this would theoretically generate a maximum
energy of ~10" joules. Second, if the putative thermal neutron production does occur, then there is a maximum
excess rate of heat production available based upon that factor, too. This would limit the rate of generation of
the desired product. The observed T-notches could be consistent with this.

Third, the rate of generation of de nove deuterium per megajoule, if any, is miniscule and would create only a
few percentage change in a background of ordinary water (Fig. 4). Such small production levels, and the
inevitable separation factors (Fig. 1) refining further possibly already present deuterium, together pose significant
challenges for the unambiguous identification of deuterium. Reexamination of vibrational spectroscopic data
[48] (Fig. 5) indicates that small amounts of deuteron production remain below the present selectivity and
sensitivity ofthe system. However, other spectroscopies that may offer potential for i# situ examination include
infrared absorption analysis, neutron reflectometry and, nuclearresonance broadening (NRB) and elastic-recoil-
detection-analytic (ERDA) techniques. Some techniques penetrate subsurface structures to examine the magnetic
properties of, and the impact of nonequivalent occupied sites within, the hydrided metal.

Fourth, if Phusons are involved, then given the requirement for sufficient lattice recruitment, any observed
isotopic changes in transmutation systems may occurin greatest amounts below the lattice surface, and at depths
which are the order ofthe interaction radius. Fifth, if the putative thermal neutron pathway exists, then there may
also be the potential for nickel (and other elements) to be transmutated to higher isotopes of the same clement
with the unstable isotopes becoming, for the nickel, the stable isotopes of copper and cobalt.
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Thiz Figure shows the separation factors forrefining deuterium from ordinary water. The values range froma masimom for
electrolyais to those walues characteristic of swaporation or centri fiugation.
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Table I

HYDROGEN ISOTOPE PROPERTIES (ref. 49)

Baryon/Nucleon Proton Deuteron Triton
Mass (amu) 1.0078 2.0142 3.01860
Electric monopole charge 1+ 1+ 1+
Magnetic dipole moment 2.7928 0.8574 29789
Electric quadrupole moment (nuclear magnetons) 0 0.282 e-fm? 0
Isospin (parity) J 1/2+ 1+ 1/2+
Binding energy 0 2.224 MeV 6.461 MeV
Lifetime stable stable, fragile 12.3y

Decomposition product

not applicable

not applicable

18.59 keV beta

Diatomic gas Hydrogen Deuterium Tritium
Molar volume of solid em’ 28.3 23%
Triple Point (deg K) 13.92 K-13.96 K 1868 K-18.72 K 206 K
Heat of vaporization at triple point  Joules/mole 910.9 1268.2
Melting point {(deg K) 13.95 18.65
Boiling point (deg K) 20.38-20.4 235
Latent heat of fusion (melt) Joules/mole 1142 197 - 217
Heat of dissociation KJoules/mole 437.5 439.2
Water (ignores HDO, HTO, etc.) H.O D.O T,0
Background concentration 1 0.000156 17107
Molecular weight (C'? scale) 18.015 20.028
Surface tension (20C) 72.75 dynes/cm 67.8 dynes/cm
Temperature of Maximum density 3.98C 11.23-116C
Dielectric constant (25 C) 78.54 78.25
Absolute viscosity (20 C) 10.09 millipoises 12.6 millipoises
Melting point (deg C) 0 3.82
Boiling point (deg C) 100.00 101.42
Specific gravity (20 deg C) 0.9982 1.106
Heat of fusion Joules/mole 6008.2 6317.8
Heat of vaporization Joules/mole 43,840 44 936
Solubility NaCl (25 C) gms/100 g 35.9 30.9
Autopyrolysis constant [D,O+] {OH-] 25 C 1.00 10 3.00 10"
pH 7.00 7.26
Cost rain, snow 13/L(gas) ~ $30 Kigm
$100 - $1000/L (lig)
World production - ~1-3 10° Liyear < 10% Cifyr

World capacity

10'% tons on surface
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Fig. 3. Metachronous Emission of Nickel Cathodes

This Figure shows Emission Spectrograms of a control, of the background, and of a nickel cathode which had previously
demonstrated excess heat (~52 kilojoules, 0.35 cm®, 28 cm?, 15 weeks prior to examination).
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A) Background including a superimposed additional
control containing a cobalt-60 source. Spectroscopy
shows detected emitted ionizing radiation as a function
of energy from about ~5 keV to 1.5 MeV. Several
representative peaks, including the two characteristic
cobalt-60 megavoltage y-emissions, are laheled.

B) Background of laboratory, free of additional
sources, as 4 control prior to the addition of excess
enthalpic sampie.

C) Metachroncus Emission Spectrum of nickel
electrode previousty demonstrating excess enthalpy
(obtained by a comection involving a stripping
removal of the background (B) ).



Swartz 7

Energy

!nu:]car orbital momentem >0 l
—

' 1 -
Y ] 5D l
Non bonding >,

Bonding

Phuson

35, (~5% 7Dy '

Fig. 3. Spin Manifolds of the Deuteron

This Figure shows the pathway leading to possible deuterium production. Tt does not include the preceeding generation of
the neutron as discussed in the text “Shown are three of the “states™ available to an interacting proton and neutron. The
vertical axis is energy and is not quantitative. If there is any nuclear orbital angular momentum then the non-binding “state”
on the upper left 1s not achieved for'teasons discussed 1n the text. If the nuclear orbital angular momentum 1s zero, the
manifold on the right can be entered. The singlet state above the axis (30 ke'V) 15 a virtual state observed m incident beam
studies. The state on the bottom right is the well-known ground state of the deuteron, which is mainly a °S, state. The
hypothesis 1s that there may be leakage from the virtual state to the ground state with Phuson coupling to the solid hydrided
lattice cathodically loaded with electrons.
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Deuteron Levels and Potential Deuteron Production
[lgnores separation factor, contamination, other losses]
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Fig. 4 Putative Production Rates of Deuterium Would Present Detection Challenges

This Figure shows the quantity of deuterium presentin, or generated de novo in, water as a function of excess energy. The
three rising curves show the amount of expected deuteron ash which would be produced ifthat reaction did occur and did
only account for the observed excess heat. Each curve represents a different derived energy for each single event nuclear
reaction. The event (binding) energy of 21 MeV does not hold for deuterium, but is representative of what occurs for other
final states such as helium. Qg of 2.3 iz what might be expected for the binding energy of the deuteron. The curve
representing “Q¢” of 1.4 (thick diagonal line) is derived from the calculations which correct for momentum transfer to the
Phuson cluster {see text). Also shown for comparison is the quantity of deuterons contained in a liter of light, and heavy,
water.
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Fig. 5. Vibration Spectroscopy of Nickel Cathode

This figure shows a Vibration Spectrogram of a loaded nickel eathode. The cathode (Sample 92-505b/Ni-B32)
surrounded with 20 ml of erdinary. watér, during its electrical polarization with a platinum anode, is struck with a single
mechanical pulse at t =0. The vibrational modes of the electrode, and their damping, can be used to determine loading,
but because of separation issues may be insensitive to any putative deuteron production. Two recorders were used to
pickup the data (lop and inset}, and the fast fourier transform is also shown as a frequency versus time plot. The solid
bar three-quarters of the way up the calibration signal at 17,390">'". The lowest evanescent normal mode, the most
irregular of the group. is believed to be a circular mode around the relatively large annular electrode. The sampling rale
was ~100 kllertz,
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FLECTRO-NUCLEAR TRANSMUTATION:
LOW-ENERGY NUCLEAR REACTTONS IN AN ELECTROLYTIC CELL

Robert Bass, Rod Neal, Stan Gleeson, & Hal Fox!

ABSTRACT

A special electrolytic cell and power supply have been designed to promote low-energy nuclear reactions
{(electro-nuclear transmutations). Using electrical power ranging up to 1,000 watts, it has been experimentally
determined that various high-mass parent elements can be fissionedinto somewhat équal daughter products. The
experimental evidence for nuclear reactions is based on the difference between input samples and processed
samples as determined by commercial mass-spectrometer analysis (providingthe same results at two University
labs and onc commercial lab), by SEM spectroscopy, and by gamma-ray emission spectroscopy. Although other
new clements are produced, the bulk of the fission clements appear to be mass fractions consistent with the
conservation of the initial elemental atomic number. For example, tungsten can be fissioned into cadmium and
iron. Thorium has been fissioned into mercury and neon. Up to seventy percent of a parent element has been
fissioned with a few hours of processing time. Further development work is planned, especially for application
to the stabilization of radioactive slurries. It is important that these preliminary results be independently
replicated and verified.

A. INTRODUCTION

Rod Neal and Stan Gleeson have discovered, tested, and improved a low-energy mechanism for promoting
nuclear reactions in clements of relativelyhigh atomic numbers. The process is essentially electrolytic in that
a power source (less than 1,000 waits) is connected to specially-prepared clectrodes in an electrolytic cell.
During this development work, the inventors have used aqueous solutions of various metallic salts as the
clectrolyte.

The results of the experimental process appears to be essentially afission process although some nuclear fusion
has been observed. Depending on the process control parameters (voltage, current, wave form, temperature,
molarity, ete.), the fission products for a specific ionized high-mass parent clement generally consist of two
daughter elements. The daughter clements may be of about equal masses (such as tungsten — two rubidium) or
of disparate masses (such as thorium —~ mercury + ncon).

Although the mass spectrometer results show the presence of several new elements in the processed solution,
the predominant elements are essentially the same daughter products. It is not, as yet, known if the process rate
of transmutation is relatively uniform throughout the process time. The experimental approach used in
experiments covered by this report is essentially a batch process. A carefully measured amount of an element
to be processed (usually as a water-soluble salt in distilled water) is prepared as the electrolyte. The process is
operated for a measured time period. The end product results appear to indicate that even though the molarity
of the target clement is changing during the process time period, the predominant nuclear reaction(s) remains
the same.

Experimental data indicates that different process control parameters affect the nuclear reactions. For example,
at some parameter settings the daughter products of the parent thorium are mercury and neon. Under other

! Fusion Information Center, P.O. Box 58639, Salt Lake City, UT 84158
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process parameters the parent thorium can produce some other pair of elements. A complete catalog of the
effect of changes to process parameters on the nuclear reactions is being compiled.

Similar experimental observations of nuclear reactions have been reported by Bocknis and Minevski [1]and by
Mizuno, ct al. [2]. However, the electrolytic reactor designed and used by Neal and Gleeson is significantly
different than the experimental work previously reported [1,2]. No theory has been developed to explain the
observed phenomena — and it appears that the experimental findings are not consistent with any standard model
of the atom and its nucleus. The purpose of this paper is to present selected experimental evidence, discuss the
implications of the Neal-Gleeson Process, and report on further planned activities.

B. EXPERIMENTAL OBSERVATIONS
DESCRIPTION OF THORIUM TESTS

Thorium Nitrate, Th(NO,),, was chosenbecause itisvery soluble in water. Thorium, in nature, consists of about
100% o, Th®? which is mildly radioactive with a half life of 1.4 x 10'° yéars. The entire chain of radioactive
thorium decay is:

232 228 228 228 224 220

oo lh™" =+ ggRa™ = AC™ — o Th™ — LRa™ - Rn™ -
216 12 1212 212 208 08
gl 5 PR B o Peiior LT PO,

If the thorium nitrate were absolutely 100% pure and freshly constituted one could assume that there would be
no decay products. However, the radicactive decay products are continuously produced by the radioactive
decay of thorium. The amount of each daughter product in a prepared sample is a function of previous purity
of the thorium and the shelf life of the product. Thefollowing table provides information on half-lives, decay
modes, and energies of emitted particles:

TABLE |. THoRIUM DECAY DAUGHTER PRODUCTS

Element Half-Life o (MeV) R (MeV) Y (KeV)
Thorium-232 1.4x10"%y  4.01,3.95 -- 59(w)
Radium-228 S.76y -- 039, .015 14(w)
Actinium-228 6.15h -- 1.2, 2.1 911, 969, 338
Thorium-228 191y 5.42,5.34 -- 84, 216, 132, 166
Radium-224 3.66d 569,545 -- 240
Radon-220 556s 6.29 -- 550
Polonium-216 0.145s 6.78 -- 805(w)
Lead-212 10.6 h -- 331, .569 239, 300
Bismuth-212 606 m 6.05 2.25 40, 727
Polonium-212 298 ns 8.78 -- --
Thallium-208 3.05m -- 1.8, 1.28,1.52 2615, 583, 511
Lead-208 stable

SOURCES. Lapp et al, [3], Hunt [4].

The use of gamma-ray spectroscopyis an appropriate choice because all of the daughter products of thorium emit
gamma rays except for polonium-212 which has a half-lifc of 298 nanoseconds. The assumption is made that
the total emission of gamma-rays is an acceptable measure of the amount of radiation in a sample prior
to processing. It is further assumed that the same gamma-ray total emissions after processing is an



Bass, Neal, Gleeson, Fox 83

acceptable measure of radioactivity. If we observe an experimental procedure in which the radiation of
container, electrodes, and gaseous effluent (if any) are the same before and after processing, then we assume that
the changes in radioactivity of the electrolyte are an appropriate measure of the before-and-after amounts of
radioactivity.

Typical Test Procedure: A measured sample of naturally radioactive thorium nitrate was dissolved in 700 ml
of water. 350 ml of the solution was poured into the electrolytic cell. After the desired processing time (usually
less than three hours) the electrolytic contents were poured into a flask and water was added to make-up liquid
lost due to the processing. If necessary, acid is added to the processed-sample residue to ensure that any
precipitates are dissolved into the post-processing sample.

A 10ml control sample was taken from the initial thorium nitrate solution. A 10 ml sample was taken from the

processed sample after the make-up water was added. These samples were submitted for testing to determine
the amount of thorium reduction.

Test Results 1: Quoting the commercial laboratory's report: "Sample A was used as a standard. A Thorium
line was generated with a blank, 0.5 g/1 of Sample 4-22 [laboratory calibrating sample], and 1.0 g/l of Sample
A [before-processing sample]. Using this line, the after-processing sample, Sample B [post-processing sample],
had a Thorium content of (.23 times that of sample A, a 77% reductioniin Thorium." [Words in square brackets
are additions by the authors. |

Note: The commercial testing laboratory used Atomic Emissien Spectroscopy (ICP). The above test results are
indicative of one of the best achievements in the amount of thorium reduction produced by the processing. By
proper observation of the radioactivity of container, €lectrodes, and evolved gases on a before-and-after basis
(all were essentially background), it is assumed. that the thorium was changed into some other element or
elements. This simple analysis was dongto determine the amount of reduction in thorium. Another before-and-
after sample from another experiment was submitted for gamma-ray spectroscopy. Here are the results of this
second set of samples:

Test Results2: The before-proccssing sample (Sample A) was analyzed using gamma-ray spectroscopy and the
number of counts (gamma-ray emissions from sample A) were recorded for 50 energy levels (ranging from 77
KeV to 2614 KeV) and latertabulated. The after-processing sample (Sample B) was then analyzed using the
same procedure and the counts were recorded and tabulated.

Most of the gamma-ray energy levels in the report are identified as various emissions from the daughter products
of thorium. For this set of samples, the thorium reduction percentage had not been determined. The initial
thorium in Sample A was present in Sample B in a substantially lesser amount. The testing laboratory's
comments were: "The ratio column [after processing divided by before processing] indicates the percentage
of gamma-ray counts remaining (not the reduction) for cach of the daughters of thorium. The reduction of
gamma-ray counts for each of the daughters of thorium varies dramatically.”

Authors' Analysis: The total radioactivity of the samples was determined by adding all of the gamma-ray counts
from all fifty energy levels for both samples. One would expect that the ratios of before-and-after would be the
same for all energy levels that correspond to the daughter products of thorium. This was not the case. The total
counts for the before-processing sample A totaled 5,567,687 counts. The total counts for the after-processing
sample B totaled 2,234,490 counts. The ratio of after-processing to before-processing is 0.401. Therefore,
it can be stated that the total radioactivity (as measured by gamma-ray counts) of the processed material
was reduced by about 60 percent. This is a dramatic achievement for a low-energy electrolytic process.
However, there was considerable disparity in the ratios of the various gamma-ray emission energy levels. This
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disparity in the ratios of the various thorium daughter isotopes suggests that unknown nuclear processes are
involved. This experimental observation deserves further study.

Test Results 3: This test ran for four hours. About 0.8 grams of thorium nitrate was processed with 40 drops
being added at the start, 30 more drops after one hour, and 30 more drops of thorium nitrate after two hours.
Before and after samples were submitted for gamma-ray spectroscopy. The total counts for the unprocessed
sample was 270,741 counts and the total counts for the after-processing sample was 117,003, Assuming that
no thorium decay products were lost from the electrolyte, these measurements show that the radioactivity (as
measured by gamma-ray counts) was reduced by 56.8 percent. A retest, using the same samples, was conducted
at a later time. The total before-counts were 335,840; the after-counts were 153,285; the amount of reduction
was 54.4%.

Authors' Interpretation: Because there is a close agreement between the reduction in thorium and the
reduction of radicactivity of the thorium daughter decay products, itis assumed thatthe Neal-Gleeson Process
has aboutthe same capability to change both thorium nuclei and the nuclei ofthe daughter productsinto other
elements which are notradioactive. Other experiments have been conducted on stable elements with before-and-
after samples submitted for tests made with mass spectrometer equipiment. In these tests new elements were
foundinthe after-samples that were not present in the before-samples —elements that also were not originally
present in the electrodes or container walls.

While it is readily admitted that these experimental results are highly unexpected according toour current
models of nuclear reactions, the implications of these results strongly suggest that additional independent
replications of this experiment be conducted. _Assuming that successful replications are independently
performed and similarresults areachieved, there arcreasons to belicve that this newly-discovered electro-nuclear
process can be adapted to the amelioration of radioactivity in radioactive liquids.

C. AMELIORATION OF RADIOACTIVE SLURRIES

One of the important potential applications of the Neal-Gleeson Process is the reduction of radioactivity in
radioactive slurries. For exampley.at the Hanford Site, Washington state, there arc 177 tanks of radioactive
slurries, 67 of which are assumed fo be lcaking [5,6]. The 66 million gallons of slurries contained in thesc tanks
are the byproduct of ever fifty " vears of processing. Initially, the Hanford Site was established to separate
uranium-235 from otheruranium isotopes by a gascous-diffusion process. Later, experimental nuclear reactors
were established at the site for further research and development of nuclear processes.

While itis important to properly handle any type of radioactive materials, the most dangerous are the high-mass
elements that tend to breakdown by self-induced nuclear reactions. Although most of the radioactive decay
processes involve beta decay, the highermass elements often decay by the emission of alpha particles and a few
elements decay by spontaneous fission with neutrons emitted. The listed byproducts of nuclear decay are beta
particles; alpha particles (essentially an ionized helium-4 nucleus); gammas (high-energy photons); and a few
neutrons. All of these can be characterized as ionizing radiation and can be hazardous to living organisms.

The emission of beta particles can be contained casily as these electrons have little mass and can be stopped by
a thin sheet of material. The emission of alpha particles (helium-4 nuclei), especially at high energy levels, and
the high-energy gamma emissions arc the more dangerous and predominant radiation from the radioactive
slurries. These ionizing radiations traveling through living tissue can cause tissue damage by impinging on the
structure of livingcells and can leadto cancers and death. The leading long-term cause of death in the Chernobyl
aftermath has been some of the long-lived radioactive isotopes of cesium and strontium (especially cesium-137
and strontium-90)because these clements are stored in bone tissue where they actas long-term sources of tissue-
damaging radiation.
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A careful study of the type of nuclear byproducts of the Neal-Gleeson Effect will show that elements having
atomic numbers of 1 through 40 (hydrogen through zirconium) are generallystable. Ifisotopes of these elements
are radioactive, the radicactive decay processes are almost all beta decay and the half-life of such radicactive
isotopes are short (generallyin seconds or minutes). In contrast, the elements of high atomic numbers 66 through
96 (dysprosium through cali fornium) have manyradioactiveisotopes. Theradioactive decay processes are often
alpha particles or spontaneous fission with some production of neutrons. The half-life of many of these
radioactive isotopes range from 1 to 1,000 years.

A process which can cause the higher atomic number elements to be split into smaller elements appears to be
a desirable method by which certain radioactive elements can be handled. Itis highly desirable to be able to
select process-control parameters so that only stable daughter nuclei of the parentelements are produced.
In this manner, the radioactivity of today's highly dangerous radioactive slurries can be ameliorated.

CONTINUQUS FLOW PROCESSING

It would be highly desirable to be able to take a batch of radioactive matetial, process the material, and remove
100 percent of the radicactive elements. At the current state of the art, this desirable condition may not be
feasible. The bestresult that has been demonstrated experimentallyis thereduction of about seventy percent of
the initial amount of a high atomic number parent element.

The results of further experiments (nuclear reactions occurringwith elements of high atomic mass) will be used
to design asystem to remove ahigh percentage of radieactiveunaterials. If not all of these heavier elements are
transformed into fission products with one pass through the Reactor Cell, it will be necessary for there to be a
removal of stable elements and the return to the Reactor Cell of the remainder of the slurry being processed.

Two such processes are depicted in the following Fig. 1:
Fram Slurry Tank In Fig. 1a, the input of the parent elements (which
l = could be a radioactive slurry) into the Reactor
) .],l Cell would be controlled to maintain a desired
volume of material in the reactor cell. The output
Reaactor call —_—

: of the reactor cell would flow into a chemical
separation process. In this operation the stable

:hem:‘:‘n —I—T elements that were formed would be removed by
eparatl . . .
_ pc.au a selected chemical process. (It is believed
Fig. 1a »L[_r possible to design the reactor cell process to
Stable Elements ensure that the new elements created would be
Fram Siamy Tank easy to remove in the Ch_emical Separation
Process.) One output from this process would be
i — the removal or output of stable elements. The
Chemical | iL remainder of the processed slurry would be fed
Separaton back into the Reactor Cell for reprocessing.
| Cell — Feactar J:
| F I In actual operation, this process in the Reactor
ToiStatag Cell is energy intensive and therefore, a
Fig. 1b Stabls Elements considerable amount of heatis generated with the

result that steam is produced. Atleast part of the

heat produced 1s assumed to be produced by
exothermic nuclear reactions. The production of steam serves to maintain a reasonably high degree of molarity
of the parent element in the process stream.
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It is desirable to select the process control parameters so that, if possible, one of the daughter products of the
nuclear reactions is a stable isotope of a gas. The other daughter product (experimental evidence indicates
predominate pair production) is a stable isotope of an element easy to remove by simple chemical reactions in
the Chemical Separation Process. In addition, one of the process design goals is to be able to treat a variety of
radioactive trans-uranic heavy clements and still be able to chemically separate the stable products with simple
chemical or electrochemical processes. The alternative is to make a chemical separation prior to processing the
slurry in the Reactor Cell as depicted in Fig. 1b. However, this type of chemical processing is a more complex
and expensive process. Until further properly conducted experiments arc performed, the most beneficial method
is vet to be determined.

NUCLEAR REGULATORY LICENSE

For the processing of radioactive slurries inthe 11.S., it will be necessary for the opératienal entity to qualify for
and be licensed by the U.S. Nuclear Regulatory Commission. Careful engineering eonsiderations must be given
to the following aspects of the processing of radioactive slurries:

1. Itis expected that the primary radioactive materials to be progessed 'will be various isotopes of thorium,
uranium, and plutonium.

2. Experimental data needs to be obtained on slurries containing each of these three elements when processed
separately and also when processed in combination.

3. The processing of a variety of isotopes of the same element is expected to be more complicated than the
processing of a single stable clement. For example, Bismuth (atomic number 83) and Thorium (atomic number
90) have only one naturally-occurring isotope. ™ In=eontrast, Platinum (atomic number 78) has scven stable
isotopes.

4. Inradioactive slurries, the number of isotopes for a specific element is expected to be numerous. Therefore,
the end result may be a wider range-of daughter products. For example, Uranium (atomic number 92) has three
naturally-occurring isotopes and eleven isotopes with half-lives ranging from 1 day to many years.

5. A careful experimental and theoretical study should be performed concerning the possible daughter elements
that can be produced bv.the Neal-Gleeson process and the change in radioactivity between before and after
radioactive samples.

6. The energy-intensive nature of this low-energy nuclear reactor should not be deemed a deterrent to the
consideration of on-site processing of radioactive materials. This point is especially true in view of the existing
laboratory demonstrations of several new-energy devices that are expected to greatly reduce energy costs.

7. A cost-benefit analysis should be made for the on-site amelioration of radioactive slurries as compared to
the enormous costs of packaging, transporting, and storing the same materials. (One of the latest proposals for
packaging, transporting, and storing radioactive slurry is to encase a volume of slurry in a hydraulic cement that
hardens under water. One of the potential failure modes of such a concrete tank is the gradual breaking of
mineral bonds in the cement by long-term radioactive emission of gamma rays and by neutron bombardment.)

8. Practical engincering design must include methods of replacing electrodes in the Reactor Cell. Obviously,
the Reactor Cell will be highly radioactive when full of radioactive slurry. The Reactor Cell will be less
radioactive when drained of slurry but still sufficiently hazardous to require some type of robotic or automatic
method of electrode replacement.
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9. It must be determined to what extent vapors from the Reactor Cell or from the Chemical Separation Cell are
radioactive and what methods are required to contain or handle such vapors.

10. Tt is obvious that the processes described for the processing of radicactive slurries can be applied to stable
clements having high atomic numbers. Therefore, there is expected to be a great deal of experimental work
performed with stable elements and an increased understanding of the processes involved before working with
radioactive slurrics. However, the case of replication and the relatively short processing time (typically one to
three hours) should permit rapid accumulation of experimental data.

D. CONCLUSIONS

The discovery and development of the Neal-GGleeson Process for the electro-nuclear transmutation of heavy
elements appears to be a major scientific discovery. However, the process must be replicated by independent
third parties (currently in process). When replicated, it is expected that the progess will be developed as a cost-
effective contribution to the elimination of the major hazards associated with the amelioration of high-level
radioactive wastes.
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COLD FUSION EXPERIMENTS, THEORY, AND MANAGEMENT
AT THE NAVAL RESEARCH LABORATORY

David J. Nagel
Naval Rescarch Laboratory
Washington, D.C.

ABSTRACT

As a matter of responsibility to the public, which ultimately funds it, the Naval Research Lab. has actively
conducted and monitored attempts to make "cold fusion" phenomena reproducible and understandable. This
presentation will survey these activities.

Experiments: We performed six different experiments, either new or copi€s.of others, explicitly aimed at "cold
fusion" and related phenomena. These will be summarized and seme views of others reported "cold fusion”
experiments will be presented.

Theories: NRL and associated scientists have published theoretical work on two "cold fusion” motivated studies,
namely ion band states and phonon-driven hydrogenisotope diffusion. A broadreview of "cold fusion” theories
is now underway.

Management: Numerous presentations have beenmade by the author to government agencies and other groups
to provide information and stimulate programg. “lhesc include the OSTP, DARPA, DSWA, (ex-DNA), ONR,
IDA, and the Philosophical Society of Washington. results of these interactions will be summarized briefly.
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TRITIUM PRODUCTION FROM PALLADIUM AND PALLADIUM ALLOYS

T.N. Claytor, M.J. Schwab, and D.G. Tuggle
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

A number (22) of pure palladium samples and palladium alloys have been loaded with a deuteriumor hydrogen
plasma in a system that allows the instantaneous measurement of trititum. By carefully controlling the high
pressure plasma conditions, the plasma can be constrainedto only contact palladium surfaces and to only lightly
sputter the palladium. TLong run times (up to 200 h) result in an integration of the tritium and this, coupled with
the high intrinsic sensitivity of the system(~ 0.1 nCi/l), enables the significance of the tritium measurement to
be many sigma (> 10). In addition to the real time tritium measurement, the deuterium gas can be combined with
oxygen, atthe end of arun, resulting in water samples that were countedin a scintillation counter. The results
of these confirmatory measurements of the tritium in these watersamples agree quantitatively with the decrease
in tritium as measured by the ion sensor. However, surprising concenttations (up to 1.5x 10° dpm/ml) of tritium
were found in several samples that had been exposed to a hydride inhibitor. We have continued to investigate
the effect of hydrogen additions on the output of tritium in these types of experiments and find that hydrogen
additions always suppress tritium production. We will.show the difference in tritium generation rates between
batches of annealed palladium, as received palladium and the palladium alloys (Rh, Co, Cu, Ni, Be, B, Li, Hf,
Hg and Fe) of various concentrationsto illustrate thattritium generation rate can vary greatly fromalloy to alloy
as well as within a specific alloy, dependent on'Cencentration. Other metals (Pt, Hf, Ni, Nb, Ta, V, W, Zr) have
also beenrun inthe system as background samples or to determine if tritium could be detected in the gas analysis
system. In ncarly all cases they have preduced results very close to background drift rates.
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ISOTOPIC DISTRIBUTIONS OF HEAVY METAL ELEMENTS
PRODUCED DURING THE LIGHT WATER ELECTROLY SIS ON GOLD ELECTRODE

T. Ohmori, T. Mizuno, and M. Enyo'

ABSTRACT

Some 100 [ g of fine black porous deposits comprised mainly of Au, Hg, Pt, Fe, Si and F were obtained during
the cathodic electrolysis on Au electrodes in 0.5 M Na,SO, and Na,CO, light water solutions for 20-30 days at
a current densities > 300 mA/cm?  The isotopic distributions of these elements other than Au, Pt and T as
determined by SIMS analysis were found to deviate from their natural isotopic abundance. The structure of Au
clectrode surface after the electrolysis revealed very unusual aspects.

INTRODUCTION

We have observed the production of some 10 | g of Fe with an unusual isotopic abundance ('Fe: 14.5 - 25%)
on/in Au electrode during the cathodic electrolysis for 7 days at a current density of 100 mA/cim?® [1]. More
recently, it was found that when the current density was inereased up to 200 - 300 mA/cm?, some 100 1 g of fine
black porous powders were deposited at the bottom of the electrolytic cell from the Au electrode, the main
constituting elements of the deposits were Hg, Pt, Fe, 8i and F other than Au and, in addition, a small amount
of Os was detected in some cases. The isotopic distributions of Hg, Fe and Si contained in the deposits were
evidently different from their natural valuess“Lhis“fact suggests strongly the occurrence of some nuclear
transmutation reactions. In this report we willidescribe the experimental procedures and results, and propose
some possible reaction schemes.

EXPERIMENTAL

The electrolytic cell used was made of fused quartz. The working electrodes were cold worked Au plates (about
2.0 cm? in area; 0.1 mm thick; 99.99% purity; Ag: 21 ppm; Pd: 3 ppm; Cu: 1 ppm; Fe, Si, Rh, Pt: <1 ppm; no
detectable Hg, Os and Zn), whose surfaces were scraped with a cleaned glass fragment to make the strained
surface. The roughness factor of the electrode determined from the double layer capacitance [2] was around 2.0.
The counter clectrode was a 1 x 7 cm, 80 mesh Pt net (99.98% purity; Rh: 18 ppm; Pd, Cr, Si: 2 ppm; no
detectable Hg, Os and Zn). The clectrolytes used were Na, SO, and Na, CO, from Merck (supra-pure grade; Fe,
Zn < 0.01 ppm; no detectable Si, Hg, Os and F for Na,SO,; 51 < 0.5 ppm; Fe, Hg < 0.05 ppm; Zn < 0.01 ppm;
no detectable Os and F for Na,C0;). The volume of the clectrolyte solution used was 100 ml and the
concentration was adjusted at 0.5 M. The electrolysis was carried out galvanostatically for 20 - 30 days at a
constant current ranging from 1 to 3 A. Before the electrolysis, the working electrode was kept at RHE potential
by passage of H, gas into the cell. During the electrolysis , Milli Q water was supplied every 24 hours to
maintain the total solution amount constant. The deposits obtained were washed with Milli Q water and placed
on Ni or 7r plates and the constituent elements of the deposits were analyzed by means of SIMS, AES and EDX.
The AES measurement was made withuse of an ANELV A ASS-200 Auger electronspectrometer with 3.0 KeV
of beam energy and 2.5 A of filament current. The EDX measurement was conducted with use of an EG &
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Mizuno -- Faculty of Engineering, Hokkaido University, Sapporo, Japan.
Enyo -- Hakodate National College of Technology, Hakodate, Japan.
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GORTEC EEDS-II. The SIMS measurement was carried out with use of a HITACHI IMA-3 ion micro analyzer
by O," ion irradiation (100 nA primary ion current, 12 KeV accelerating voltage) from Hitachi Instruments
Engineering Company, 1td.

RESULTS AND DISCUSSION
ANALY SIS OF THE DEPOSITS

Fig. 1 shows the pictures of the deposits placed on a Ni substrate and their SEM image. The deposits are very
porous with a lot of fine pores of nm order, and look like pumices. As a typical example, the relative
concentrations of the constituent elements of the deposits and electrodes before and after the electrolysis with
mass numbers ranging from 1 to 200 estimated from the analysis of SIMS spectra (1st scan) are shown in Fig.
2 (a-d). Inthis case, the electrolysis was performed in Na,CO, solution for 30 days at a current density of 500
mA/cm?. We can see from this figure that the major component is Au, besides that, considerable amounts of
Hg, Pt, Fe, Si, and F are contained in the deposits and on/in the electrode after electrolysis. In addition, Zn also
looks tobe present, however the SIMS spectra in that region are possible to beoverapping with TiO,", SO, and
TiF" so that the quantitative estimation of Zn would be difficult. The considerable amount of C detected here
is probably due to some contamination. From the comparison of thescaesults, it is clear that the contents of Hg,
Pt, Fe, and F are much higher in the case of the deposits or of the'clectrode after clectrolysis thanin the case of
the electrode before clectrolysis and, especially, the contents of Hg, P, and F are much higher in the deposits.

The presence of Hg and Pt was also confirmed by AES and FDX measurements. Fig. 3 and Fig. 4 show AES
and EDX spectra of the deposits, respectively. EDX spectra shown here was those of the deposits obtained by
the electrolysis in Na,CO; for 20 days at a current density_.of 800 mA/cm?. In AES spectra, both I1g and Pt
signals are detected in the vicinity of the surface. Ingpection of the EDX spectrum of the deposits, on the other
hand, we can see only Au signals with Pt shoulders (the widths were a little expanded). However, when
subtracting the spectrum of pure Au from the spectrum of the deposits, two pairs of Hg and Pt signals appear in
the energy ranges from 9 to 10 and from'11 to 12 keV. The fact that the major constituent clement of the
deposits is Au suggests strongly that the deposits were produced at Au electrode during the electrolysis.

ISOTOPIC ABUNDANCE

The i1sotopic distributions of Hg contained in the deposits and on/in the electrode after electrolysis and the
isotopic distributions of Fe, and Si contained in the deposits obtained by SIMS analysis are shownin Fig. 5, Fig.
6, Fig. 7, Fig. 8 from 1st'to 15th scans. The data of Fe and Hg on/in the electrode were obtained by the
electrolysis in Na,CO; at a current density of 500 mA/cm? and the datum of Hg in the deposits was obtained in
Na,CO, at a current density of 800 mA/cnt. The datum of Si was obtained by the electrolysis in Na,SO, at a
current density of 800 mA/cm? The isotopic distributions of these elements reveal significant deviation from
their natural isotopic abundance. Thus, for Hg, Fig. 5 and Fig. 6, the isotopic content of *Hg is 35 - 50%,
evidently higher than its natural value of 23.13%, while the content of “*Hg, which being the major component
in nature, is reduced from its natural value of 29.80% down to 15-20%. The content of 2*ITg has a tendency to
increase in the inner part of the deposits or electrode, and the contents of **Ig and **Tlg inthe deposits tend to
increase in the surface part. The contents of other isotopes change to some extent. We can see from these results
that there is not much difference in the change of the isotopic distribution between Hg in the deposits and on/in
the electrode.

For Fe, Fig. 7, the content of *'Fe increases significantly as in the case of Fe produced on Au electrode after
electrolysis [1], however, in this case, its ratio ("Fe/°Fe) is much higher, exceeding 50% especially in the
vicinity of the surface. This ratio has a tendency to decrease in the inner part of the deposits.
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The content of Si in the deposits was increased significantly by the electrolysis in Na, SO, at a large current
density (eg. 800 mA/cm®), and, in that case, the color of the deposits changes from black to white gray. The
signal of Si was clearly observed also by EDX measurement. As seen from Fig. 8, the content of major isotope,
*8i,in the deposits is decreased down to about 58% fromits natural value of 92.2% in the vicinity of the surface.
On the contrary, the contents of °Si and *°Si were increased. The extent of the decrease in the content of *8Si
of the deposits prepared in Na, CO, at a current density of 500 mA/cen? is alittle smaller, the content near the
surface being 70-75%. These results show that considerable large amounts of °Si and *Si are produced
preferentially by the electrolysis in Na,SO, at a large current density, eg. 800 mA/cm?. As reported already, the
isotopic distribution of Si present on/in Au electrode after electrolysis in (0.5 M Na, SO, at a current density of
100 mA/cm?® was nearly equal to the natural isotopic abundance [3], and in fact, the isotopic distribution of Si
present on the Au electrode after the electrolysis in Na,CO,; for 30 days at a curtent density of 500 mA/cm?
remains to be equal to natural isotopic abundance. Such Si is considered to be fin€ glagspowders produced when
scraping the electrode. Therefore, there would be no doubt that *°Si and *°Si‘are produced at Au electrode
through some process occurring when the deposits are produced.

SURFACE STRUCTURE OF AU ELECTRODE AFTER ELECTROLY SIS

It was found thata lot of craters with various sizes are created and developed along the scraped lines of the
Au electrode surface during the electrolysis, for example, in Na,CO, at a current density of 500 mA/Cm? for 30
days. Each crater has a deep hole. The size of the largest one reaches about 20 pm diam. and 30 4 mheight.
Typical SEMimages of the craters are shownin Fig. 9(a-b). From the appearance of the crater, one can imagine
that some micro explosion took place at that place. Their outside walls consist of very fine porous substances,
very alike to the structure of the deposits shown'in Fig. 1(b). In addition, the major clement of the deposits was
found to be Au from the EDX analysis. Hence, it is very likely that the deposits were spewed out from these
craters as the ashes as aresult of some partial micro explosion, probably caused by some micro nuclear reactions.
The walls inside the crater are constituted by a lot of fine hexagonal crystallites which are assignable Au(111).
These crystallites may be considered to be produced by the reconstruction of Au polycrystals owing to the
clevated heat evolved locally by the micro explosion. As already described above, we did not detect as much
Hg, Pt on/in Au clectrode. afterelectrolysis as in the deposits. Perhaps, SIMS analysis was not pin-pointed at
the wall of the crater precisely.

REACTION SCHEME

The amount of deposits obtained by the ¢lectrolysis conducted in this experiment was 0.5 - 1 mg. The content
of Hg in the deposit can be estimated at least at several percent from the result of AES, EDX and SIMS
measurement, from which the total amount of Hg produced yields some 10 |4 g. On the other hand, evenin 100
ml of the clectrolyte solution of 0.5 M Na, CO, containing 0.05 ppm of Hg as an impurity, the amount of Hg
which must be contained in the deposits as an impurity would be at most 0.35 4 g. In addition, we detected
considerable amounts of F by SIMS measurement in every deposits obtained, the amount of which being
somewhat larger than the amounts of Hg or Si obtained by the electrolysis at current densities < 500 mA/cm’.
The element, F, would be scarcely present in the environment as long as we do not add it artificially. Hence, it
is not understandable that such amount of F 1s introduced into the electrolytic cell as animpurity. The deviation
of isotopic content of Hg, Feand Si in the deposits strongly suggests that these elements were produced by some
nuclear transmutation reaction.

As to the reaction scheme, although it is still far from the completion, we presume on the basis of the resulis
obtained that the nuclear transmutation start by the following reaction,

197Au + an — 198-204Hg. (1)
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The Hg atoms thus produced have very high energies, being unstable, then decompose partly to produce Pt, e.g.
by the following reaction,

*Hg — Pt + 'He (2)
and occasionally, to produce Os by
196pg - 1920y + 4Te. (3)

However the change of the isotopic distribution of Ptis not significant so that the reactions (2) and (3) would
not occur pronouncedly (most of Pt present on the deposits 18 considered to come from the counter electrode. ).

On the other hand, we presume that Si and F are produced from Fe, by the followingteactions,

*Fe + 231 + *Ne + 2*He 82
Fe — 2°Si + Ne + 2*He (5)
Fe — 81 + “Ne + 2'He (6)
"Ne — "“Fat B (6)
The — 398 NE #2°He (7
LNe= °F . (7"

The reaction scheme of producing Fe is unambiguous yet, however, at present stage, we presume as follows,
198-204Hg = 56-57'1_]‘e + 141-144){e (8)

The Xe atoms thus produeed argunstable which would cause further fission reaction to produce some elements
with smaller atomic numbers.

It is very mysterious why such transmutations take place by the electrolysis of light water at aroom temperature.
It is known that there are small amount of H active sites on Au [4-3] where the hydrogen evolution reaction
occurs exclusively by slow recombination mechanism [6-8]. Thercfore, at the place where such sites are
concentrated (perhaps, it corresponds to the lattice defect), the concentration of H would remarkably increase
with increasing hydrogen overpotential, and, in addition, a considerable amount of micro cracks would be
created with high loading of H. As a result of this, extremely strong electric field would be possible to be
formed locally at that place. Under such a condition, some H atoms would have a chance to acquire extremely
high kinetic energy and become accessible to Au nuclei enough to cause the nuclear transmutation even
instantancously.

The study of this field is still a starting stage and our concepts concerning the reaction scheme would be far from
the completion. In spite of this, there is hardly any doubt that the nuclear transmutation reaction occurs in the
clectrolysis systemat aroomtemperature fromthe experimental results obtained here. To elucidate this problem,
much more extensive information would be needed.
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Fig. L
(a) Deposits placed on a Ni plate (dark spots mostly distributed at the right hand side) and (b) their SEM image (x 30,000).
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Relative concentration of the constituent elements of the deposits and of Au electrodes before and after electrolysis. (a)
elements with mass number from 180 to 204, (b) elements with mass numbers from 50to 70, (c) elements with mass numbers
from 23t0 48, (d) elements withmass numbers from 1 to 23, (solid line) deposits, (dashed line) electrode after the electrolysis
and {dotted line) electrode before the electrolysis. Electrolysis was performed in 0.5 M Na,CO, solutions for 30 daysat a
current density of 500 mA/cm?

The value of Zn is that estimated by assuming that all spectra in that mass number range are only attributed to Zn.
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Fig. 3
Typical AES spectra of the deposits, where S means the sputtering time. The deposits were prepared by the electrolysis in
0.5 M Na,CO; solution for 30 days at a current density of 500 mA/cm®.
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Fig. 4
Typical EDXspectra of the deposits and puregold and difference spectrum between twospectra. (1) spectrum of the deposits,
(2) spectrum of Au electrode before electrolysis and (3) difference spectrum. The deposits were prepared by the electrolysis
in 0.5 M Na,CQ, for 20 days at a current density of 800 mA/cm®
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Fig. 5
Isotopic distribution of Hg containing in the deposits, (O) ' Hg, (@) 2*°He, (A)*'Hg, (&) **Hg and (X) ***Hg. Dashed
lines show the natural isotopic abundance levels of individual isetopes. The deposits were prepared by the electrolysis in

0.5 M Na,CP, for 20 days ata current density of 800 mA7Cm’. “In this calculation the isotopic content of " Hg was regarded
as natural isotopic abundance.
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Fig. 6

Isotopic distribution of Hg containing on/in the electrode after the electrolysis, (O) 'Hg, (@)*°Hg, (A)**'Hg, (A)*Hg and
(x)**'Hg. Dashed lines show the natural isotopic abundance levels of individual isotopes. The electrolysis were made in 0.5

M Na,CO, for 30 days at a current density of 500 mA/em?®. The deposits were prepared by the same procedures in the case
of Fig. 5.
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Fig. 7

Isotopic distribution of Fe containing in the deposits, (OY*TFeand (@) Fe. Dashed lines show the natural isotopic abundance
levels ofindividual isotopes. The deposits were prepared by the electrolysis in 0.5 M Na,CO, for 30 days at a current density
of 500 mA/cm’.
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Fig. 8

Isotopic distribution of Si containing in the deposits, (OY*Si, (@ Y’Si and (Ay’Si. Dashed lines show the natural isotopic
abundance levels of individual isotopes. The deposits were prepared by the clectrolysis in 0.5 M Na,SO, for 30 days at a
current density of 800 mA/cm,,
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Fig. 9
SEM images of the Au electrode after the electrolysis in 0.5 M Na,CO, for 30 days ata current density of 500 mA/em’, (a)
image from upside (x1,000), (b) image from horizontal side (x1,000).
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ANOMALOUS RADIOACTIVITY AND UNEXPECTED ELEMENTS
AS A RESULT OF HEATING INORGANIC MIXTURES

(G.H. Lin and J. O'M. Bockris !

ABSTRACT

This paper reports anomalous radioactivity and unexpected elements observed in 1992 at the Texas A&M
University as a result of igniting a mixture of inorganic compounds. The details of the experiments and the
analysis in our laboratory and other private laboratories are presented.

INTRODUCTION

Rutherford [1,2] at Cambridge in 1919 achieved the first "artificiallyvinduced transmutation™ by bombarding
nitrogen with alpha particles from radium to produce oxvgen. This achievement rounded high energy physics
but it also created a mind set, breaking a nucleus needed.a million times more energy than is given out in a
chemical reaction.

The first reported cold transmutation in modern times is that of Ramsay et. al., who claimed the transmutation
of other elements into helium and neon, reportedby FJ. Thomson [3]. Thomson did a similar experiment as that
of Ramsay, but he was uncertain whether the liberation of rare gases upon bombardment in a discharge tube is
duc tothe fact that the gases are carlier absorbed from air or whether they are formed by means of transmutation.
Kervran, in 1955, did some systematic studics in biological systems where he described the conversion of Na
to K [4]. George Oshawa, et al.o[5) and Michio Kushi [6] in 1964, made a series of experiments on the
transmutation of clements. These experiments were performed at normal temperature and pressure through
clectrochemical methods., The experiments described by Oshawa et al. for the production of Fe from C and O
allow one to reproduce the experiments and has been repeated recently [7,8,9]. Many recent reports [10] are now
appearing in the literature which suggest low energy nuclear conversion of elements.

The recovery of precious metal (noble metals) using fire assaying has been used for along time and a number
of variations ofthis technique have been proposed. Some methods have given more precious metals then others.
It has been suggested that recovery of more gold from the ores by use of different fire assaying technique is the
result of transmutation at chemical temperatures of other clements to gold instead of by means of a greater
efficiency in extraction.

In this paper, we report experimental results on anomalous radioactivity and appearance of small quantities of
unexpected elements achieved by rapidly igniting a mixture of inorganic compounds. The details of the
experiments and the results analyzed in our laboratory and in other private laboratories are presented.

L Dept. of Chemistry, Texas A&M Univ., College Station, TX 77803
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EXPERIMENTAL RESULTS

A. Anomalous Radioactivity

A decay of [3- radiation after igniting a chemical mixture has been observed [11 ].

The experiment was performed on April 14, 1992. The chemical composition of the mixture used are listed as

follows:

C

KNO;

S

Si0,
FeS
Hg,Cl,
PbO

100 g
300 g

30g
30g
40¢g
10g
10g

(Johnson Matthey, 300 mesh, 99.5 %)

(Baker, 99.2%)
(Spectrum)

(EM Science, 60-200 mesh)

(Chempure)

(Fisher, 99.98%)
(Johnson Matthey, 99.99%)

The chemicals were weighed separately, and then mixed together. The mixture was ignited in a hood. The burn
lasted about 60 sec. The product was ground in a mortar with a pestleiafter cooling down. Samples from both

the original mixture and the product were examined.

250
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Fig. 1. [3 counts as a function of time.

Radioactive emission from the samples

was detected by means of a [} detector
(Model 44-1, Ludlum Measurements, Inc.),
and recorded by a multichannel pulse
height analyzer (Model 800, The Nucleus
Inc.) and a data system (Model
ZVM-123-A, Zenith). The P detector was
covered by ablack box to shield it from the
room light.

The P counts of the product were higher
than those of the raw material, about 1.4
times greater. The [B counts of the raw
material were stable. On the other hand,
decay of the [ radiation from the product
was observed. The B count of the product
(background counts subtracted), as a
function of time is shown in Fig. 1. An
exponential [ decay was observed, and a
half'life time of 17.7 hours was calculated.

Several other experiments were performed. Not every experiment gave the same results, i.¢., conditions for the
reproduction of the experiment are not yet well defined.
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B. Unexpected elements

Six experiments, named thermal 1 to thermal 6, were performed in Texas A&M University from April 30, 1992
to June 15, 1992. The experimental results are summarized briefly in Table I. The concentration factor has been
considered in the table and the following text.

Table 1. Summary of Experimental Results

Experiments Main Results

Thermal 1 Two times increase of Pt was observed. One fire assay experiment showed the
existence of visible Au.

Thermal 2 250-450 ppm of gold present in the product. An increase in Pd was observed, too.

Thermal 3 The weight of precious metal after cupellingfrom the'chemical mixture with Hg
was 3-4 times heavier than that without Hg.

Thermal 4 A large amount of gold, about 1700 ppm (with respect to the mineral sand) was
found.

Thermal 5 The gold concentration in the productwas about 178 ppm (with respect to the raw
material).

Thermal 6 No gold was found in either experiment (with and without Hg in the raw material).

(1). Thermal 1 experiment was fired on April 30, 1992. The weight of chemicals in the experiment was 1671
g, and the chemical compositionref mixture is listed below:

C
KNO,
S

$i02
FeSO,
Cd
Hg,ClL,
PbO
Ag
AgNO,
Ni

Pd

300.g
900°g
80¢g
120 ¢
100 ¢
30g
100 ¢
50g
499 ¢
62¢g
20¢g
978 ¢

(Johnson Matthey, 300 mesh, 99.5 %)
(Baker, 99.2%)

(Spectrum)

(EM Science, 60-200 mesh)
(Chempure)

(Johnson Matthey, 325 mesh, 99.5%)
(Fisher, 99.98%)

(Johnson Matthey, 99.99%)

(Johnson Matthey, 100 mesh, 99.95%)
(Johnson Matthey, 99.998%)
(Johnson Matthey, Grade 1)
(Engelhart)

Twenty two gram of the raw chemical mixture (before firing) were sent out for analysis, and 1649 g. of the

mixture were fired using a propanc-oxygen torch. The mixture afterignition burned with a yellow flame and the
reaction was completed in 3-4 minutes. The total product after firing was 783.4 g.

Both the raw material and product were sent to Bondar-Clegg in Ottawa and the CSIRO Laboratories in
Melbourne, Australia for analysis. Bondar-Clegg used a fire assay and an ICP method. The CSIRO used ICP
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and atomic absorption. The remaining product was analyzed by our research team in Texas A&M University
by using a fire assay method.

The produced precious metals after cupelling were analyzed by different methods, including XPS, EDS, X
fluorescence, X-rays, ICP, and neutron activation.

Both the result from Bondar-Clegg and CSIRO showed no gold, and the analysis results by our team with
different methods also showedno gold, exceptfor aspecific fire assay run, where visible gold was found by EDS
and 148 ppm of gold (with respect to the raw material) was observed by ICP measurement.

The results from Bondar-Clegg and from CSIRO showed twice times increase in Pt in the product. The X rays
experimentin Texas A&M University also showed aPt signal. Neutron activationin Texas A&M showeda small
signal for Au and Ir.

(2). Thermal 2 experiment was fired on May 22, 1992. The total weight-of the/chemicals in the thermal 2
experiment was 1715 g, and the chemical composition are listed on following:

G 300g (Johnson Matthey, 300/mesh, 99.5%)
KNO, 900 ¢ (Baker, 99.2%)

S 80¢g (Spectrum)

Si0, 120 g (EM Science, 60-200:mesh)

FeSO, 100 g (Chempure)

Cd 20¢g (Johnson Matthey, 325 mesh, 99.5%)
Hg,CIL, 100 g (Fisher, 99.98%)

PbO 50 g (Johnson Matthey, 99.99)

Ag 49¢g (Johnson Matthey, 100 mesh, 99.95%)
CaO 20¢g (Baker, recagent)

There are two main differences between thermal 2 and thermal 1. The first is that CaO was used to replace Ni.
The second is that Pd was not used.

The total weight of the chemical mixture was 1715 g, and 1655 g was used for the firing. The weight of the
product was 849 g.

Both the raw material and product were sent to three labs (Bondar-Clegg in Ottawa, Chemex in Nevada, and
Mintek in South Africa) for analysis. The remaining products were treated by means of a fire assay method and
analyzed in our laboratory in a similar way as was thermal 1.

Chemex used a fire assay - ICP technique. The gold composition increased from 0.3 ppm (with respect to the
raw material) to greater than the detection limitin the product (detection limit is 100 ppm). Bondar-Clegg used
a fire agsay - DCP technique. The gold concentration increased from 0.12 ppm to 450 ppm (with respect to the
raw material) in the product. Mintek used four different methods to analyze the samples. The gold concentration
increased from 4 ppm in the raw material to 420 ppm. An interesting feature is that an increase of Pd was
observed in all the three analyses. The increases of Pd were from 0.5 ppm to 1.3 ppm by Bondar-Clegg, from0.4
to 2.1 ppm by Chemex, and from 0.3 ppm to 1.3 ppm by Mintek.

The analytical results in our laboratory were the following. Three sets of experiments were performed. The first
set used 126 g of product, and 0.4 ppm (with respect to the raw material) of gold was detected. The second set
usc 131 g of product powder, 253 ppm gold was detected. The third set used 481 g of product, 240 ppm of gold
was obtained.



104 Journal of New Energy

(3). The next experiment, thermal 3, used mineral sand instead of pure chemicals. Thermal 3 used a mineral
{mineral 1), which contained no gold and silver. The total weight of chemicals in the thermal 3 experiment was
770 g, and the chemical composition are the following:

Mineral 1 100 ¢ (Action Mining)

PbO 20¢g (Johnson Matthey, 99.99%)

C 150 ¢ (Johnson Matthey, 300 mesh, 99.5%)
KNO, 450 ¢ (Baker, 99.2%)

S 0g (Spectrum)

Hg, CT, 20¢ (Fisher, 99.8%)

Thermal 3 was fired on May 27, 1992. On the same day, another comparison experiment was fired, which had
the same chemical composition but contained no mineral.

Thirty grams of thermal 3 productand acomparison product were treated. The fire assay treatment from thermal
3 products contained 3 mg of precious metal (50 ppm), compared to.0.8:mg.of bead (13 ppm) from a comparison
sample.

No further analysis for the thermal 3 product was performed.

(4). Thermal 4 had the same chemical composition as.thermal 3 except that mineral sand 2 instead of mineral
sand 1 was used. The mineral sand 2 contains 1.6 ppm.of Auand 4.8 ppm of Ag. The experiment was fired on
May 30, 1992.

The total weight of the mixture was 770'g. . The product powder was 360 g. Part of the product, 100 g, was
treated by the fire assay method. A quitelarge amount of visible gold, about 47.3 mg, was obtained, which was
cquivalent to 1700 ppm of gold (with respeet to the mineral sand).

(5). Thermal 5 was a repetition ofthe thermal experiment 2. The total weight of the chemical matrix was 1615
grams. The weight of the:homogenized powder after ignition was 841 g. The fire assay -ICP method gave 178
ppm of gold (with respect to.the-raw material).

(6). Thermal 6 experimenthad two independent parts. The first part was the same as thermal 4, and the second
part containing all the chemicals but no Hg,Cl,. The two parts were done in the same experimental conditions.
Both parts were fired on June 8, 1992,

However, the fire assay method gave no gold in cither part of thermal 6 experiment.

C. Other Thermal Experiments

Eleven experiments, thermal 7 to thermal 17, were run from June 1992 to January 1993. The recipes of these
experiments were the same as thermal 2. No gold was detected in these later experiments except in one specific
run (thermal 10)in which 0.3 ppm (with respect tothe initial weight of chemical mixture) of gold was detected
by fireassay plus ICP technique. The [3 counts were also recorded. No significant changes were observed except

in a specific run (thermal 13), where an exponential 3 decay with a half life time of 23 hours was observed.

DISCUSSION
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Four experiments showed anenhancement of goldby 1-2 orders of magnitude above the maximum concentration
of gold present in the starting material. These results were confirmed by multiple independent analyses using
several different methods and executed by various organizations. However, it was not found possible to
reproduce these results in later attempts.

Two [3 decay experiments showed a half life time of around 20 hours. However, these two runs did not give
positive gold production. In 1995, Nominski [12] suggested that the apparent [3 decay of the bumed product may
have been caused by a layer of water adsorbed increasingly from the atmosphere. Thus, further investigation
would be required for obtaining a definite conclusion as to the reality of the radioactivity.

The lack of repeatability of the results firstly obtained, does not permit a conclusion that the examined
"eunpowder" method caused transmutation at low energies. There is a tradition among mining engineers that,
by use of such explosive techniques, an order of magnitude increase in thesnoble'metals extracted from ores

otherwise classed as "low grade” can be achieved. However, three successful experiments used pure chemicals,
not ores, as starting materials.
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INVESTIGATION OF REPORTS OF THE SYNTHESIS OF IRON
VIA ARC DISCHARGE THROUGH CARBON COMPOUNDS

T. Grotz!

ABSTRACT

Recent research[1,2] has investigated the transformation of carbon to iron under certain experimental conditions.
Reports by Pulver [3] and Oshawa [4] of iron formation in carbon by exposure to anelectric arc are the subject
of this report. Iron formation was originally proposed as a result of the reaction’inrairof carbon and oxygen to
form silicon, then nickel and finally iron as follows;

26C12+28016 — 214si28 s 28Ni58 fod 26F656

Particles ofmagnetic material attracted to a magnet were given as proof of a transformation. Duplication of this
experiment under more controlled conditions with analysis ofthe iron content of the of the carbon sample before
exposure to an electric arc discharge lead to the conclusion‘thatthe iron found in the sample may be due to other
factors than originally proposed.

INTRODUCTION

This series of experiments was conducted to confirm reports of iron formation in carbon when the latter is
subjected to an arc dischargein air. The deseription of an experiment conducted by Frederick Pulver [3] formed
the basis forthe investigation. Pulver had heard from Michio Kushi of the experiment done by George Oshawa
[5] and associates, circa 1960, to'show the transmutation of carbon to iron. The experiment was based on the
theory that the transmutation éffect can be classified according to the eastern philosophical principles of yinand
vang [6]. The experiment consigted of stirring carbon from a "laboratory vial of pure carbon powder"” [7] with
a carbon rod on a copperplate, across which was connected avariable a.c. power supply as shown in Fig. 1. The
carbon was initially testedfor iron content by placing a sample on a clean white piece of paper and passing an
Alnico™ magnet under the paperto observe the motion of any iron particles present. No particles were attracted
to the magnet. The carbon was then stirred with the carbon rod and subjected to arcing and heating for 10 - 15
minutes. After allowing the carbon to cool, it was again tested for magnetic particles by placing the sample on
the paper and passing a magnet underncath.  As reported by Pulver [8] “...there were small (sand grain size)
particles which were definitely magnetic, which followed the magnet around.” Pulver’s’ recreation of the
experiment yvielded the same results as predicted and previously obtained by Oshawa.

Because there was no stated iron content of the sample before and after the experiment and because the magnetic
particles were not analyzed for iron content, a series of experiments was conducted to more closely examine the
phenomenon.

! Wireless Engineering, Inc., 760 Prairie Avenue, Craig, Colorado 81625
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EXPERIMENT
EXPERIMENTAL SETUP

As shown in Fig. 1, the experiments required the use of a 220 VAC voltage source and current regulator. A
series of adjustable chokes totaling 15 mH was used as a current regulator. The current was adjusted to a
maximum of 40 amps during the process of stirring the sample with a 12.79 mm diameter x 128.18 mm long
carbon rod on a copper plate. The carbon rod was obtained from Wale Apparatus. Typical iron content for is
given at 100 ppm. Before processing, each sample was poured overa 1 inch square by 1/2 inch neodymium iron
boron magnet to remove any magnetic material that might be present in the sample. Charcoal, activated carbon,
and coal werc used as sources for carbon in the experiment. No detectable magnetic'material was found in the
samples before processing,

Charcoal, (activated powder)
The first experiment was conducted using 10 g of fine mesh charcoal manufactured by Mallinckrodt. No data
concerning iron content is available from the manufacturer. Heavy metal content was listed on the label as

0.002%, chloride (Cl) 0.02%, sulfate (SO,) 0.02%, and uncarbonized constituents as passes test.

After stirring the charcoal for 15 minutes and allowing 10

T minutes for the sample to cool, a 1/2” diameter x 1.47
k\@(y thick ncodymium magnet was used in an attempt to pull

magnetic material fromthe carbon. No magnetic material
was obtained from the carbon. No transformation was

Awmnumor|  gvident as described by Pulver.
CHOKE Carbon Rod Y

18 mh

Activated Carbon

Acitivated Cartso A bag of activated carbon of the type commonly used in
my fish tank filters was obtained from a pet supply store. The

activated carbon was divided in half and ground into # 8

and # 60 mesh lots. Ten grams of #60 mesh carbon was
Fig. 1 Diagram of Electrical connections. stirred for 10 minutes with a five minute pause and then
stirred again for 10 minutes. Using the 1/4 inch diameter

neodymium magnet, 0.12 g of magnetic material was pulled fromthe sample. Immediately after the last arc was
struck, the temperature of the tip of the carbon rod was

measured to be 136°C.

(@)
e/ .

Ten grams of #8 mesh activated carbon was processed in
the same manner. Using the same magnet, 1.20 g of

magnetic material was removed from the sample. et Bt
Further processing of the sample in 10 minute intervals for

a total of 40 minutes vielded an additional 0.34 g of

magnetic material for a total of 1.54 g. Before the Gopper plate

additional processing, the weight of the carbon rod was
28.59 g. After processing the rod was weighed again and
found to have retained the same weight of 28.59 g.

Fig. 2 Experiment with coal as carbon source.
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Copper and Aluminum plates and rods.

In an attempt to rule out the possibility thatthe carbonrod and the copper plate might somehow be contributing
to the phenomenon, a 6061716 aluminum plate 100 mm x 65 mm x6.32 mmand a 12.71 diameter x 128.60 mm
rod of 606116 alloy was used torepeat the experiment. Aluminum alloy 606116 has an iron content of not more
than 0.007 %oby weight After processing for 10 minutes 0.23 g of magnetic material was pulled from the sample.

Further processing was discontinued due to the formation of slag on the tip of the aluminum rod which had a
tendency to melt during the discharge.

Coal used as a Source of Carbon.

An alternate form of carbon for the experiment inthe form of sub-bituminous coal was-also tested for magnetic
material formation. Coal of this typeis used in fossil fuel electrical generation plants and typically contains 40 -
60% carbon. In order to prevent the coal from igniting during the arc discharge process, the sample was bathed
in a stream of CO, as shown in Fig 2.

The mineral analysis of the coal is typical for coal mined in northwestern'Colorado. An ash analysis yields the
following typical percentages.

phosphorous pentoxide 1.35 potassium oxide 1.14
silicon dioxide 53.06 sodium oxide 0.28
ferric oxide 1.16 sulfur trioxide 6.71
aluminum oxide 19.18 barium oxide 0.65
titanium dioxide 0.63 strontium oxide 0.19
manganese dioxide 0.05 undetermined 4.82
calcium oxide 9.14

magnesium oxide 1.64 Total percent 100

Both #8 mesh and # 60 mesh coal were used in the arc discharge experiment. Each sample of 10 g was stirred
for 10 minutes. Because the 60 mesh coal would not conduct an arc, 5 g of the Mallinckrodt charcoal was added
to the mixture to facilitate a discharge. Afier cooling, there was no detectable magnetic material in the samples
using the magnetic separation method previously described.

ANALYSIS OF THE RESULTS
Ash analysis of the activated carbon was performed by Standard Laboratorics in Casper, Wyoming, The iron

oxide (Fe,0;) by ash analysis was determined to be 3.81%. Iron makes up 70% by weight of iron oxide. The
percentage by weight of iron in the ash is then;

0.70( 3.81%) = 2.67% iron content in the activated carbon
In 10 g of the activated carbon sample there would be;

0.0267(10 g) = 0.267 grams of iron
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The experimentthat yielded the mostmagnetic material was analyzed by The Colorado Assay Company, Denver,
Colorado. The total iron in the 1.50 g sample sent in for analysis was found to be 1.485%

0.01485(1.50 g) = .022 g of iron removed from the sample (processing time of 40 min.)

An experiment was conducted to determine the iron, nickel, and silicon content of the activated carbon before
and after processing, and the content of iron, nickel, and silicon in the magnetic material pulled from the
processed activated carbon. Table I shows the results.

This amount of iron is an order of magnitude less than that which occurs naturally-in the sample. Because of'this
result, an analysis of possible iron contamination from the rods or other sources was not considered The excess
weight of the material moved after processing appears to be due to magnetic material that is part of or encased
in particles of carbon. Using an Alnico™ magnet to pull magnetic material out.of the sample resulted in removal
of very fine particles that closely resembled iron filings. The particles removed using the neodymium magnet
resembled grains of sand as described by Pulver.

Table I
% Content of elements Fe Ni Si
Before processing 3.8 <0.01 4.01
After Processing 0.33 <0.01 2.82
Magnetic material removed 2.48 <0.01 4.62
from Activated Carbon

Additionally, it was noted that-there was a great variability in the amount of material removed vs. time under
process. In Fig. 3 it can bé.seen'that after 40 minutes of process there was slightly less than a gram of magnetic
material removed. Theweurve appears to reach an asymptote around 0.10 grams indicating that there is a point
at which no more magnetic material may be removed from the sample using the arc discharge process. Ifthe data
reported by Sundaresan and Bockris are plotted in this manner, ingnoring a data point that seems to be
abnormally high, (electrode three after 10 hours), a similar shaped curve results.

It is proposed here that the high current density of the
Grams Fe removed vs. Time  arc discharge magnetizes magnetic material that exists
within the particles of the activated carbon. This then
allows separation of the magnetic material from the
sample using a magnet. The #60 mesh samples may
have had magnetic material broken down into asize that
was too small to be magnetized by the current flow of
the arc. The relationship between size of a particle
containing magnetizable material and the ability of an
electric arc discharge through the particle to magnetize
the material is outside the scope of this report.
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Because the #60 mesh samples of charcoal and
activated carbon did notyield magnetic material, it may

Fig. 3. Fe removed over time.
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have been that the “laboratory grade” carbon used by Pulver was much coarser in size.

In essence there are two contradictions to the original reports of transmutation of carbon into iron. First, the
laboratory grade carbon by Mallincrodtdid not produce magnetic material, although the laboratory grade carbon
used by Pulver did. Second, when magnetic material was produced from carbon, the quantity that was removed
was an order of magnitude less than occurs naturally.

It is however fortuitous that the theory of Oshawa sparked the experiments of Bockris, Sundaresan [1], Singh,
et al [2], who have found anomalous formation of iron during arc discharge experiments.

FUTURE RESEARCH

Since the experiments described above were conducted, the author has learned of experiments conducted by C.
Alcbar at the Kushi Rescarch Institute that indicate that voltage potential and current density arc important in the
formation of iron in chemically pure carbon [8]. This is in accordance with more detailed descriptions of the
carbon toiron transformation experiments presented by Kushi and Akbar [9]. Future work will attempt to define
the parameters around iron formation vs. voltage and current and if anomalous amounts of iron are formed at
optimum conditions.
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OBSERVATIONS ON THE ROLE OF CHARGE CLUSTERS
IN NUCLEAR CLUSTER REACTIONS

Ken Shoulders and Steve Shoulders!

ABSTRACT

Deuterium loaded palladium foils, produced by both electrolytic and ultrasonic processing, have been micro-
analyzed fornuclearreactions. Thecharacteristic strike marks ofcharge clusters, knownasEVs, have been found
to occur concurrently with nuclear reactions in micrometer-sized arcas. In the elcetrolytic case, the reaction is
attributed to charge clusters generated from mechanical energy, first stored.and then suddenly relecased, from a
brittle metal lattice through the mechanism of fracto-emission of clectrons. For the acoustic case, EVs are
generated by charge separation in a collapsing bubble. When areas«previously free of low energy nuclear
reactions are bombarded in cither vacuum or air by externally generated charge clusters, nuclear reactions are
produced at the bombardment site. Charge clusters are considered to function as a collective accelerator capable
of injecting a large group of nuclei into a target with sufficient energy density to promote the nuclear cluster
reactions observed.

1. BACKGROUND

Highly organized, micron-sizedclusters of clectronshaving soliton behavior, along with number densities equal
to Avagadro’s number, have been investigated by K. Shoulders since 1980 [ 1] [2] foruse in electronic systems.
To facilitate daily discussion of the entity,a shert Latin acronym has been adopted and the structure is called an
EV, for strong electron. Their organizational propertics have been theoretically studied and reported by P.
Beckmann [3] and R. Ziolkowski {4].The origin of an explosive emission process capable of producing this
extreme state of matter has recently been described by G. Mesyats [5].

What is seen in the laboratory is°an extremely energetic entity capable of being transformed into a wide range
of action-producing variations. Measurements have been made showing there are no included ions to a limit of
atleast one ionper million electrons. The total number of electronsin a one micrometer diameter EV is 10", This
number allows for inclusion of about 10° nuclides that would escape detection by measuring the charge-to-mass
ratio of the structure in such a primitive way as time-of-flight. For all practical purposes, the entire ensemble of
clectrons and nuclides would be collectively accelerated to the velocity of electrons. This gives the effect of a
very simple and efficient nuclear particle accelerator. Nuclides canbe added to the basic EV tosuch a highlevel
that the net charge becomes positive. Under this condition thereis no valuable collective acceleration, although
other interesting effects occur.

Over time, a number of observations have been made showing that the characteristically high energy density of
EVs are enhanced further by interaction with certain target materials. The simplest observation method is to
allow an E'V to strike a metal electrode and note the magnitude of the plasma plume arising due tothe explosive
decomposition of the EV order. On some strikes there is copious X-ray production, very energetic plasma plumes
and a “wildfire” effect to be discussedlater. Conversely, other strikes cause a normally energetic micro plasma
plume without the higher energy output. The cause for some of these differences, as seen on palladium foil, is
the

1 1025 Freestone Ranch Rd., PO Box 243, Bodega, CA 94922-0243 Phone: (707)876-1880
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subject of this paper. In the interest of brevity, we will use the term, NEV, to designate EVs containing nuclides.
In the scenario being developed here, the NEV acts as an ultra-massive, negativeion with high charge-to-mass
ratio. This provides the function of a simple nuclear accelerator.

It is not the intent of the observations presented here either to add or take away anything from the ongoing
discussions of low-energy nuclear reactions. Rather, it is the intent to show a similarity between electrolytic,
sonic, and gaseous discharge methods for producing the effects observed. However, it is difficult to explain the
observations without some extraordinary means for introducing “foreign” material.

Fig. 1 Fig. 2

II. STRIKE MARK INTERPRETATION

As areference to what anormal EV strike on a metal
foil target looks like, Fig. 1 shows an example
produced on an aluminum target having a thickness
of about 6 pum. In this case, the EVs were produced
by a very simple external power source consisting of
a hand-held Tesla coil appliedin air. Thebackside of
a typical strike on the same material is shownin Fig.
2. It can be seen that the energy of the strike is
sufficient to penetrate the aluminum. Using a higher
resolution, chromium film-on-glass type of witness
plate, Fig. 3 shows more detail of the energy center
for the same kind of strike without having much
lateral thermal transfer through the target. The strike
is about 3pm in diameter and this should serve as a
reference for the core size of energy that is delivered
to the Pd sample being investigated.

When higher melting point materials are struck in
vacuum by an EV, the craters change in both size and
shape. Fig. 4 is an example of a strike on a stainless
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steel metal foil 13 pum thick. The back side of the foil 1s shownin Fig. 5. Once again, there is adequate energy
tor penetration. The peculiar splash pattern of ejected material onthe back side is caused by using an aluminum
back-up plate to help suppress charge accumulation onthe high resistance stainless steel foil. Without this plate,
the negative charge density can be so high thatthe EV.isunable to land and it will skip away to deposit energy
elsewhere.

The arc literature has many examples ef‘thisitype of strike mark, often called cathode craters, but there is
difficulty in distinguishing between cathodeand anode craters onbulk materials by appearance alone. This point
is often complicated by not beingrable to tell which electrode is a cathode and which is an anode. Further
exasperation results by studyingwerk done on unipolar arcs where alaser beam strikes a surface having asingle
potential and produces a miniature thunderstorm ofcharge that, first, separates into positive and negative clouds,
and then forms an BV destined for the electrode that appears positive to this newly-formed negative entity.

In fact, both cathode andanode craters do appear very much alike unless analyzed at high resolution. This
analysis is not easy to do on most bulk materials, such as those used here. The craters seen on both sonically
processed and electrolytically processed surfaces share the enigma of the unipolar arc. Cathode and anode marks
are largely indistinguishable. Fortunately, for externally generated EVs, where the distance is large and filtering
1s possible, the polarity problem is largely overcome. The target is the anode.

III. PALLADIUM SAMPLE PREPARATION

Two samples of palladium, treated by different processes, were contributed from other laboratories. A sample
was sent by John Dash of Portland State University. A slightly similar sample was used by Dash [6] in an early
cold fusionpaper showing nuclear conversion in micrometer-sized areas. The particular sample wereceived was
about 100 m thick and hadbeen electrolytically treated in heavy water, using sulfuric acid electrolyte, on 7-26-
93. According to Dash, “the sample was immediately washed in deionized water and stored in acovered plastic
dish.”

A second sample, treated by ultrasonic process, was contributed by Roger Stringham of E-Quest Sciences. The
sample was runin D,O on April 29, 1996 in reactor M 11 B and wasoriginally a foil 100 pm thick. The received
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Fig. 6 Fig. 7

sample consisted of bits of palladium that were energetically detached by cavitation from the main palladium
foil and had fallen to the bottom of the ultrasonic apparatus. The samples analyzed were about Y2 millimeter in
extent across their diameter. They were tested in the as-reeeived condition.

IV. TESTS ON THE DASH SAMPLE WITHOUT EXTERNAL STIMULATION
Initial tests on the surface morphology of the samplewere done in the authors’ laboratory using a SEM to see

if EV strike marks could be located that would likely arise from fracto-emission. Such strike marks were found,
although they differed slightly from standard EV marks produced using the aforementioned methods. A typical
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example is shown in Fig. 6. Although the small bright mark in the center is somewhat characteristic of an EV
strike, the one on the extreme right is more typical. This mark is magnified in Fig. 7. The size of the strikes are
smaller than is usually seen by external EV generation methods and the brittle structure of the base Pd has altered
their appearance slightly, sometimes producing a molten, elongated cavity aligned with some metallographic
feature. In all likelihood, the main strike hit the large black areain Fig. 6 and was blown away withit. A slight,
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light colored decoration of the lower edge of the crater shows the effects of evaporated material as the gjected

fragment left.

Fig. 10
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The brittle nature of the material shown in Fig. 6 is
apparent from the shape of the fracture lines. Also, there
are melted regions showing that testify to an intense
heating process. An X-ray microanalysis of almost any
area of the surface thathas not been subject to a disruptive
process is shown in Fig. 8 and is basically pure palladium.
On the other hand, an X-ray microanalysis of a typical
fractured region, like that shown inFig. 6, is shown inFig,
9 and depicts quantities of Mg, Ca, 5i, Ga and Au, along
with the base Pd signature. Manyiexamples similar to the
one shown appear on the substrate, although, on this
particular sample, they-arewidely separated. Itis possible
that these new materialy were produced by nuclear
reactions invelving.the two major materials initially
present, namely, palladium and deuterium, although they
could have coneceivably migrated into the region along
1 grain boundaries.

Fig. 12

Taking the nuclear reaction view, it is the authors’ contention that the craters on the surface are caused by a
locally created, fracto-emission site that then produces a NEV strike and that, in turn, this nuclear cluster input
is responsible for the nuclear cluster reaction produced. A wide variety of crater shapes would be expected on
such an active surface. That some of the most energetic strike marks would be carried away with the gjection of
a brittle material chunk would be expected as well. In fact, brittle chunk ¢jection is the sine quo non of the
surface. In this case, most of what remains to be seen would be the ineffective strikes. The egjection of
incompletely-used nuclear fuel material is not a desirable trait, but it is commonplace in this sample. Inthe next
section, an example will be shown of more complete retention of material using an external initiation method.
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V. TESTS ON THE DASH SAMPLE WITH NEV STIMULATION
A primitive EV generator was used to bombard a localized region of the same sample just discussed. It consists

of ahand-held Tesla coil of the type designed to locate vacuum leaks in glass apparatus. A region of the sample
was masked off by a dielectric shield, and then, with the sample grounded, sparks were allowed to strike the

X-ray analysis of Fig. 12
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Fig. 13

surface from a distance of about 1 centimeter.Smallflashes are produced wherever the spark terminates on the
surface. This is the signature of an EV strike angd it dependably produces the kind of marks shown in Fig. 1 and
Fig. 3, provided there is no added energy fromsthe surface itself.
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Fig. 16

Although the sirike mark produced by the above method of generating an EV is very consistent on the standard
wilness plates discussed, there is no assurance as to the kind and number of nuclides loaded into the structure.
When this EV loading is an important parameter of a nuclear reaction produced by a NEV, as it may be when
working with deuterium loaded Pd, such a chance method of loading may be found insufficient for consistent
work.
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Occasionally, one of the strikes on the material being analyzed produces a result that is uncommon to the low
energy BV strikes shown in eitherFig. 1 or 3. An example of thisshows in Fig. 10 on a region of the surface that
includes a brittle fracture on a thin surface layer. This layer has been effectively peeled back by throwing melten
material sideways along the path of propagation. Although the NEV strike may have initiated the process,
continuation appears to be self-propagating due to locally added energy. This is the Hallmark of an exothermic
process, and if the active material extends to a great depth, complete runaway can occur.

In the center regionshown in Fig. 11, and magnified in Fig. 12, the X-ray analysis shown in Fig. 13 defines the
production of either new material or something foreign included in the substrate along the boundary defined by
the dark marks. Although an inclusion of dirtis easilysuspected for the crack shown, no suspectmaterial appears
unless the region is involved in an energetic strike.
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The explosion in this region was produced by bombardment with an externally produced NEV and the strike
mark can be clearly seen. In addition, there is some surface decoration showing that defines an energy release

which has scoured the surface! producing a light colored region below the main strike. The cause of this
“wildfire” will be discussedilater.

In some regions there is an exception to the rule of gjecting
a brittle piece of substrate material. Fig. 14 shows a strike
region where gross melting occurred in a way that is also 1
very uncommon for EV-only energy deposition on benign _
substrates. This melted region seems to have been moving
sideways at the time it froze in place. Keeping the nuclear 7
fuel bound to the surface, as it is here, is more desirable than o4
losing it through brittle fracture chunks being thrown off.

Unfortunately, electrolytic processing needs the brittle X-ray analysis of

structure to serve as the nuclear initiator. Separation of the s Fig-13:
processes of initiation and fueling would be desirable.

] . .
An example of what appears as a “wildfire” propagation of X o MR A
energy shows in Fig. 15 and Fig. 16. This effect has also : Enerey trat)
been seen on other than Pd surfaces, but it is quite Figg.19

pronounced here. The runaway process was triggered by
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the arrival of an externally made NEV. The encrgy feeding the process seems to emanate from cracks formed
in the brittle, top layer of Pd. This layer is about 0.1 min thickness and extends over the entire surface. It would
seem incumbent on this highly stressed layer to either peel or otherwise breakaway from the base material in an
explosive fashion, producing fracto-emission of electrons. An input shock from anexternally supplied EV would

likely supply a trigger for this process.

Fig. 21

The X-ray microanalyses of Figs. 15 and 18 arc shown in
Fig. 17 and Fig. 19 respectively. The analysis of Fig. 16 was
done while centered on the large, dark crack on the left.
Analysis for Fig. 15 was done on the crack on the right side.
When the bright, melted area, slightly above center and left
in Fig. 15 was analyzed, there was nothing but Pd showing.
Apparently this arca was below a critical threshold of energy
density or size for nuclear cluster reactions.

Fig. 18 shows an arca having a mixture of cracks, molten
spheres of material and an EV strike that has been partially
obliterated by other activity. There is a minimum amount of
wildfire activity in this eruption. Fig. 19 is an X-ray analysis
of the dark crater on the left side of Fig. 18. Small amounts
of “foreign” material show here. With the limited analysis
done, the source of this material is unknown.

Mechanical storage of energy is thought to be the source for the small EVs produced. It has been determined,
both experimentally by the authors and theoretically by G. Mesyats [5], that the size of an EV structure is a
function of the high specific energy delivered to the metal. Higher energy density produces smaller structures.
The locally obtained encrgy from micrometer-size sources gives a higher input energy density than the best
external power sources used for EV generation, usually limited to the one micrometer size range.

This wildfire process appears to have little value in the mode seen because it is below the threshold level for
triggering the main nuclear cluster reaction we seck. So far, there have been nonuclear transitions observed that
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are associated withwildfire action. Its principal function has been to more accurately pointto mechanical, fracto-
emission as thelocal source of stored energy to trigger a cluster nuclear reactionthrough the instrument of NEVs.

VI. TESTS ON THE E-QUEST SAMPLE

The ultrasonic processing method produces a different surface morphology from samples processed
clectrochemically. The ultrasonic method tends to wipe out its past surface history more rapidly than does the
clectrochemical method. It does this by both adding colloidal particles of the parent metal to the surface, and at
the same time, removing material by mechanical shock. EV craters that would normally look very sharp on
unmolested surfaces show a fuzziness characteristic of repeated pummeling. Nevertheless, Fig. 20 is a view that
shows 4 classic EV witness marks, similar to those shown in Fig. 4, and characteristic of most bulk material
surfaces having a high-melting point. Fig. 21 shows a crater produced in a protected region. Brittle fracture is
evident here. There is evidence of melting shown deep down in the crater, signifying an energy production
process at work that is not strictly surface related. In a private discussion, Roger Stringham has stated that the
edges of such craters are usually the location of transmuted material. This isdn aceordance with what is found
in electrolytically treated samples where it is casier to view the undisturbéd residue of a reaction.

The origin of the observed strikes has not yet been clearly delineated'in any theory known to the authors.
However, work has been done onEVs produced under water by electrical methods, and the results give the same
witness marks as those shown earlier from gaseous production methods. The fact that light shows as 50psflashes
in the sonoluminescence process associated with cavitationy and-that this corresponds to the time known to occur
in EV formation processes, points to the possibility of sonically produced EV structures made through cavitation
charge separation.

Fig. 22 shows a SEM photo taken of a foil prépared by R. Stringham and photographed by J. Dash and R.
George. The micron mark in the photo has been restored by the authors and is only approximate. The most
obvious thing that can be seen at this lowsnagnification is the large impact craters generated by a few strikes
from some unknown energy concentration process, probably having to dowith momentum transfer from the fluid
bath to the surface. These strikescboth totally penetrate the foil and also knock out trumpet-shaped, brittle
fragments on the reverse side of the strike. These strikes are more like driving a nail through the material and,
according to the notions being presented here, would not likely vield nuclear reactions. In the nuclear cluster
reaction theory, the energy density is the all-important parameter to maintain. Large, low-energy-density strikes
represent aloss of energy gain in the process of nuclear conversion. The measure of energy density might be
found most expeditiously by the number and type of nuclear transitions produced.

The main point to be made here is that marks arc made on the ultrasonically processed surfaces that are very
similar in both size and shape to those made by EVs under more controlled conditions. Examples of sonically
bombarded surfaces taken from the literature show many classic EV-ike witness marks.

VII. DISCUSSION OF OBSERVATIONS

The nuclear reactions produced in the observations made have many things in common, but the most outstanding
of these s the clustering effect. All reactions found occur inregions of only a few square micrometers in extent.
This is also the size realm of the NEVs used to cither fuel or trigger the events. From this observation it is
necessary to conclude that such nuclear reactions are fundamentally an intense event involving large numbers
and not onec of widely isolated events working individually at an atomic level.

From only a small set of observations, it is increasingly apparent that thereis a threshold effect in which no new
or “foreign” material is produced until the physical size of the stressed area is above about 1.5 [im in lateral
extent. Additionally, the percentage of new material seems to increase as the size of the reaction grows. The
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production of high atomic number elements also increases with reaction size. Before the observations made in
the course of this work can be taken seriously, many more samples must be tested.

In the search for the validity of this threshold effect, one must consider that the energy density of the initiator
sets the threshold size of the nuclear cluster reaction. High energy density in the initiator would produce small
clusters, just as it does with high-energy, individual nuclei found in standard nuclear processes. The low energy
density of our initiator process would be expected to give rise to larger clusters containing more events with the
concomitant low energy by-products. NEV generation is a compression process that blends smoothly with other
compression processes, like cavitation excitation, but the maximum density is limited by unknown factors.

From other work donein thearea of high-charge-density effects, the timing of the events being studied here occur
in scarcely more than a few tens of picosecconds. Even with this short interval of time, there is a series of steps
leading to the final result we see in frozenimages. For the self-triggered electrolytic process, first, thereis a slow
loading process that produces a brittle product. Next, there is a very rapid brittle fracture of sufficient magnitude
and shape to give riseto a NEV that is loaded with whatever nucleons are most available. In the case considered
here, it is likely that over 100,000 deuterons are included. These nuclei are then*hurled, with the high energy
density afforded by the EV compression process, into the parent material. This 18 done by a collective
acceleration at alow-applied voltage, in the kilovolt range, but having the equivalent velocity of megavolts, due
to the acceleration mechanism.

The theoretical basis for a controlled, micro volume, D-T thermonuclear process is described in a paper by V.
Skvortsov and N. Vogel [6]. In the model, the authors interact-a local, laser-produced, intense micro beam of
heavyions with condensed matter. The extreme state of matterproduced, in the Gbar pressurerange, is generated
by interacting shock waves like those demonstrated in EV technology [7]. Functionally, the two processes are
nearly identical with the NEV method being the sasicr of the two.

At this pointin the reaction process there'is a void of knowledge, but we will attempt an ad hoc explanation of
the observed results. The mostoutstanding observation of “cold fusion” in general is that the by-products of the
nuclear reactions produced have much lower energy than conventional “hot fusion” reactions. In our opinion,
this is due largely to a nuclear cluster, reaction having an unknown form of coherence .

Ag in any harmoniously coupledreactions, it is easier to dispose of excessively high peak energies by coupling
them into an interlocked networlk of lower encrgy, coupled states. A supreme example of this is found in the
Massbauer effect whereby=a solid lattice of atoms, acting in unison, takes up departing gamma photon recoil
energy. In a like fashion;:the most energetic components of our nuclear cluster reactions are transferred to
multiple, lower energy states through group action. This can be a conversion process without loss. Carried to an
extreme, atheoretical conversion could be made in which all of the energy in one class of nuclide is converted
to another without any external indications. This super transmutation would be the cquivalent of
superconductivity and really not that much more surprising.

In the imperfect world in which our process is embedded, the debris of nuclear reaction is transformed into heat
and some crrant, energetic particles. It is the effect of nuclear cluster reactions, with their propensity for low
levels of peak energy output that produce the most desirable properties and notwhether the processis cither cold,
tepid, hot, low energy or high energy. The underlying merit of this unspecified process stems from the salient
fact that some still unknown, coherent, group action lies at the root of it.

Electrolytic and sonic processes, occurring in solutions, are difficult processes for extraction of certain operating
mechanisms. By bombarding surfaces in vacuum with externally genecrated NEVs, the brittle fracture
requirements become null and nuclear fucling processes can be separately investigated in great detail. What is
immediately apparent here is that any area on the surface becomes a willing site for nuclear reactions and
concomitant isotopic conversion. However, there remains a requirement for cluster action in which billions of
atoms cooperate to produce a more desirable end point.
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With the crude method of generating a NEV used here, there can be no accurate determination of either the
energy level or the number of nuclides included in the NEV. The critical size must lie between the limits of the
successful 3 pum cluster used by the authors and the largest of the ineffective strikes seen, around 0.5um in
diameter.

There is also a contribution of energy from the substrate that cannot be accurately accounted for at this time.
Taking advantage of the mechanically-stored energy is mostly a matter of supplying a mechanism for
concentrating the available energy of the many small strikes that lie below the triggering threshold. Arranging
for a particular fracture gecometry would be one such method, but this technique is felt to be impractical because
external NEV generation is much casier.

VII. CONCLUSIONS

It has been determined that the electrolysis of Pd in heavy water produces a brittle layer on the surface that
fractures in a manner producing fracto-emission of electrons. These electrons/are arganized into concentrated
electron structures containing nuclei, called NEVs, and then collectively aceelerated into the surface where they
produce a nuclear cluster reaction.

Sonically-treated Pd surfaces in heavy water are also subjectto the same dense-clectron andion-cluster treatment
that arises from charge separationin a collapsing bubble. A nuclear-cluster reaction is also produced from this
process.

Deuterium loaded Pd foils, spark bombarded in air with ‘an electron cluster, incidentally loaded with nucleons,
produce nuclear cluster reactions.

Indications arc that the cluster type of nucleapteaction is responsible for the limited number and mild nuclear
reaction products escaping the reaction site that produced them.

In the limited work done here, therg is.the appearance of a threshold for the nuclear cluster reactions observed.
The threshold is connected to a physical size for the cruption seen and is near 3 cubic micrometers of material.
In addition, there seems to be'a preferred production of heavier nuclides with increasing size of the disrupted
area.
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ADVANCED TRANSMUTATION PROCESSES
AND THEIR APPLICATION FOR THE DECONTAMINATION
OF RADIOACTIVE NUCLEAR WASTES

A. Michrowski !

ABSTRACT

There are deviations to the standard model of radioactive atomic nuclei decay reported in the literature. These
include persistent effects of chemical states and physical environment and the natural, low-energy transmutation
phenome na associated with the vegetation processes of plants. The theory of neutral currents is proposed by
Nobelist O. Costa de Beaurcgard to account for the observed natural transmutations, alsoknown as the Kervran
reaction. "Cold fusion"” researchers have also reported anomalies in the formation of new elements in cathodes.
This body of knowledge provides the rationale for the observed and successful and developed advanced
transmutation processes for the disposal of nuclear waste developed.by Yull Brown involving a gas developed
by him with a stoichiometric mixture of ionic hydrogen and ionic oxvgen compressed up to 100 psi. Another
procedure, still in experimental stages, involves the environmental interaction of non-Hertzian electromagnetic
ficlds and targeted radioactive samples. In both methods, the radioactivity in samples decreases by up to 97%
rapidly and at low cost.

INTRODUCTION

Since the discovery of natural radioactivity, it was generally believed that radioactive processes obeyed orderly,
simple decay rate formulac and that nuelear processes operated completely independent of extra nuclear
phenomena such as the chemical state.of the system or physical parameters such as pressure or temperature. A
solid body of scientific literature.describes a small percentage variation of the order of 0.1 to 5% in the decay
constant under a vaniety of chemical and physical conditions. [7, 8, 10, 12, 13, 23, 28]

The standard definition ‘of-half-life or half-decay time is the time taken by a given amount of a particular
radioactive substance to undergo disintegration or decay ofhalf ofits atoms. Measured half-lives vary from less
than a millionth of a second to billions of years in the case of Uranium. There are four modes of decay, three
are named after the first three letters of the Greek alphabet, i.e., alpha, beta, and gamma and the fourth is the
recently discovered proton decay.

CURRENT MODEL OF DECAY

By way of review, for the Bohr-Rutherford model of the atom, the nucleus is composed of the heavy particles
or hadron or the proton and the neutron, and is surrounded by a cloud of electrons (or light particles or leptons)
the number of which depends on the atomic number (for neutral atoms) and also the valence state (for ionized
atoms). Alpha particles are Helium nuclei, “He? consisting of two protons and 2 neutrons; beta particles are
electrons (negative charge) and positrons (positive charge) and gamma rays which are in the short wave length
of the clectromagnetic radiation band; the proton is a hadron. Alpha particles and protons arc strongly
interacting particles as are all hadrons.

1 President, Planetary Association for Clean Energy, Inc.,
100 Bronson Avenue, Suite 1001, Ottawa, Ontario KIR 6G8, Canada (613) 236-6265; fax: (613) 235-5876.
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The current model of beta decay is that an inter nucleon neutron spontaneously decays into a proton and an
electron (or beta particle and an anti-electron neutrino, n® ~+ p* +e*+v, ). Aneutrino is a zZero-rest mass spin
1/2 particle which conserves momentumin the decay process. There are many pure beta emitters throughout the
periodic table; Carbon Y'C and deuterium are two examples. Beta particles penetrate substance less deeply than
gamma radiation but are hundreds of times more penetrating than alpha particles. Beta particles can be stopped
by aninch of wood or by a thin sheet of aluminum foil, for example. The energy of most emitted alpha particles
are stopped by a piece of paper and the most energetic gamma rays require a thick piece of lead or concrete.

Electromagnetic radiation emission from atomic processes can be in the x-ray energy range and nuclear in the
x-ray and gamma ray energy range.

Itis believed that all radioactive atomic nuclei decay spontancously without prior cause at a specific and steady
decay rate which differs for each radioactive isotope. Some precise measurements ofhalf lives have been made
which show deviations of the standard type decay curves which appear to depend on non-nuclear variable
conditions in origin and structure.

Past measurements of variations in the decay constant N = N e, with T, = 0.693/A are based on crude
instruments from some 70 years ago. Later, with more sophisticated electrenics, the value of A, of the decay of
Beryllium "Be, was first shown in 1949 to deviate by 0.1% between atomi¢ Be and molecular BeO. In 1965, the
A of Niobium, *Nb, is altered by 4% between the metal and the fluoride form, as discussed by G. Emery. H.C.
Dudley reported on studies that have varied decay characteristics of twelve other radionuclides according to
changes in the energy states of the orbital electrons, by teason of pressure, temperature, electric and magnetic
ficlds, stress in monomolecular layers and other physieal atomic conditions. [ 10]

The alteration of decayrates by non-nuclear processes may not be truly random and would seem torequire anew
theoretical model. As these decays occur, thetérmmuclear may need to be expanded to include reactions and
processes involving the entire atom and’cvenimulti-atom crystal matrix forms rather than just mass-energy
changes in only the nucleus. [19, 22, 23]

OBSERVED DEVIATIONS FROM ACCEPTED DECAY LAWS

Not too well known is a quiteprodigious body of work on the persistent effects of chemical states and physical
environment on the deviation friom the accepted decay law of nuclear decay rates. Theoretical as well as
experimental rescarch hasbeen conducted. |7, 8,10, 12, 13, 23, 28] In 1947, R. Daudel and E. Segre predicted
that under certain conditions a dependence of the decay constant on the chemical and physical environment of
the nucleus should be observable; subsequent to these predictions such a dependence was experimentally
observed (with R.F. Leinzinger and C. Wiegand) in the K capture decay of "Be and the internal conversion
decay of the 99m isomeric state of Technetium.

During the decay process, the chemical environment of the nucleus is changed, thus altering the decay constant.
R. Daudel pointed out that the isomeric decay constant of the 2-keV isomeric state transition in the Technetium
isotope, #™T¢, arose froma change in the electron density nearthe nucleus. J.C. Slater suggested that the faster
decay rate observedfor the RTcO, compound form is due to a greater squeezing of the Tc atoms with the metal
Te-Te bond distance of 2.7 A. Note that the symbol A refers to the distance measure of one Angstrom which
equals 10 cm.

A good example of the effect of a chemical change in the nuclear environment during radioactive decay is for
the intensity change of the 122-keV E2 gamma ray observed forthe **®Nb isomeric state of Niobium. This effect
on the decay rate for the 21-second transition was an order of magnitude greater and in the opposite direction
than observed in *"Tc and was achieved at Lawrence Berkeley Laboratory by J.O. Rasmussen and his
colleagues, J. A. Cooper and .J. M. Hollander in 1965. [27]
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In 1975, Elizabeth A. Rauscher lengthened beta emissions for 2Si simply by surrounding it with specifically
designed matrix material, thereby lengthening the decay rate by about 6% with only 15 minute exposure,
demonstrating the impact of environmental conditions on radionuclides.

NATURAL TRANSMUTATION

Natural, low-energy transmutation phenomena have been observed for centuries. In 1799, the French chemist,
Nicolas Louis Vauquelin noted that hens could excrete 500% more lime that they take in as food, suggesting
a creation —transmutation of Calcium Carbonate. Scientific literature notes many similar phenomena that occur
in vegetation processes of plants as well where new elements and minerals inexplicably emerge. Nobel Nominee
Prof. Louis Kervran replicated these numerous findings and advanced very far the understanding of natural,
non-radioactive transmutations, acquiring in this pursuit a term for such transmutations, Kervran reaction, while
engendering solid physics support from the Institut de Physique Theorique HenrisPoincare physicist, Olivier
Costa de Beauregard. He stated in 1974 that the theory of weak neutral currents accounts for the transmutations
observed, with due respect for the physical laws of conservation. [9, 14, 15, 16] /The theory of neutral currents
gave its authors, Sheldon Glashow Abdus Salam and Steven Weinberg the Nobel Prize for Physics in 1979. De
Beauregard proposed the following equations for biological transmugation:

Table 1. The Olivier Costa de Beauregard equations for biochemical trangmutation

n—+p+e+uf (1)
ptvephyv (2)
D« P V¥ Y (3)

These equations imply the conversion of aneutron (n)to a proton (p) by virtual exchange processes -- the neutral
currents of Weinberg. These processes produce protons (p and p') of different energy levels and two neutrinos
(v and v') of different energy levels. v répresents the antineutrino and e the electron. In one state the proton will
be bound to an atomic nucleus, and in the other state, it will be relatively free in a chemical binding.

IN VITRO TRANSMUTATION,

Physicist Dr. Andrija Puharich=was able to observe and photograph Kervran reactions in vifro by using a
high-power dark-field microscope which was developed by the Canadian scientist, Gaston Naessens. Kervran
reactions were documented by him to include the oxygen atom entering into a virtual nuclear reaction with p or
n toyield N or'®T, by using an electrolytic process similarto that of Prof. Yull Brown, as disclosed by Puharich
in his U.S. Patent 4,394,230, "Mecthod and apparatus for splitting water molecules.” [20, 21]

There exists as well the phenomenon of transmutative "digestion." L. Magos and T.W. Clarkson of the British
Research Council Carshalton Laboratories noted disintegration of the radioactive isotope **Hg ingested by rats,
a volatilization which they ultimately attributed to such bacteria as Klebsiella aerogenes. [17]

COLD-FUSION EXAMPLES

On June 19, 1995, Texas A&M University hosted a low-energy transmutation Conference, sponsored by the
"father of clectrochemistry," Professor Dr. John O'M. Bockris. Some of the papers which were presented noted
anomalies in the formation of new elements in cathodes - definitely notsourced from contamination - which were
involved in cold-fusion experiments. For example: Drs. T. Ohmori and Reiko Notoya, both of Hokkaido
University, reported Iron formation in Gold and Palladium cathodes, Potassium changing into Calcium, Cs!¥
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producing an element of mass 134, and Na® becoming Na?% Dr. John Dash of Portland State University,
reported spots ofsilver, cadmiumand gold protruding in palladium electrodes in both light and heavy water cells;
Dr. Robert Bush of California Polytechnic, Pomona, reported strontium on the surface of nickel cathodes.

LOW-TEMPERATURE TRANSMUTATION

Very pertinent is the long-term research by Dr. Georgiy S. Rabzi of the Ukrainian International Academy of
Original Idcas who reported his analyses of the mechanism of low-temperature transmutation, which he has
conducted since 1954. He passed out samples to attendees: a steel nut which acquired the color of copper and
was reduced in size; magnetic stainless steel turned non-magnetic, asbestos which became like ceramic. No

radioactivity had been observed in any of his experiments and he is convinced that radioactive wastes can be
stabilized. [18]

These observations, originating from various domains of scientific rescarch form+a solid case of low level
advanced transmutation -- with minuscule power and signal strength and sometimes without any, i.c. in nature
alone.

ADVANCED TRANSMUTATION: DISPOSING OF NUCLEAR WASTE

Experimental results obtained by advanced transmutation have direct bearing on the problem of disposal of
nuclear wastes.

The first relies on the interaction of nuclear wastes with.ionic hydrogen andionic oxygen gas known as Brown's
(Gas. Brown's Gas has been developed by a Bulgarian-born Australian national, Prof. Yull Brown. Inhis process,
water is separated into its two constituents, hydregenand oxygen in a way that allows them to be mixed under
pressure and then burned simultancouslyand safely ina 2:1 proportion. The proprietary process results in a gas
containing ionic hydrogen and oxygen in the required proportions which can be generated economically and
safely and be compressed up to 100 psi. [2,:5, 6]

Brown's Gas is a "cornerstone of"a.technological edifice” with many commercial and industrial applications.

At this time, Brown's (Gas generators are mass produced in the Bautou, a major research city in the People's
Republic of Chinaby the huge NORINCO factory which also manufacturers locomotives and ordinances - and
services the nation's nuclear industry complex. Most of these generators (producing up to 4,000 liters/hour/2.4
liters of water at 0.45MPa with powerrequirements ranging from 0.66 kW up to 13.2 kW) are marketed for their
superior welding and brazing qualities, costing between $2,000 and $17,000. Some units have been used for the
decontamination of radioactive materials since 1991. Brown's Gas generators produce between 300 and 340
liters of Brown's Gas per 1 kW energy DC current approximately and one liter of water produces about 1,866.6
liters of gas. A generator which produces 10,000 liters per hour has been built specifically for the reduction of
nuclear waste. Prof. Brown first successfully de-radicactivated radionuclides of Cobalt 60 in his laboratory in
Sydney, Australia with initial experimental results of about 50%. [28]

On August 24, 1991, Baotou’s Nuclear Institute #202 released a report, The results of experiments to dispose
of radiation materials by Brown's Gas which establishes that experimentation on Cobalt 60 radiation source
decreased radiation by about 30% or half-life of radiation. [4] Sometimes more radiation is decrcased, a fact
which requires further investigation of the possibilities for decreasing more of the radiation by treatments of
single exposures to Brown's Gas flame, /asting only afew minutes, as inthe samples describedin the tablebelow.
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Table 2. De-radioactivation of Cobalt 60 by exposure to Brown's Gas flame for less than 10 minutes. 1991
experiments conducted by Baotou Nuclear Institute #220, People's Republic of China.

First Experiment Second experiment
Original
Source Intensity 580 millirads/hour 115-120 millirads/hour
After Treatment 220/240 millirads/hour 42 millirads/hour

In another test conducted by Yull Brown before a public audience including U.S. Congressman Hon. Berkeley
Bedell with committee responsibilities in this area of concern, the experiment ran as follows as reported by the
press:

Using a slice of radioactive Americium ... Brown melted it together on a brick with'small chunks of steel and
Aluminum... After a couple of minutes under the flame, the molten metals sentup.an instant flash in what Brown
says is the reaction that destroys the radioactivity. Before the heating and. mixing with the other metals, the
Americium, made by the decay of an isotope of Plutonium, registéred. 16,000 cunes per minute of radiation.
Measured afterward by the [Geiger Counter/, the mass of metals read less than 100 counts per minute, about
the same as the background radiation in the laboratory where Brown'was working. [4]

This experiment indicated a reduction of radiation in the otderof over 99% (to about 0.00625 of original level)
--in lessthan 5 minutes, with minimal handling. The improvement in the de-radioactivation process from about
50% to nearly 100% has come only with persistent research over the decades by Brown and his colleagues. The
Brown's Gas generating units that produced such(effects are not expensive -- a far cry from the multi-million
processes tabled by atomic energy agencies worldwide. They are powered by low energy requirements and
require only small volumes of water, at mosta few liters per hour as fuel. Furthermore, the training required for
operation is minimal.

The Hon. Bedell has reported, "it has been my good pleasure to witness experiments done by Prof. Yull Brown
in which it appeared to me that hesignificantly reduced the radioactivity in several nuclear materials. Under the
circumstances, I believe it is very important for our federal government to
completely investigate Dr. Yull Brown's accomplishments in this arca." [11]

On August 6, 1992, almost a year after the Chinese nuclear report, Prof. Yull
Brown made a special demonstration to a team of 5 San Francisco field office
observers from the United States Department of Energy, at the request of
the Hon. Berkeley Bedell. Cobalt 60 was treated and resulted in a drop of
Geiger readings from 1,000 counts to 40 -- resulting in radioactive waste
residue of about 0.04 of the original level. Apprehensive that somehow the
radioactivity might have been dispersed into the ambient environment, the
official requested the California Department of Health Services to inspect
Fi. 1. A Brown's Gas generator the pr.emises. The health sewices crew found no radioactivity in‘ the air
manufactured in the People's resulting from this demonstration nor from another repeat demonstration held
Republic of China by NORINCO for their benefit. [11] This sequence of experiments was monitored by the

Hon. Daniel Haley, the legislator who established the forerunner New York
State Energy Research and Development Agency.

Other demonstrations, measured with under more sophisticated protocol and instrumentation have been
conducted before Japanese nuclear experts, including four scientists from Toshiba and Mitsui: Cobalt 60 of
24,000 mR/hr reduced with one treatment to 12,000 mR/hr. The Japanese scientists were so excited by what they
saw that they
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immediately purchased a generator and air shipped it to Japan. They sent Prof. Brown a confidential report of
some of their results. Subsequently, they tried to obtain additional Brown's (Gas generators directly from the
People's Republic of China.

Prof. Brown, during his 27 years of studying water and its atomic structure and experimenting with the
disassociation of waterinto its constituent parts of hydrogen and oxygen has noted that there are many variations
of the atomic structures of the various waters dependent on the mixing of the three hydrogen isotopes ("H -
protium, 'H? - deuterium, 'H? - tritium) which combine into 6 combinations of hydrogen and the 6 oxygen
isotopes GO, 301, 8015 30, 30, and %0O') —or practically, 36types of water— 18 are stable and 18 have short
life. Accordingly, because of all of these types of water, there could be 36 types of Brown's Gas, and even more
with special modifications of the gas; at the moment only a few are under investigation. His studies have led to
the observation that the anomalous behavior of water depends on the ability of water to modify energetics and
physicochemical properties of the various permutations of the hydrogen/oxygen isetopes. As is known the
lifetime, modes of decay, and thermal neutron capture cross-sections vary significantlybetween these isotopes;
likewise, Brown has scen the various stages of his gas offer very different-effects. He has found that he can
modulate a number of suitable mixes for his technology, thus providing an‘enginecering tool in decontamination
of nuclear wastes [2].

INTERACTION WITH NON-HERTZIAN ENERGY

In the 1960's, the Canadian engineer, Wilbert Brockhouse Smith, a major player in advancing the technical
aspects of radio and television broadcasting in Canada began experimenting with Caduceus coils and noted that
this counter-winding set-up producedanomalous effects and proposed that other experimenters attempt to follow
this new area of investigation. These coils became popularly known as the "Smith Coils" and he believed that
they were producing, in summation, a "scalar” fiéld ==a non-Hertzian phenomenon. It is now known that similar
non-Hertzian phenomena may also be ebtained by mobius, and bi-filar coils which oppose their altemating
currents by virtue of their unique geometry. The resultant of all clectromagnetic energy is to sum to zero in
accordance with Newton's third law, thercby orthorotating the zero-point-energy into our 3-space. [26]

A recent investigation by Dr. Glen.Rein and T.A. Gagnon, assisted by Prof. Elizabeth A. Rauscher (Nuclcar
Physics, University of Califomia, Berkeley and with Lawrence Berkeley Laboratory, William Van Bise — and
with some support by. Professor Emeritus (Material Sciences) William A. Tiller of Stanford University —
involved a modified Caduceus coil. [24, 26]

The 8.2 ohms coil indicated no electromagnetic fields even though powered with only 3 mA, 5 watt
amplifier/mixer. Yet, the ficld from this sct-up was able to decrease ambient radioactivity associated with
environmental isotopes from 0.5 mR/hour to 0.0015 mR/hr-- or by 97%. In contrast, Cobalt 60 increased its
radioactivity from 150 to 250 mR/hour, in response to the non-Hertzian energy. Thus the same non-Hertzian
cnergy ficld produced opposite effects on different radioactive isotopes. [26]

This type of experiment, which may have been highly dependent on the a mix of waveform signaling, involving
superimposition of square waves containing specific repetition rates developed by Dynamic Engineering of

Sacramento, Califomia, indicates that rescarch and development can determine the fine-tuning of special
non-Hertzian procedures for the transmutation of specific isotopes.

Another non-Hertzian approach to advanced transmutation has been hypothesized by the nuclear scientist, Tom
E. Bearden and involves the use of " Whittaker scalar interferometry” directedin such away asto directly extract
electromagnetic energy from the mass of the radioactive nuclei. [3]
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In this system, the fundamental nuclear rates would be altered by way of "de-materializing" nuclei into
constituent hidden (scalar) electromagnetic Whittaker energy. E.T. Whittaker was a prominent British
mathematician who published two papers of interest in this matter: 1) a general analysis of force fields into
constituent fields -- differentiated into "undulatory"”, wave-disturbance propagation, longitudinal in character:
and 2) an analysis of electrons as being characterized by two scalar potential functions. [29, 30] His work
successfully pre-dates the experimental work of Y. Aharanov and D. Bohm who demonstrated that in the total
absence of electromagnetic force ficlds, the potentials remain and can interfere at a distance to produce real
effects of charged particle systems. Force fields are actually effects generated from potentials. [1]

Fig. 2 shows the conceptual use of a Whittaker
Interferometer in the endothermic (energy
extraction, electrostatic cooling) mode, foruse in
direct extraction of the“electromagnetic energy
constituting the/radioactive nucleus.

Scalar

Z‘RCVR / XMTR

By exposing the atomic nucleus to an externally
Target engineered Whittaker-structured potential witha
Extraction  d¢temministic internal electromagnetic wave
Zone patterny the internal structure of the mass
potential may be slowly altered, changing the
targeted atomic nucleus by gradually inducing a
direct alteration of its internal Whittaker
electromagnetic bi-wave composition.

Negative
Bias

A process based on this hypothesis remains
Negalig proprietary, pending patent application.

Heat Accumuliator
Bias

Scalar

RCVR/XMTR

Fig. 2. Whittaker interferometer in éndothermic mode for energy
extraction from the mass potential of radioactive nuclei.
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LOW ENERGY NUCLEAR REACTIONS: EXPERIMENTAL EVIDENCE FOR
THE ALPHA EXTENDED MODEL OF THE ATOM

Roberto A. Monti

SUMMARY

An up-to-date list of experimental tests constituting, in my opinion, a good validation for the alpha-extended
model of the atom, is presented.

INTRODUCTION

In order to explain the experimental results of L. Kervran [1], in 1988 a new model of the atom was devised,
characterized by the following features: 1) substantial asymmetry of the Coulomb clectric and magnetic fields
of electrons and protons; 2) existence of positions of stable electromagnetic equilibrium of electrons in the
vicinity of nuclei; 3) the neutron is a particular "bound state™ of a proton and an electron; 4) the nuclei are
composite structures of hydrogen atoms of period 4 (alpha-extended model [2,5]); 5) physical and chemical
properties of each atom depend on the various possiblg isomeric configurations.

In light of this new model, the periodic table of the elements has been reconstructed [2]. This model proveditsell
very useful not only in order to understand Kervran's-low energy nuclear reactions but alsoto explain, in 1989,
the "cold fusion" phenomena claimed by Fleisehmann and Pons [3]. In 1990 a list of experimental tests was
made of the Alpha-extended model of theatom [4]. These tests, repeated and extended, constitute now, in the
author's opinion, a good validation for the Alpha-extended model.

The reconstruction of thePeriodic: Table of the Elements according tothe Alpha-extended model of the atom is
very simple (Fig. 2, Fig. 3, Fig.+4).

The horizontal view of Fig. 1 shows clearly that the nuclei are periodic structures of period4. The vertical view
{Mendeleff order, in which only the two most abundant isotopes arc listed) suggests immediately the "composite

structures” of the nuclei.

Example: n - 400 Reactions.

GroupT A.
71i (6 +T)
| + 4
B Na (50 +T)
| + 4
g d (9c +T)
|l +3- 40
¥ Rb (18 + 3, +T)) (4.8 109y)
| +3- 40

135 Cs (276 + 600, +T,) (3 10°y)
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Group O (Noble Gases).
1, He (a)
| + 4
# Ne (5%)
| + dee
3 GAr {9cx)
I+3- 40t
8436Kr (18& + 3&0)
| +3 - dex

B Xe (27ot+60,)

2) Neutron synthesis and &, group. .
Neutron synthesis- which isthe first step in atom building- was achieved by Borghi, starting from a cold plasma
of protons and electrons [3].

The following steps: synthesis of Deuterium (D), Tritium (T, ), He3 (T,), Helium 4{ct) and experimental evidence
for the 4-neutron (¢ ) group were already well documented in the scientifie literature. As well as the production
and decay of the nuclei from 11 o tol 8¢ and the "New Radioactivities" (reversible transition): [4]

.
Oy

3) Experimental evidence for low energy nuclear reactions: Nucleus + n - 30 Nucleus + n * 4C.
At the end of 1989 I could get information aboutsthe reactionss Nucleus + n3; Nudeus + n 4o, which

confirmed the reality of the "composite structure” of the nuclei [4]. The nuclear reactions indicated were the
following: 2(C + 0} -~ Fe; Na+ O - Ki

The first could be very easily reproduced. Consequently I tested it following methods 2 and 3. The report
handed to me daimed the prochiction, with the same methods, of 35 different elements. Inoticed that all the
stable isotopes of Si and Fe couldbe considered "composite structures” of C and O [4].

4) Further experimental evidence for the reactions: Nucleus +n * 3% and Nucleus + n " 40

a) Experiments at B.AR.C.

In 19911 gave alecture at B.AR.C. on low energy nuclear reactions. One year later M. Srinivasan gave me a
preprint showing experimental evidence forthereactions: C+N—-Al, C+0-8i; 2(C+N)~-Cr; 2(C+)
- Fe; 2{C +0) - Ni [6].

b) Experiments at Texas A&M.
Immediately after this positive result Sundaresan and Bockris repeated test 2 [4], showing once more
experimental evidence for the reaction: 2{ C+ O} = Fe [7].

4) Experiments by Champion and co-workers.
In 1992 linformed J. Champion about the experimental tests of Oshawa and I showed him how to use my
Periodic Table of the Elements. Champion and co-workers repeated later (1994) method 3 [4], with the

following results [8]:

a) Carbon - Iron - Carbon arc.
New elements produced: Zr, Mo, Ru, Ba, Sm, Yb, Hf, Os.

b} Carbon - Nickel - Carbon arc.
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New elements produced: Mo, Ru, Pd, Ce, Ba, Nd, Sm, Hf, W, Os, Pt.

¢) Carbon - Copper - Carbon arc.
New elements produced: Rh, Pd, Ag, Nd, Eu, W, Re, Ir, Pt, Au.

5) Cold fission.
The low energy nuclear reactions listed by Kervran were all reversible, in accordance with the Alpha-extended
model.

I summarized all the biological low energy nuclear reactions indicated, together with a peculiar low energy

nuclear reaction: the half-fission : **, Pb~ 2'% . Rh, obtained by electromagnetic excitation of the lead nuclei.

Moreover "old" and "new" radioactivities showed a very good experimental ¢vidence for "spontancous cold
fissions” followed by the transition:

6) Low energy nuclear fission of stable isotopes.
a) Experiments at Texas A&M and Engelhard laboratories.

to witness experimental tests suggested
by I. Champion. The first of these tests
told me immediately what was going on:
I had already seen it in a drawing made
500 vears before (Fig.1).

The same experiment, repeated at
Engelhard Laboratories, showed
conclusively the reactions:

197 B~ 197
zsoéHg - a—’“tpl —_— 79AU

‘Pag - o —>'%Rb Ly 3R

That is: the possibility to cause a decay
of stable isotopes by means of
"ordinary" chemical reactions [9].

b) Experiments by Champion and

coworkers.

In 1995 J. Championnoticed that one of his "Hg cells”, designed to make Platinum by electromagnetic excitation,
was producing Ru at a rate 10 times bigger than that of Pt, giving further confirmation of the reality of the half-
fission nuclearreactions indicated by Kervran [10]. It is easy, in fact, to notice that the half-fission of: ¢, Hg,

0 He, " Hg, o He, *Hg, results in: ™, Ru, **, Ru, ", Ru, ', Ru, '*,,Ru.
The two remaining isotopes of Hg: 199 and 201, by the induction of an ¢ decay, produce Pt and Au.
7) Low energy nuclear reactions of unstable isotopes.

The possibility to causenuclear fission of stable isotopes by "ordinary" chemical reactions suggests immediately
the possibility to cause the fission of unstable isotopes.
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A series of experimental tests made in'93, '94, '95, '96, gave me veryuseful information[11]. Inadditionto what
I have shown last year [12], I can say that the amount of thorium oxide in the "Thorium ash" was 78%.
Consequently the "missing Thorium" after the reaction is = 70%. Today (September 1996) I am waiting for
definitive results from two National L aboratories.

8) Reactions Hg - Na.
In 1995 J. Champion showed in Colorado Springs (13) the possibility to obtain the following reactions:

198 23 197 24
1%%'[—1 g+ %?N Ayl gg Pt + 31’-;" Al simply making an amalgam of mercury and sodium.

Irepeated the same test after a few monthsina condition of "sodium
excess". The result was the production of the following elements: Si, K, Ca¢Fe, Ti, Cr, Cu. The Periodic
Table suggests immediately further tests of this kind (reactions:Hg - Li , Hg=K{Hg -Rb , Hg - Cs ), which can
be easily performed.

9) "Cold fusion" in metal lattices.
When Fleischmann and Pons published their experimental results about the "cold fusion"” D + D in Palladium
lattices [3] I had already published (in Italian) my new model of the atom and the Periodic Table [14].

Consequently it was easy, forme, tounderstand what hadreally happened and where Fleischmann and Pons were
wrong. Iexplained these facts for the first time in the Erice conference {Italy, Spring 1989). In 1991 I gave the
following written explanation at the Second ICCE (€omo, Ttaly) (4):

a) Pd does not only act as a catalvst of the D= D reactions.

b) Asa consequence ofthe nuclear reactions among Pd and LiOD The Palladium was "burning" like a

match forming, at least within athin layer, a plethora of new nuclei.

In order tolimit the nuclear reactions I.suggested to use monoisotopic electrodes and to analyze the atomic and
isotopic composition ofthe electrodes before and after the reactions. In 1996 Mizuno et al. made this test, with
the following results: Within athin layer of Imicron they found: Cr, Fe, Cu, Pt, Ca, Ti, Mn, Co, Zn, Cd, Sn,
Pb, Ga, As, Br, Sb, Te, I, Xe, Hf Re, and Ir [15].

A similar test was made by Bockris and Minevskii, with the following results: Within a layer of lmicron they
found: Mg(6.7%), Si (10.2%), C1(3.0%), K(1.1%), Ca(19.9%), Ti(1.6%), Fe(10.5%), Cu(1.9%), Zn(4.2%),
Pd(31.9%), Ag(1.9%), Pt(7.1%) [15]. The starting concentration of palladium was: 99.8%.

The various different reactions can be singled out using the Periodic Table and finding the exact isotopic
composition of each new element.

10) Isomeric configurations of the atoms.
The Alpha-extended model allows each atom to "keep in storage" within its "rigid" tridimensional structure the
"information"” which determines its physical and chemical behavior.

In 1991 I suggested that the two allotropic forms of the Carbon atom (diamond and graphite) were a good
example of this kind and that this example should be: "only the first of along series. This opinion has recently
been confirmed by the experimental results of SK. Dixit. In the Rasasastra Department (Alchemy) of the
Banaras Indu University it is normal practice to obtain different isomeric configurationsof atoms and molecules,
characterized by different physical and chemical properties, from the most'common’ configurations. The same
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atom or molecule is given a specific name according to the various isomeric configurations which prove useful
in the medical field” [4].

A few months later (October 1991) I could get information about the discovery of a third isomeric configuration
of the Carbon atom: fullerenes, obtained by arcing Carbon in a Helium atmosphere [16].

Finally, in 1993, I was informed by D. Hudson about the discovery of new, peculiar, isomeric configurations of
monoatomic transition elements, which he called O.R.M.E.S. (Orbitally Rearranged Monoatomic ElementsS)
[17]. These isomeric configurations are well known in Alchemic literature [18]. But, according to the Alpha-
extended model of the atom (no "orbits"), the "right" name for these isomeric configurations should be:
E.R.M.E.S. (Electronically Rearranged Monoatomic FlementS).

CONCLUSIONS

The experimental evidence listed above constitutes, in my opinion, a good-walidation for the Alpha-extended
model of the atom.
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PERIODIC TABLE

Colors:

Yellow = Maximum abundance
Orange = 2nd by abundance

Green = Stable Isotope

Light Blue = Unstable. t,,, > 1 year
Pink = Unstable. t;, < 1 year
Constants

1 Mev =1,0735355 107 um.a.

1 um.a. = 931,501567 Mev = 1,6605655 10 Kg
Elementary Constituents,

¢ = electron; m. =0,51100337 Mev.

p = proton; m, = 938.27961 Mev.

P = Protium (p + ¢); m, = 938.790601 Mev.

v Ak o

P, = neutron (pe) =n; m_= 939.57304 Mev.

D = Deuterium; my, = 1876,138974 Mevi

Dy =n+p(k)e = (2n); mp, = 1876,138974%0,782439 = 1876,921413 Mev.

T, = Tritium; my = 2809454646 Mev,

T, = Helium 3; m-r2 = 2809.436021 Mev.

T, = (3n); my = 2810,237085 Mev.

o = Alpha; pm,= 3728.431208 Mev.

o, = Alpha-zero (4n); My, = 3729.996085 Mev.

Elements and their Mass (in Mev.) (14)

m, = mass of the element of mass numver A; m, = A + A; A = mass excess

u,m, a

o= (pe) = (p) + (e) + 0,78242663 Mev. = 939,57304 Mev.

JH=(p+e)=P=1+A =931,501567 + 7,289034 = 938,790601 Mev.
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GAMOW FACTOR CANCELLATION AND NUCLEAR PHYSICS MECHANISMS
FOR ANOMALOUS LOW-ENERGY NUCLEAR REACTIONS

Yeong E. Kim and Alexander L. Zubarev *

ABSTRACT

Possible nuclear physics mechanisms are proposed for explaining anomalous effects recently observed inlow-
energy nuclear reactions. It is recently shown that a near cancellation of the Gamow factor at low energies can
occur if one of the final-state nuclei has a weakly bound ("halo") excited state. »Another mechanism for the
Gamow factor cancellation is a continuum-clectron shielding of nuclear charge by a dense clectron plasma. If
the Gamow factor cancellation occurs, it can lead to alarge enhancementof reaction rates and probabilities for
anomalous nuclear fusion reaction and nuclear fission, and may previde nuclear physics mechanisms for
cxplaining the anomalous effects observed in low-cnergy nuclear reactions. Several specific cases of the
anomalous effects are discussedin terms of nuclear physics mechanisms, and cluster-impact nuclear reactions.

INTRODUCTION

Since the 1989 announcements of "cold fusion” phenomena[1,2], there have been persistent claims of observing
the cold fusion phenomena, and hundreds of experimental papers have been published [3-5]. Most of the
reported experimental results are not reproduciblerat a desirable level of 100%. However, there are a fow
experimental results which appear to be'100%. reproducible [5]. Most recently, observations of low-energy
nuclear transmutation have beenreported fromeelectrolysis experiments using heavy water and also using water
[6-13].

There have been many theoretical. models proposed to explain the cold fusion phenomena. Most of those
theoretical models claiming to have explained the phenomena appear far fromhaving accomplished their claims
[14,15]. Recently, we developeda new alternative theoretical formulation of low-energy nuclear fusionreactions
based onthe optical theorem [16-18], which is much less model-dependent than previous theoretical approaches,
and showed that some of the cold fusion phenomena may be justified theoretically, since a Gamow factor
cancellation (GFC) can occur if the imaginary part of the effective nuclear interaction in the elastic channel
(ENIEC) has a very weak component with afinite long range (FLR). However, we could not prove nor rule out
theoretically the existence of such a FLR component in the imaginary part of ENIEC. In another recent paper
[19], we demonstrated (without a rigorous derivation) a possibility of the existence of FLR components if the
target nucleus has a weakly bound excited state ("halo" nuclear state). In the most recent paper, we have
obtained a rigorous derivation [20] of anew type of FLR interaction in the imaginary party of ENIEC for the case
in which one of the final-state nuclei has an excited halo nuclear state.

Another mechanism for GFC is a continuum-electron shielding (CES) of nuclear charge by a dense electron
plasma such as one observed in ultra-short-time discharge plasma experiments by Shoulders et al. [21,22].

If GFC occurs, theoretical opposition based on the Gamow factor to the cold fusion [3-5] and low-energy nuclear
transmutation [6-13] phenomena may be premature, since it can enhance reaction rates and probabilities for
nuclear fusion reaction and nuclear fission, which may provide theoretical explanations of the observed

2 Department of Physics, Purdue University, West Lafayette, IN 47906.



146 Journal of New Energy

anomalous effects based on nuclear physics mechanisms. Several specific cases of the observed anomalous
effects including recent observations of nuclear transmutation [6-13] are discussed in terms of nuclear physics
mechanisms.

2. UNCERTAINTIES OF LOW-ENERGY NUCLEAR REACTION RATES

Nuclear reaction rates and cross-section O(E)at low energies ( £ afewkeV) are not well determined, since O(E)
at low energics, relevant to the cold fusion phenomena and also relevant to the primordial and stellar
nucleosynthesis, cannot be measured in the laboratory. They are extracted from the laboratory measurements
of o(E) at higher energics by an extrapolation procedure based on nuclear theory [17,18]. Historically, both
experimental and theoretical investigations of low-energy (£ 1 keV)nuclear reactions were by-passed and have
been neglected by nuclear physics community in favor of investigating nuclear physics phenomena at much
higher energies. Therefore, itis now important to turn our attention and efforts to investigating these neglected
and unexplored new nuclear physics frontier.

For non-resonance reactions, it is customary to extract the S-factor, S(E), from the experimentally measuredo(E)
using the following semi-classical formula,

06 (E) = %e -2 @) 1)

where n (E) = Z,.Zl.e2 Inu, @ 2"E jig the Gamow factor representing the probability of bringing two charged
nuclei to zero separation distance, and S(E) is expectedto be a slowly varying function of E. The energy
dependence of the nuclear reaction cross-section G(E) cannot be obtained rigorously from first principles.
Therefore, one mustrely on physically reasonablenuclear reactionmodels, such as Eq. (1), or phenomenological
microscopic models, which may not be reliable nor‘accurate at low energics for some cases.

For the ambient temperaturc of E=k'T 51/40 ¢V, the Gamow factorin Eq. (1) has an astronomically small value
of e72"® % 10-2% for two deuterons: Even with the electron screening energy of E, = 43.4 ¢V based on
Thomas-Fermi model, the Gamow faétor has a verysmall value of @ 2"®& = 107% while the claimed observed
fusion rates lead to ~ 10° [1] and ~ 1¥*° [2]. This extremely small value of & ~2""® = 1075 has been one of
the main reasons for theoretical opposition [14] and nuclear physics community's rejection of both the cold fusion
[3-5] and low-energy transmutation phenomena [6-13].

3. OPTICAL THEOREM FORMULATION

The conventional optical theorem first introduced by Feenberg [23] is given by

o, - 47" Imf(0) (2)

where 0, is the total cross-section and £ (0) is the elastic scattering amplitude in forward direction (0 = 0).

To avoid complications associated with the singularity of the forward Coulomb scattering amplitude when we
usc the conventionoptical theorem, givenby Eq. (2), for scattering of two chargednuclei, we describe a different
formulation based on "partial-wave" optical theorem involving angle-integrated and/or angle-independent
quantities in the following [16-19].

For the elastic scattering involving the Coulomb interaction and nuclear potential, the scattering amplitude can
be written as a sum of two amplitudes:
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£(8) =f°(8) + f(B), )

where £ (0) is the Coulomb amplitude and (0) is the remainder. 7 (8) can be expanded in partial waves [18]
as

F(8) =3, 20+ 1)e2™ " P (cos 8), (4)

where §,°is the Coulomb phase shif, fEN(“) = (S‘,N -1}/2ik, and S} is the (-th partial wave S-matrix for the
nuclear part. Using Eq. (3) and Eq. (4), the integrated elastic cross section 0% can be written as

OQE(E ) = 0c+ Oinr+ O.N(aﬂ , (5)
where 0°is the pure Coulomb cross section (Rutherford scattering), 6™ is th&interference term, and 6™# is the

nuclear elastic cross section. The partial wave expansion of 0~® js given by oNeb = Z,(20+ 1)0?’““ with

o0 . L sV qp2,
k2

For the reaction cross section 0, the partial wave| expansion is given by o%= Z,(20+ 1)05') where
al’ =m(1-|8,YP) k2. Using the expressions of 0,%and 0,%" derived above, we can write 0f” + 0,7 = 271

- ReS{)/K. Combining this with Imf § = (1-'ReS{)/2k , we obtain the partial wave optical theorem for
two-potential scattering casc as

ime0 - K (g0, g0 6
g an (o y ) (6)
which is a rigorous result.

Forlow energies, £ = @ 27/ K andhence 0] ™ = 411 | £ « £ 471/ k2, Since 0! < @ 2"/ k2 wehave 640 > of'*?

atlow energics and hence we can write Eq. (6) as
ImEM < % ol )

which is still a rigorous result at low-cnergics. We note that Eqgs. (6) and (7) arc for non-radiative nuclear
reactions and need to be modified for radiative nuclear reactions.

In terms of the partial wave T-matrix, 'T;, the clastic nuclear scattering amplitude, f;NM) = (SEN - 1)/2iK, can be

written as
. 2
FE) = - Sz (Wi TIeD ®)

where I is the J-th partial wave regular Coulomb function and Ll is the reduced mass. Using the low-energy
optical theorem Eq. (7) with Eq. (8), we obtain the (-th partial-wave reaction cross section G,(E) (= Og') (E)) as

0,(E) = 3 [ Wi Uy(r, r) w§ ( crar’ ©)
1]
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where £ = FE/2 i and Uy(r, #) = - Im {r /T g/?"’ Jwith T, representing the J-th partial wave contribution of the
T-matrix operator. The total reaction cross-section G(E) is given by g, (E) = %,(2, + 1) g, (E).

4. REACTION CROSS SECTION FORMULA
It is recently shown [16, 18, 19] that /m {r [Tofr') = (- Ug(r, #'))is separable for the § = 0 two-channel case, and
hence U (r, r') in Eq. (9) is also separable for the case of two-channels (elastic and fusion). Therefore, to

estimate the S-wave cross section G, (E) for the two-channel case, we can parameterize U, (7, #’ ) in Eq.(9) by
two parameters A (strength/length) and [3* (range) in a separable form as

Upr.r) = Ag () g(r') (10)
where [37 is a potential range parameter for g (r) and A =V, [3 / (V, > 0). A is expected to be a slowly varying
function of energy for the non-resonance case. (For the case of resonance reactions, the energy dependence of

A can be parameterized by the Breit-Wigner expression).

For = 0 case, Coulomb wave function ¥y () is given by
Wo( = Co(nIM,, . (27kn)/ 21 (11)

where Cn (N =2nn/{®*™"-1)and M %(2:kr) is the Whittaker function. The reaction cross section given
by Eq. (9), in the case of g(#) = " /r, can be written as

0o(E) = 22 | f w0 2o ST iy L fM,nx(mr)—drF (12)

The integral in Eq. (12) can be evaluated exactly

2
41A -Br _ 4AT (9 2¢|'I_1)
00(E) = T fdrluu(r)e Bl o= = (em_” (13)
with
g4bn - exp{4q I']h_ccz(%)tan_1 (%) (14)

where ¢ = tan (/) and R, = B/(217 7 ¢*). The energy dependence of A is expected to be weak.

The use of more general form for g(r) = (e/r) | ' oC;r ! instead of ¢#/r in Eq. (10) also leads to the same
enhancement factor ¢*". Therefore, the enhancement factor ¢**" is independent of shape of the separable
function g(r) used in Eq. (10). For g(r) = (6P r) Z:-!ncir", we obtain for ,(E) the following

0,(E) = % e%n g-2m (15

where
§,(E) = an2A3,c.c,F} (EYFP (E) (16)
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with F}(E) = Rate 2*"- 1), FME)=R;'(B2+k?) 2, FI(E)=R;*(2R,B+1)/(B2+K2) elc.

2/(Ryp) KRy

The enhancement factor ¢*#is @ at zero energy and decreases as Eincreases to 8"'"Re - 1 for large E, and
thus can account for the increase of experimentally extracted S(E) toward lower energics. The enhancement
factor ¢”® can be applied to both light nuclei reactions (small Z, and Z,) but also to heavy ion reactions (larger
Z_ and Z) such as sub-barrier heavy ion fusion where ¢’ 1 can be very large. The enhancement factor ¢* %7 is
obtained together with the Gamow factor from our derivation and can be regarded as a modification of the
Gamow factor affecting it only at low energics, or as a part of the S-factor if we still wish to keep the
conventional semi-classical formula Eq. (1). The new exponential factor is a quantum effect derived from the
quantum scattering theory, and may provide new physical insights for the low-energy behavior of the reaction
cross-section.

5. EFFECTIVE LONG-RANGE INTERACTION AND GFC

In the limit of B — 0 (a long-range limit), we have ¢ = tan™ (k/B) =.71/2, and hence %" given by Eqgs. (14)
approaches to e’ which can cancel the Gamow factor ¢°™inEq. (15)for @, (E). Therefore, a Gamow factor
cancellation can occur if the interaction range [37 is large (or[3is small). If the imaginary part of the effective
potential or g(#) in Eq. (10) has a form

gry=e MireNePyr a7

with [3 < [3,, the second term could be dominant.overthe first term even if A >> 1. In the limit of 3 —+ 0, ¢ =
tan{(k/B)=T/2and &'®T= ¢?™which can'cancel the Gamow factor ¢?™inTEq. (15). This shows thata Gamow
factor cancellation (GFC) can occur fornuclear fusion reactions if the imaginary part of the effective nuclear
interaction in the clastic channel (ENIEC) has a small component of a finite long-range (FLR) interaction.
Recently, we have obtained a rigorous derivation of a new type of FLR interaction in the imaginary part of
ENIEC for the case in which ongwofthe final-state nuclei has an excited halo nuclear state [20]. The new FLLR
interaction behaves as cos(kyt -in2k, r+ 8) 1, (r)/ r! at large distances, where ky, 1,0, and 1|1, (r) are the final
state wave number, the Sommerfel d parameter, the phase shift, and the wave function for the excited p-wave halo
nuclear state, respectively.

This demonstrates that we cannot rule out theoretically the GFC effect, and that theoretical opposition based on
Eq. (1) to the cold fusion [3-5] and low-energy nuclear transmutation [6-13] phenomena may be premature.
Therefore, itis important to investigate both theoretically and experimentally the possibility of the existence of
excited halo nuclear states and the finite long range interaction forthe imaginary part of the effective potential.

6. GAMOW FACTOR CANCELLATION WITH CONTINUUM-ELECTRON SHIELDING

Recently , we have suggested a possibility of the GFC due to continuum-electron shielding (CES) [25]. Fora
three-body system (e + p + p) in continuum in which all three particles are mobile, there is a possibility that a
solution of the three-body Schroedinger equation may lead to the GFC if the relative velocity U, between ¢ and
p is smaller than the relative velocity v, between two protons, i.e. U, < U,,. Since L, =(2E, /m)"* and v, =
[2E,,/(m, /2)]*% condition V,, <U,, (0r (U,/V,,) < 1), becomes [m E,, /(2mE )"* <1, or

E, 2
See o SMs _ g2 (18)
Epp m,

for the case of (e + d + d) in continuum, the condition 1 < Uy corresponds to
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E 2m
Zed < Sl 05107 (19)
Ew My

Conditions for (e + p + nucleus) and (e + d + nucleus) systems are

(5 ()
=0 A )lm, 2A
and
E%mz] m, ﬂ(A+2]x10_3 1)
B, A jlm, 4A 5

respectively. The CES condition may be satisfied in a dense eleetron cluster such as one observed by K.
Shoulders [21,22].

Since 1980, K. Shoulders has been investigating dense highly organized micro-size cluster of electrons produced
in ultra-short-time discharge plasma experiments [21,22]. The experimental data indicate the existence of a
plasma state representing a freely moving, localizedpacket of electrons. A short Latin acronym EV (electrum
validum or electromagnetic vortex) has been adopted to describe this collective plasma state of tightly bound
groups of clectrons with extremely high densities. The EV's have been reported to be roughly spherically
symmetric with radii on the order of 1.0 Wm, to travel at speeds on the order of 0.1c (corresponding to the
electron kinetic energy of ~ 2.7 keV), to tend te move for distances of 1.0 to 10.0 mm in straight lines, to deflect
and accelerate with electron characteristics in experiments, and to have high electron densities on the order of
107 to 10™ em” with negligible jon eontent of ~ one ion per 10° electrons.

Shoulders [21] reports the principle requirement for generating these EV structures to be a sudden creation of
a very high, uncompensated set ofelectronic charges in a very small volume of space, 1.e., afast emission process
coupled to a fast switching process. He notes the times of creation to be considerably less than 107 sec. The
actual threshold initiation times for the particle packet are believed to be T ~ 107 sec. The packet then travels
approximately 10°T before it catastrophically decays.

Ziolkowski and Tippett [26] interpret the E'V theoretically as a stable packet of electrons moving collectively
through space-time catalyzed by alocalized electromagnetic wave, which can be attributed to localized wave
(LW) solutions obtained from Klein-Gordon form of Maxwell equations for a joint system of plasma-fluid and
electromagnetic field. Beckmann [27] offers another theoretical interpretation based on oscillating Faraday field

surrounding a moving electron.

It has been determined experimentally [22] that the size of EV structure is a function of the high specific energy
delivered to the metal. This fact has been recently explained by G. Mesyats in his theoretical analysis [28].
Mechanical storage of energy is thought to be the source for the small EVs produced.

The total number of electrons in a 1 hm diameter EV is ~ 10", This allows for inclusion of ~ 10° ions (or nuclei)
which would not be detected in measurements of the charge-to-mass ratio of EV such as time-of-flight
measurement, i.c. clectrons and nuclei in the EV (NEV) would be collectively accelerated to the velocity of
clectrons. This could provide a simple nuclear accelerator for accelerating nuclei. Shoulders et al. [22] have
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proposed this nuclear acceleration mechanism (leading to cluster-impact nuclear reactions) as a possible
explanation of the anomalous nuclear transmutation effect observed by several groups [10-13]. A similar
mechanism of nuclear acceleration has been proposed by Rabinowitz and Worledge [29] who pointed out that
if a small number of deuterons (or other nuclei) become entrained with a high current density of electrons, the
deuterons would attain the same velocity asthe clectrons. Cluster-impactfusion has been previously investigated
both experimentally and theoretically with (1D,0), clusters, which is described in the next section 7. For the
velocity of 0=0.1c¢ forthe NEV, deuterons entrained inthe EV would attain kinetic energy of A V72 = 9.4 MeV
{(or proton kinetic energy of ~ 4.7 MeV or oxygen kinetic energy of ~56.3 MeV). Although these higher energy
deuterons (or protons) can have large reaction cross-sections, the total reaction rates with the EV's containing
~ 10° nuclei per EV are too small for explaining some of the observed reaction rates, unless a substantially large
number of the EV is produced per unit time and additional mechanisms such as shock-wave heating are invoked.

Acceleration process of positive ions at higher energies due to electron plasma was-observed in 1960 [30] in
experiments involving arapid expansion of plasmain a vacuum spark discharge|31.32]. Plyutto et al. obtained
protons with Kinetic energies of 4-5 MeV and carbon ions with kinetic energies of 15-20 MeV, when pulsed
voltages of only 200-300 kV were used for spark discharge. The averagé number of 10"-10" per pulse was
achieved for accelerated protons or deuterons [33].

If the number of nuclei (deuterons, protons, oxygen, and other nucleryimbedded in the EV is of the same order
as that of electrons (10" electrons in L diametersize) in the BV, kinetic energies of electrons and nuclei in the
NEV become much smaller. However a Gamow factor cancellation due to the continuum-electron shielding can
occur if the relative velocities between electrons and nuglei in the NEV are much smaller than the velocity of
the NEV. If such a GFC condition and a high production rate of the NEV are achieved, most of the observed
anomalous effects [3-5,6-13] can be explained by nuclear physics mechanisms.

Once the GFC is achieved in the entrance channel, nuclear reactions can proceed cither via the direct reaction
mechanism (i.e. fusion) or via the compound nucleus mechanism (de-excitation by y-ray or neutron emission,
or by fission). The compound nmucleus mechanism leading to fission may be consistent with some observations
of the anomalous nuclear transmutation [6-13].

For most ofthe electrolysis expetiments, applied voltages are much smaller (~ 10V) than~2.7kV Shoulders used
togenerate the EV from his discharge experiments. However, some mechanisms such as the fracto-emission may
generate the EV even though the applied voltage is ~10V. Generation of the EV has been observed with applied
voltage as low as 50V [22]. If a sufficiently large number of smaller size (<X 1pbm) EV with lower velocities
corresponding to the electron kinetic energy of = 10¢'V can be produced at the surface of the cathode and/or in
microcavities and cracks inside the cathode metal, the GFC due to the continuum-clectron shielding may occur
and provide a consistent explanation for most of the anomalous effects observed in clectrolysis experiments,
based on nuclear physics mechanisms (fusion, fission, etc.)

7. CLUSTER-IMPACT NUCLEAR REACTION (CINR)

Previous investigations of the cluster-impact nuclear reaction were carried out with heavy-water molecule-
clusters, (I2,0),. Unlike electrons in the NEV, electrons in (ID,0), are bound electrons and not continuum
clectrons, and hence the GFC due to the continuum electron shielding is not applicable. The original claims [34-
37] ofthe anomalous enhancement of (D,0), cluster-impact fusion cross-section werelater found to be incorrect
[38]. Nevertheless, most oftheoretical formulations and models [ 39-49] developed to describe the cluster-impact
fusion phenomena are still applicable to the cluster-impact nuclear reactions with the NEV (CINR/NEV).
CINR/NEYV is a way of coupling first the input energy into the electronic system and then into the target nuclei
as laser induced fusion does. However, CINR/NEV may turn out to be more efficient than the laser induced
fusion.
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In recent experiments, Beuhler et al. [34-35] observed unexpectedly high rates of ~ 1 - 10s/D pair for
deuterium-deuterium (D- D) fusion when singly charged clusters of D,0O molecules ((D,0), n = 25 -1300)
accelerated to 150 to 325 keV (with a beam current of ~ 1 nA) and were impacted onto TiD>, C,1D, and ZrD), 4
targets [34,35]. Inaddition, D - D fusion was observed with (T1,0) ;5 clusterimpacting upon aC,D, target [35].
The results of Beuhler et al. received confirmation by Bae et al. [36] for (D,0),, and (H,O)';;; cluster beams
impacting on aC, D, target. Beuhler etal. [37] reported from their time-of-flight experiments with pulsed cluster
beams that light-fragment contaminants cannot be responsible for observed fusion ecvents. The experimental
vields for (D,0)"4 clusters are ~ 10*° times higher than that expected [39, 40] from single D* clusters atD - D
center of mass (CM) energies of 150 eV/D, and ~ 10'° times higher than at 15 ev/D for (D,0)" 44, A number
of theoretical models [40-43,50,51] were proposed but they underestimate the observed fusion vields [34-36] by
many orders of magnitude forlarge clusterswith n> 100. It was shown [41-43] that heavy atomic partners (such
as the oxygen in D,0O) in the molecule play a vital role in explaining the apparently conflicting negative results
for (D), clusters as reported by Fallavier et al. [38].

We developed acluster-impact fusion theory [41-43] to explain the observed D =D fusion rates [35] for (D,0),
clusters striking TiD, C,D,, and ZrD,, targets. The theory is expressediin the form of a universal scaling
equation with twophysically reasonable parameters. We also carriedout atheoretical analysis |48] for extracting
the effective temperature T, from the experimentally measured proton energy spectrum, as in the casc of D-D
fusion in a hot plasma for which the neutron energy spectrum has beensused as a diagnostic for the temperature
[52-54]. Shock-wave mechanisms for the cluster-impact fusion are investigated in references [44-49] such as
pinch instability heating dueto magnetic confinement [46,49,55]and shock-wave heating [44,49]. Although the
original claims of the anomalous enhancement of (D,0), cluster-impact fusion rate were found to be incorrect
and attributed to the contaminants, most of these theoretical. models [34-49] are also applicable to CINR/NEV.

8. CONCLUSIONS

It is shown that a near cancellation of the Gamow factor can occur under certain conditions. If one of the
final-state nuclei has an excited halonuclear state, it canlead toa GFC. Another mechanism for obtaining the
GFC is due to the continuum-electron shielding and can be achieved by creating high density cluster of mobile
clectrons and nuclei such as the NEV in which the relative velocity between electron and nucleus in the NEV
is much smaller than the velocity between the incident NEV and the target nuclcus.

Once the GFC is achieved in the entrance channel, the exit channel can be fusion reaction (via the direction
reaction mechanism), or emission of y-rays, neutrons, or nuclear spontancous fission from decay of the
compound nucleus (the compound nucleus mechanism). These nuclear physics mechanisms may offer a
consistent cxplanation for many of the anomalous effects including the nuclear transmutation observed in
low-energy nuclear reaction experiments.

Both the laser induced fusion and the cluster-impact nuclear reaction with the NEV (CINR/NEV) involve
coupling first the input energy into the electronic system and then into the target nuclei. However, CINR/NEV
may be more efficient. Furthermore, CINR/NEV may offer other advantages such as possible aneutronic
reactions. Therefore, it is important to find out whether CINR/NEV can be made more practical than the laser
induced fusion.
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NATURAL NUCLEAR SYNTHESIS OF
SUPERHEAVY ELEMENTS ( SHE )

Albert Cau!

ABSTRACT

As soon as nuclear scientists became convinced of the possible existence of superheavy elements (SHE) with
atomic numbers around 114 and 126, numerous attempts have been made to detectithem in natural samples and
to synthesize them in heavy ion accelerators. No positive results have been obtaingd until now since no clement
higher than 101 have been isolated for chemical study.

A new direction to the research of SHE has been taken. The sourcesof the present work is old alchemy, as
described in oldtreatises written prior 1850. It appears that the key material used by alchemists was pitchblende.
The hypothesis that SHE could be peculiar elements only as stable asfluorides is discussed.

The mechanism conducing to the production of SHE in a chemieal medium is studied: the main pointis that SHE
are necessarily produced via soff fusion, a synergism of eéxoenergetic nuclear reactions (proton absomption) and
endoenergetical nuclear reactions (light element fusion): a mechanism that allows the creation of macroscopic
amount of SHE fluoride in mild [low energy| conditions.

The nuclear reactivity of natural mixtures centaining uranium and light ¢lements is described. A 1986
experiment showed an unexpected nuclear activity characterized by very intense neutron bursts. The 1996
experiment shows increases of gamma activity upon heating and the production of a peak around 50 KeV.

PART I - SOURCE OF THE RESEARCH
INTRODUCTION

The understanding of the properties of atoms has been the major goal of science during the XX® century. The
problem to-day is to know what is the limit of the series of chemical elements. Using a different approachbased
on the properties of atomin nature and historical considerations it may be possible to conceive that superheavy
clements should really constitute that upper limit of the series of chemical clements. It is the purpose of this
rescarch to show that under precise conditions these SHE are created and observable by their action on the
chemical medium.

Considering the failure of attempts to detect SHE in nature and to synthesize them in heavy ion accelerators, it
has been thought that SHE, because they should constitute the upper limit of the periodic chart of chemical
elements, could be a peculiarity of nature regarding their nuclear and chemical properties. The question about
the existence of SHE, curiously has a precise answer if we consider the historical fact of a science named
alchemy. Going back a thousand vears ago, when radioactivity was not yet discovered by science, we find
treatises that describes to us the making of two related compounds : A W hite Stone and a Red Stone, both having
remarkable propertics, among them the quantitative nuclear transmutation of mercury (Z=80) into gold (Z=79)
using the Red
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Stone, and the nuclear transmutation of mercury (7=80) into platinum (7Z=78) using the White Stone [1].
Moreoverit is said in old treatises thatthe compounds cannot be analyzed via conventional methods becausethey
disappear [2].

Science tells us that the stability of nucleus depends on the number of protons and neutrons. The magic numbers
introduced by nuclear physicists in the model ofthe shell nucleus theory give us the possibility to have two stable
superheavy clements [3], probably: Z=114, N=184 and Z =126, N =184 .

Agsuming true the rationality of the alchemy process as described in old treatises, we deduce, a priori, that the
White Stone and the Red Stone are necessarily chemical compounds of Z = 114 and Z = 126 having the
following properties:

1) both SHE are stable as fluorides, and 2) both SHE are disintegrated into powerful neutron/proton beam when
the protective shell of associated fluorides is broken.

Therefore we are conduced to suspect that the upper limit of chemical clements, supposed to be these SHE,
should be necessarily characterized by peculiar nuclear and chemical propertics: The classical concept of atom
coming from Greek philosophers, still recognized to-day, presentsea failure for the limits of atom serics. We
know that hydrogen, the lower limit of the atomic serics, is the ynigue ¢lement in nature that may coexistin a
chemical medium as free nucleus (dissolved, of course) as a result of this property. So the upper limit should
present similar features: SHE nuclei should exist only as fluoride compounds. This approach of SHE existence
based on philosophical considerations has the advantage to.gofarther than any existing theory of nucleus since
the problem is not to knowhow the SHE nucleus is built, but how/it could exist on Earth and how to create them.

The identity of materials used by alchemists

It seems that the most difficult problem te resolve is to find the precise identity of materials used by alchemists.
If we study recent alchemy treatises, as.well as many older works, we note that most of searchers were using
any kind of materials with the secret hope they had chosen the right materials. Today, the fashion is to
unsuccessfully process stibnite because cinnabar has been declared dangerous for health forits mercury content.

A few quotes taken from old alechemy treatises will show vou that pitchblende (UO,) is the right material used
by alchemists. The other material is fluorite from which it is possible to create the stabilizing medium to grow
the superheavy element fluorides.

Identity of prime materials from alchemy treatises

Of course I will consider only alchemy treatises written before the discovery of radioactivity by Becquerel
(1896). This study will also show that metaphorical descriptions are widely used to describe concrete facts. The
purpose of selected quotes is to show you that we may find in alchemy treatises the implicit description of a
nuclear process based on uranium mineral treatment.

Now Iwill speak but a very little of the Living Fire, whichis hidden inthe Earth or Center ofthe World and there
has taken up its most fixed Habitation; and by many Philosophers is called the Corporal Water; but it may better
be called the Fire of Bodies. To know this is the most secret Mystery in all our Philosophy. This fixt Fire has a
great sympathy withthe volatil Fire; for it wanteeth it as an aliment, and to its Nourishment.... Butits Operation
is invisible and very secret, and vet very powerful, which also few know; for it operates by its heat in all things
which lie in the Earth. - Sanguis Naturze [4]. p. 12- 13

Itis a very interesting quote because it mentions the special action of a principle included in the prime material
and that it is responsible of the feasibility of the alchemy process. Because its Operation is invisible and very
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secret, and yet very powerful, we may deduce that it 1s a very strong reference to nuclear properties of the
material.

For the Power and Virtue of this living Fire is so great, that if that were absent, the Flements would be dead,
especially the Heaven, an Element which most of all stands in need of this Light. - Sanguis Natura. p. 10

This quote does not describe the prime material, but insist on the fact that the alchemy process is the conjunction
of different things. For example, if vou have gas, will not get any energy with gas alone, you must add air that
contains oxygen, but that mix of gas still does not react, vou have to initiate the reaction with a spark. It is the
same for alchemy process, the prime material alone serve for nothing if you have not its companions. For this

reason some alchemy treatises say that the Subject is waiting for the wise alchemist who will know how to awake
him.

For where there is glittering Brightness, there is light; where is Light, there is Heat; where js Heat there is Life
and very powerful action; and whichis a great matter, in it reign the Elements animated with a living Fire,
which is a Celestial vivifving, fertile and greening Spirit; the Light, Foree and life of all things. - Sanguis
Natura, p 18

Underlined text gives vou the key to understand any alchemy treatise. The life of minerals has a strong relation
with mineral luminescence. The greening Spirit may be associated with the strong green fluorescence of uranyl
salts.

This living Fire, withwhich the Heavens and all thingsare filled by the Creator, descends through the Elements
into the Subject, which is called the Balsom of Natyre, Electrum immaturum, Magnesia, The Green Dragon,
Azoth Vitreus, The Fire of Nature. - Sanguis Nature. p. 41

The Subjectis the prime material : it contains a/iving Fire , itis called The Green Dragon, The Fire of Nature
. Uranium agrees with this description : UI'V) salts are green and most of them are luminescent.

The certainty of this Solar Subject may be evidently known, if out of it three Principles of Nature can be
separated. What they ared will explain. Sulphur residing in our Matter, is its fiery, most subtile, and most thin
part, partaking of a subtile Earth, which indeed is the perfect and absolute Tincture, having power of rubifving
and illuminating every Body. Which Sulphur is called the Philosopher’s secret Fire, and the luminous part. -
Sanguis Naturz. p. 22

The reference to a Solar Subject is quite interesting. We may establish a relation with gold whose symbol is the
Sun, that precises the frequent location of the alchemist Gold. Fromthis Subject we obtain Sulphur whichis the
Philosopher ’s secret Fire: the uranyl salts are effectively luminescent and nuclear reactions inside the mixture
of alchemist produce transmutation of elements and heat. This action on the identity of associated chemical
elements is the true dissolving power of what alchemists name Mercury.

And that Sulphur which we call the Green Lyon, is the Fire of Nature, which lieths hid in the Center of our
Subject... - Sanguis Naturze. p. 26

Sulphur of alchemists presents some strong relations with natural sulfur (Z=14). We have a relation of color:;
both are vellow, and a relation of Light. As a matter of fact, normal sulfur may burn in oxygen with a bluish
flame to produce sulfur dioxide. Uranyl salts, especially sulfate and nitrate, present a strong green luminescence
when excited by UV light. According to old books of physics, and even alchemy theory (preceding quote) light
is equivalent to firc because they depend on the same natural principle. Consequently the Su/phur of alchemists
extracted from the prime material is an uranyl salt. The term Green Lyon also refers to Sulphur, not only because
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of the green luminescence of uranyl salts, butalso because of the green color of U(IV); uranium dioxide heated
with ammonium bifluoride produces the green uranium tetrafluornide.

Our Gold is notvulgar Gold, which is soldby Gold-smiths, or any thing like it, but it is a certain other Substance
more precious than Gold itself, whose Green and Golden colour does sufficiently demonstrate its Original and
Excellence. - Sanguis Naturz. p. 33

When alchemists speak of their Gold, of course they want to indicate us how precious is the prime material found
in mines, but they are more precise since they also tell us implicitly that this mineral is associated with gold. A
typical alchemy saying is 7he seed of gold is in gold which means that where you have gold metal, you will also,
not very far away, get alchemist gold. In South Africa, gold mines are in fact uranium ores ( pitchblende )
associated with gold included in quartz, it is also surprising to note that this gold contains some traces or
mercury. In my concern, in 1978 while working in Mexico, I isolated tiny witessof gold associated with
metatorbernite (uranium, copper, phosphate).

The gold of alchemists is a black mineral: pitchblende. The mineral is often associated with secondary minerals
of a yellow color: autunite, carnotite..., but also some green produets, the:most frequent being meta-torbernite:
a microscopic mineral found as very nice tablets of an emerald ¢oler.

In this vile and abject Minera, lies hidden the celebrated Stone of the Philosopher’s, whose Essence also by
reason of its obscurity nobody can see, unless it be deliveredtherefrom, and brought to light... The Essence of
this minera, whereof the chief colour is green, as a most certainindication of life. - Sanguis Naturz, p 44

This is a general description of the prime material{ a vile and abject Minerabecause it was discarded by miners.
Evidently the Essence of this Adinerais its luminescence thatis clearly emphasized by reason of its obscurity and
brought tolight. An other indication is that the chief colouris greenas a reference to the color obtained by attack
in non-oxidizing conditions, and by the fact that some oxidation products are green colored.

Years ago Pitchblende (UQ, ), was_a common mineral in some silver mines of which most famous is the
Joachimsthal line in Bohemia (on'€zechoslovakia border with Hungary ). According to Diderot [2]it was a very
unwelcome black mineral because of its high density similar to the density of the black silver sulfide.

Let see now some quotes. selected from the Hermetic Museum [5].

For this reason the Sages use none but this natural fire, not because it is made by the Sages, but because it is
made by Nature. - The Hermetic Museum, p 145

Again we have the relation of Light, the natural fire is not prepared by the alchemist, that means the inner
property ofthe material is Fire. Pitchblende 1s not luminescent, butits derivatives such as nitrate and sulfate are.
So the alchemist liberates the natural fire: an idea often used.

The distilled water is the Moon; the Sun, orFire, is hidden in it, and it is the father of all things. It is also called
Iiving water, for the life of the dead body is hidden in the water. - The Hermetic Museum. p. 225

We have a confirmation of what has been said before: the AMoon by its cold nature has to be related with
Mercury, but this Adercury contains the Sunm, that is to say Sulphur, therefore the living water is a solution of
uranyl salt in hydrofluoric acidderivatives. To know why the Moon is associated with cold is evident: the moon
is the Earth satellite we may observe during the night, and it is clear that during the night weather is colder than
during the day.
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Our gold is twofold; one kindis mature andfixed, the yellow Latten, and its heart or centre is pure fire, whereby
it is kept from destruction, and only purged in the fire. This gold is our male, and it is sexually joined to a more
crude white gold the female seed: ihe two together being indissolubly united, constitute our fruitful
Hermaphrodite. - The Hermetic Museum, p 165

We came to a crucial pointin the identification of prime materials. Do we need one, two or more materials? The
frequent sexual reference indicates with no ambiguity that two materials are necessary. They are of course of
same nature, that isto say they own the relation of Light, but they are complementary. The Gold is the prime
material: the Iellow Laiten is the clear reference to processed pitchblende; the White Gold is the reference to
fluorite derivatives that constitute the matrix of all the process.

Know, ve Scruiators of Nature, that fire is the soul of everything, and that God Himself is fire and soul. And the

body cannot Iive without fire. For without fire, the other elements have no efficacy.~~The Hermetic Museum
p 213

An other reference to that Fire, the Key of all the alchemy process. It isavery high point of Philosophy with
evidently a reference to the prime material that is considered as a gift of God, and justly the heartof this material
contains its soul that is to say the Fire. The work of the artist isdodeliver the soul and to join it with the other
element. In clear, it is required to process pitchblende to get raw uranyl salt (the luminescent salt), it contains
life; the union with fluorite derivative really initiates the process, but the exact composition of the
complementary part of uranyl salt has never been given, only implicitly.

In Gold and Silver our menstrues are not visible to the eve, and are only perceived by their effect. - The
Hermetic Muscum, p 39

Gold and Sifver are equivalent to Sulpfutr and M ercury of alchemists. That is to say uranyl salt and fluorite
derivatives. A menstrue is an acidic solvent ( Diderot [5], see mentrue), it is a question in the quote of a
dissolving action that may be observed when running in the process. Su/pfur has the power to destroy identity
of Mercury: nuclear reactions occur and produce the slow formation of the germ of the seed. This outstanding
dissolving power of Sulp/ur is Often described, but it must be noted that when both are joined, they produce
Sulphur or Mercury depending.authors [sic].

The imward heat is muchmore powerful than elementary fire, but it is tempered and cooled by the water which
pervades and refresh the pores of the earth, otherwise all things would be consumed by its fierceness. - 'The
Hermetic Museum, p 103

Inward heat has the precise meaning we know, and elementary fire has to be related with luminescence. This
quote gives the description of a kind of small size “nuclear reactor.”

It is infact talking about the process; afterthe washing of the prime material, youget a product with avery strong
gamma activity. It contains most of all radioactive decay products of uranium. In this new Mercury, we begin
to have nuclear reactions of formation of the germ of the Stone (if all conditions are fulfilled ), you will know
below why the formation of SHE requires the participation of protons, but you may note here that it is not a
solution, but a periodical refreshment of the mixture in order to avoid stopping the course of the process. That
means the proportion of clements are a major feature of the alchemy process.

Nature cannot work till it has been supplied with a material, the first matter is furnished by God, the second
matter by the Sage. But in the philosophical work Nature must excite the fire which God has enclosed in the
centre of each thing. The excitation of this fire is performed by the will of Nature, forfire naturally purifies every
species of impurity. - 'The Hermetic Muscum, p 140
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We have the exact implicit description of required materials. The first matter is furnished by Godmeans various
things. First: this matter has a soul, and as explained before it containg inside a powerful fire, therefore the
material owns a hidden light. Second: the reference to God is not allegoric, it is clear that thousand years ago
nobody could know the nuclear properties of matter, especially uranium. Consequently the knowledge of the
property of pitchblende could be only possible with the help of areal adept. But the mystery remains regarding
who transferred that knowledge to mankind.

The second matter is furnished by the Sage, thatis to say itis a common chemical work that a skillful chemist
may discover: it is the processing of fluorite to obtain derivatives such as potassium fluoride, ammonium
fluoride, ammonium bifluoride, ammonium fluoborate, hydrofluoric acid (contaminated with silicihydrofluoric
acid)... The work of Natureis areference to precise conditions required inthe alchemy process named as the will
of nature. For example, it is possible to change the yellow color of uranyl salt to a very nice blue color, like lapis-
lazuli.

For ifthe hidden central fire, which during life was in state of passivity, obtains the mastery, it attracks to itself
all the pure elements, which are thenseparated from the impure and formithe nucleus of a far purer form of life.

1t is thus that our Sages are able to produce immortal things, particularly by decomposition of minerals: and
vou see that the whole process from beginning to end is the work of fires - The Hermetic Museum, p 142

We know that the prime material giff of God must be put in a state of reactivity. The first operation is the
separation of the active part and the reaction with the complementary part to obtain the germ of the Stone.

More interesting is that affirmation about the work of fivre: the synergism of nuclear reactions involving protons
and light clements to produce these SHE. Of course itis question of the inward fire that may be helped in some
parts of the process to get more favorable conditions:

The outward fire does not enter into the.compesition as an essential part of it, but only by the effect which it

helps to produce. The imwardfire is sufficient, if only it has received nutrimentfrom the outward fire, which feeds

it as wood feeds elementarvfire: inproportion tothe quantity of nutriment the inward fire grows and multiplies.
- The Hermetic Muscum, p 144

As observed experimentallyy thetotal gamma activity of the mixture increases. The inward fire corresponds to
the nuclear property of uranium. But the outward fire is different since it corresponds to normal heating of the
mixture, and as observed the nuclear activity of the mixture increases by heating.

Sulphur is by no means the least important of the great principles since it is a part of the metals, and even a
principal part of the Philosopher’s Stone. It illumines all bodies since it is the light of the light, and their
tincture. - The Hermetic Museum, p 130

When alchemists say that their Stome is pure Fire, andthey name it our Sulphur they are giving us to understand
that there exists arelation of light. One of the properties of the P hilosopher’s Stone is to be luminescent under
a certain grade of purity. The same observation has been made by Marie Curie with pure radium salts.

1t should be noted that common gold is useless for this purpose, being unsuitable and dead. ¥ ou must therefore,
seek to obtain goldwhich is a pure living spirit, and of which the sulphur is not yet wealkened and sophisticated,
but is pure and clear: otherwise the first substance, being spiritual and ethereal will not combine withit. -The
Hermetic Muscum, p 81
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Many people have processed gold (Z=79) to produce the Philosopher’s Stone. Here, like in many alchemy
treatises, it is said that common gold is unsuitable for the work. The Gold of alchemists, their (Gold, has an other
nature, it permits to prepare the Stone, it is pitchblende. In this gold we have a living spirit, the luminescence of
prepared salts; morcover, the quality of pitchblende is important: and of which the sulphur is not yet weakened,
that means purified uranyl salt may not be used.

Alchemist: Yet the Sages savs that their substance is found on the dung hill.
Mereurv: What they say is true, but you understand only the letter, and not the spirit of their injunctions. - The
Hermetic Muscum, p 81

We get to important points of the identification of pitchblende. Imagine vou are four hundreds vears ago, you
need pitchblende, so youwill have to get it from mines where you could find thisimineral. There were not so
many mines worked for metals, butthe most valuable metals were gold and silver. Being clever, and considering
that the seed of gold is in gold, you choose to investigate the European gold and silver mines, especially in
Hungary and Bohemia. It is on the hill of discarded minerals of Joachimsthal (opened since 1510) that you will
find pitchblende.

Man have it before their eves, handle it with their hands, yet know it not, though they constantly tread it under
their feet. - The Hermetic Museum, p 78

The author describes miners who select the mineral extracted from the mine according technics used centuries
ago. Effectively they recognize the mineral because of its density, but quickly discard it because they do not
know its real value.

Sulphur is by no means the least important of the great principles, since it is a part of the metal, and even a
principal part of the Philosopher’s Stone.l The student who knows nothing about it, is in the dark in regard to
this matter, as is a blind man in respect to'eolour. - 'The Hermetic Museum, p 130

Pitchblende is a black mineral from which is extracted the Su/phur of alchemists. So is in the dark in regard to
this matter is a direct reference tothe color of the mineral, that is also expressed by as is a blind man in respect
to colour. The sum of both sentences gives us dark blind that is equivalent to dark blend or pitchblende. The
important point to know:is that German was the usual language of Basile Valentin and others alchemists.

Voice: It is true that Sulphur is the true and chief substance of the Stone. Yet you curse it injustly. For it lies
heavily chained in a dark prison and cannot do as it would. - The Hermetic Museum, p 150

This quote confirms the identification of pitchblende. The dark prison is the black mineral, its treatment with

nitric or sulfuric acid producesthe corresponding uranyl salt; both are luminescent and of ayellow color similar
to sulfur (Z=16).

Do not think that Salt is unimportant because it is omitted by the Ancients; they could not do without it, even if

they did not name it, seeing that is the Key which opens the infernale prison house, where sulphur lies in bonds.
- The Hermetic Museum, p 143

This quote also confirms the identification of pitchblende. The author emphasizes that the treatment of the
mineral to extract Sulphur requires a Saft. The association Sa/f and Key gives Vitriof since the old symbol of
vitriol was a key.
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Sictus dit: Sachez tous investigateurs de [’art, que le fondement de cet art pour lequel tout le monde pense, n'est
autre chose, que les sages estiment la plus haute qu’aucune nature qui soit, mais les fols la crovent la plus vile
de toutes les choses.

Alchimus dit: Prenez Arzent, ce sont vers noirs & venin de vieilles tuiles rouges marines, & ont horrible regard,
& les cuisez afeu nitrop chaudni trop froid; cars’il estfroid ils ne s’altérent point..... - Turba Philosophorum,
p14-33

Le minéral connu sous le nom de Pechblende se présente comme on sait, en masses amorphes, a cassures
conchoidales d’un noir éclatant ... le minéral examiné provenait des mines de Joachimsthal en Bohéme; la

pechblende sy trouve au milien d’'un calcaire lamellewx de coulenr rougedtre. - Ebelsem, Annales de Chimie
& Physique, no 8, 498, (1843)

Both French quotes, which are separated by 2530 vears, may be casily correlated. Theralchemist tells us that we
have to take as prime material Arzent (silver): we may deduce by the kind.of minc of interest, that is to say
Joachimsthal where pitchblende is found with silver. Our mineral will bedike black worms, & venom of ofd red
marine tiles, that is to say amorphous mass of strong black luster, inside a lamellar reddish calcarcous matrix.

This correlation and the above explanations of quotes are sufficient to be sure that the true prime material of
alchemists was pitchblende, the uraniumoxide. Itis quite possible to research more old alchemy treatises to find
similar correlations. The important point is that when an alchemist described the mineral, he did not care a lot
about what occurred elsewhere; he described the mine and the mineral he got. It is the reason why some
descriptions present some contradictions.

Identity of prime material from science

It may be possible touse our knowledge of atom to identify the prime mineral used by alchemists. We suppose
mercury (Z=80) has been chosen as prime material. It results that the alchemy treatment of this material has to
produce a change of the isotopic proportions in order to produce a new mercury enriched with neutrons, for
example. But experiments show that when an atom Z gets more neutrons it transmutes itself to the element Z+1
more stable. This fact being established it is clear that a hypothetical very high neutron enrichment will have
to produce one-by-one.the elements (7+1), (Z-+2), (Z+3),... to finally reach uranium and transuranium elements.
But the problem is that there does not exist any natural neutron source that can produce this sequence of nuclear
reactions. Since we will reach uranium and transuranium clements, we have to choose uranium as prime material
first because the best mineral found in nature is pitchblende, and second because uranium contains the energy
source required by the process.

The interest of that hypothetical explanation of the behavior of elements submitted to alchemy process is that
we may understandwhy we have touse a uranium compound to dothe alchemy work, and why the P hilosopher’s

Stone 1s necessarily a compound of SHE.
The others materials required by the alchemy process

It is not enough to know that pitchblende is the prime material, as a matter of fact it is an evidence, but it was
very important to identify this material in alchemy treatises in order to prove that alchemy treatises describes a
natural nuclear process conducing to two compounds which arenecessarily, because of their properties, chemical
compounds of SHE. The difficult problem to resolve is to precisely understand the nature of the associated
compound that permits the initiation of this nuclear process. Alchemy treatises do not describe this material
clearly, so a first approach to the nature of this compound relies on the properties of the Philosopher’s Stone.
We have scen thatthe Stone are disintegrated by chemicalreaction into powerful radial neutron beam. We also
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deduced there must exista protective surrounding of the active superheavy elements, and that protective shell
must be composed of fluorine ions because these ions have a very high electron affinity, and consequently are
able to stabilize SHE nuclei. Scientific data regarding the stabilizing effect of fluorine upon radioactive nuclei
have been given by Neve de Mevergnies [7].

The second material required for the alchemy process is fluorite (CaF, ), of which we may find in alchemy
treatises some relevant indications. Vitriol for example corresponds to Vitri OF (il , Oleum ), Oif of glass, thus
hydrofluoric acid. More details are given in reference. A quote from Sanguis Naturae [4] shows how to extract
the second component required by the process:

Among the Secrets of Alchemy, the greatestis to draw Water out of aRock; verily a hard andvery difficult Work,
unless Chemistry alone had showed us the possibility of this thing; which the Artist ought to endeavour to do by
Fire, which in the beginning must be gentle, inthe middle strong, and in the end mostve hement; so that all the
Aeral and Ethereal Spirits of this Rocky Minera, mayissueforth into afit PhilosephicalVessel, and there resolve
themselves into Water; which Water with wonderful Sympathy loves the Reck, from whence it issued; which
Water is called by various Names, as Bocl=Water, drgent Vive, @ Eume ~the Linging Celestial Spirit,
[ncombustible Sulphur, Wine Vinegar, Succus Acacia, Spirit of Wine, Lemperate Water, the Luciferous Virgin:
all which Names signifie this Water; which if it be again conjovned with'it, remains Stone, and often operates
resting upon it, it acquires a wonderful active power, as all know who are acquainted with this Water. -
Sanguis Naturs [4], page 42

We easily relate the first part of the quote with the extraction of a volatile acid with concentrated sulfuric acid:
hydrochloric acid, nitric acid, as described in old chemistry treatises; the relevant point being the variation of
regulation of fire. The other relevant point is the action of hydrofluoric acid upon calcium sulfate.

Physics of the creation of SHE in natural conditions

Since we know that pitchblende is the material required by the alchemy process, it is necessary to find how it
is possible to obtain this Philosopher’s Stone identified as a fluoride of SHE. Our logical way of analyzing the
problem of alchemy induced us te.suspect that the only rational explanation of alchemy relies on the natural
nuclear synthesis of two SHE flueride (g priori, Z =114 and Z = 126), therefore it is quite necessary to have
a more precise idea of the mechanism of formation of these SHE. We also have to note that nuclear physics
science failed to proposeaa rational explanation of alchemy (if they did succeed, itis classified information), that
means the process should involve a new aspect of atomic behavior in nature.

The alchemy mixture contains several chemical elements: uranium and fluorine; light clements. Radioactive
decay products of uranium are minor elements but they have a very important place in the process, at 1cast at the
beginning, because alpha emitters initiate fission reactions of uraniumvia neutrons produced by (¢, n) reactions.
So we may consider that the alchemy mixture is characterized by a nuclear reactivity of fission and, a priori, a
nuclear reactivity of fusion conducing to SHE depending on experimental conditions. So the nuclear synthesis
of SHE is necessarily a synergism of several kinds of nuclear reactions.

Another point that should be considered very carefully is the so-called Multiplication step described in old
alchemy treatises. Itis saidthat with aninitial part of the final compound it may be possible to increase its power
via arciteration of all the steps of process. If the first reiteration takes 6 months, the second will take 1 month.
This is the characteristic nuclear property of an element which is able to be disintegrated in precise chemical
conditions in order to initiate new nuclear reactions able to generate it again giving a higher quantity of
compound a lot more purer than initially. It also means that during the first process, the yield of favorable events
conducing to SHE will be very low, so as e¢xpected quite dependent of physico-chemical parameters and
composition of the mixture.
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EXPERIMENTS

The model of formation of SHE may be easily verified, indications have been given. An alternative way isto use
a neutron generator toinitiate nuclear reactions on an appropriate mixture of pure uranyl salt free of radioactive
decay products. But it must be remembered that the process works like any common geochemical process.

Few indications about the first step of the process are given inold alchemy treatises. So considering the relation
alchemy Sulphur - uranyl salt, and alchemy AMercury - HF , NH, F, NH, BE, ..., these base materials have been
initially used in order to make precise the chemical conditions of the process and to observe any unexpected
nuclear activity. It must be clear that the success of experiments depends on the precise knowledge of what is
named AMercury because, froma chemical point of view, it permits to observe the different colors during the two
year process: black, blue, green, white, yellow..., (all colors have been observed using uranyl salt) and it must
agree with physics of nuclear reactions conducing to SHE.

A firstexperiment [3] started in June 1986 has permitted [us] to observe acontinuous increase of the gamma
activity (secFig. 1) and intense gamma and ncutron bursts during days. This experiment used pure pitchblende
and hydrofluoric acid, it demonstrated that old alchemy treatiscs eould'contain the description of a natural
nuclear process conducing to new clements, necessarily SHE.

A very intense neutron burst has been detected (Fig. 2) via the Ag (n, V) nuclear reaction, for a background of
2,500 cps, the burst reached 131,000 cps. Because uranium mineral was involved, such nuclear activity may be
explained by the disintegration of SHE created in situ,

A second experiment started in June 1991 using commercial uranyl nitrate and tetrafluoboric acid, showed that
purified uranyl salt arc useless for the process. A 30% incrcase of gamma activity has been observed for an
initial gamma counting of 1,000 cps.

A third experiment, starting in March 1996, has been made with pitchblende, not so pure as in the first
experiment, and tetrafluoboric acidhag given two main results:

¢ gamma activity increases by/heating of the mixture from cold to room temperature or in a microwave oven
(Fig. 3). Heating has been followed by a notable increase of a peak around 50 KeV (Fig. 4, Fig. 5, Fig. 6).
Once an electronics failure had occured during the heating, the microwave oven stopped after two seconds and
refused to start again, the mix was boiling. The spectrum showed the increase of the 50 KeV peak, and the
microwave oven was working properly.

¢ apeak around 50 KeV has appeared. Separation of excess ammonium tetrafluoborate via sublimation has
been followed by sublimation of a black compound still unidentified. The peak around 50 Kev was missing on
the gamma spectrum (Fig. 7-a, Fig. 7-b, Fig. 7-c) of the remaining part A.

¢ A treatment of the part A with nitric acid 50% gave an insoluble red part , the 50 KeV peak was present. (Fig.
8)

¢ A chemical treatment of uranvl nitrate at room temperature has permitted to observe a color change from
vellow togreen and black (solid phase) then bluelike lapis-lazuli. Gamma spectrum of the blue solution is given

(Fig. 9). Color changes are, in part, the result of the presence of fluoboric acid in the mixture.

¢ (Gamma spectrum of pitchblende used for the experiment is given (Fig.10).
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CONCLUSION

The main feature of this rescarch is that it involves several parts of science in order to get a precise idea of its
goal in respect with the work of nature. The assumption that SHE existence is closely related with the problem
of limits of matter in nature seems to have some resonance in the history of science. The possibility to produce
macroscopic amount of SHE fluoride appears today very realistic. Itis quite probable that these elements which
have a transitory existence when produced in chemical conditions that do not permit them to be stabilized by
fluoride, have been observed during years in laboratories by unexpected neutron bursts escaping from uranyl
solutions. Today, the correlation of unexpected bursts of radiation from a mixture of uranium mineral has been
possible because of the understanding of old alchemy treatises which describes precisely how to process uranyl
salt and fluorite in orderto produce new compounds with outstanding properties. Theptesent experiment which
permitted to make precise the chemical composition of the mixture from celor changes and the effect of
temperature uponthe nuclear reactivity of the mixture, let’s suppose that soon,itwill be possible toisolate these
new chemical elements and to produce them at the laboratory scale.

Among the parameters that should permit to create SHE in chemical ‘medium via a synergism of nuclear
reactions: endoenergetic and exoenergetic, composition of the mixture and temperature appear to be the main
factors of the process. It is also possible that a nuclear cristallogenenis could permit to reach faster the goal in
the future.

The main point I would like to emphasize is that a precise study of phenomena occuring during the treatment of
the mix of uranyl salt and fluorite derivatives requires ene to be able to follow permanently the gamma activity
of the mix, as well as IR emission and temperattre. This has not been possible for the three experiments (in the
first experiment, gamma activity has been measured with a scintillometer Geometrix which has been damaged
by excess of radiations).
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PARTII - AMODEL FORTHENATURALNUCLEAR SYNTHESIS OF SUPERHEAVY ELEMENTS.

The direct formation of element titanium Z = 114, for example, from uranium, in the ideal case of a hypothetical
fusion in one step, requires the use of titantum 7 = 22, and an anti-Coulomb energy of 211 MeV, a very high
value which means that the uranium nucleus considered as projectile will not be close to the titanium nucleus
for a direct fusion conducing to a superheavy element. So if one fusion step does not permit the formation of
SHE, therefore we have to assume that the natural nuclear fusion process involves several steps of fusion!

Uranium is a key component of the mixture: It owns an energy source required to eventually produce nuclear
fusion reactions. The fission of uranium, spontancous or induced by fast neutrons created in the medium
produces an energy of 167 MeV which is taken by both fragments of fission:

E:=E, +E, Conservation of the energy
m:-v,+my;¥,=0 Conservation of the momentum quantity

Each fragment of fission m;, m,, carries the kinetic energy:

We deduce: E, = %m1 vi E,= %mzv:

m. m
s0: E1=F2E, and EZ=F‘E, with Ep~ 167 MeV

with:m=m,; +m, m =235 Taking intoraccount emitted neutrons.

The mixture contains several echemical elements: uranium, fluorine, boron, mitrogen, oxygen, hydrogen.
Radioactive decay products of uranium are minor elements but they have a very important place in the process
because alpha emitters imtiate fission reactions via neutrons produced by interaction of alpha radiations with
light nuclei. We may consider that the alchemy mixture is characterized by a nuclear reactivity of fission and,
a priori, a nuclear reactivity of fusion conducing to superheavy elements.

The nuclear fusion between two nucleus implies first that both nuclei come in contact then the fusion process
may occur according an endothermic or exothermic reaction.

Principle of the fusion process

A fragment of figsion of uranium collides with a chemical element of the mixture and transmits it a part of its
energy. The activated element will be involved in a fusion process with other element of the mixture if all energy
conditions are fulfilled. The road conducive to superheavy element nuclei requires that uranium is the projectile.
The scheme 1s the following:

Fission m; E; Collision Uranium

c
O o 8 &
E,
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m,; and m,: fragments of fission of uranium, with the energy

E = i 35" A E = = Ep
my -+ my S my, +m,

The collision of m, or m, with an element of the mixture of mass m_may be represented as follows:

o Broa 9
G Vi
-------------- )
m; . Ey E v
Ino Inﬂ ® L 0

The maximum energy received by the target m, (case of a frontal collision) is:

More probable light fragments of uranium fission: 85 £ m_ < 95

Energy received by a uranium nucleus: 80.17 < En. <'81.68 MeV

Uranium has to receive enough energy to overceme the potential barrier of fusion; this value only depends on
the nature of the target nucleus ,that is tosay its electric charge Z:

Z
Barrier Energy (MeV) : V= 1.02857 ”—Zz

AR . AlR
Fluorine: POF  V=96.06 MeV
Oxygen: .0 V=86.84MeV
Nitrogen: MN V=76.95MeV
Carbon: 2.C V=6690MeV
Boron: H'B V=5618MeV
Hydrogen: YH  V=1314MeV

We see that oxygen and fluorine may not participate to a fusion with uranium (some fusion events could be
possible). Thereason is that uranium projectile hasnot enough energy to overcome the Coulomb repulsion. For

other light elements, carbon, nitrogen, boron and hydrogen the first condition of fusion isfulfilled: the potential
barrier between the projectile and the target is overcome.

But it is not so simple, let see the classical case:
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X+x-=-y+Y x:target X: projectile
The energy balance is:
Q=E, +Ey -Ex or:  Q=(My+M, -M,-M)c

To create a compound nucleus we need a certain amount of energy corresponding to the difference of mass of
initial nucleus and final nucleus. It is interesting to note the analogy between chemical energy that involves
electrons and nuclear energy that involves nucleons; this fact shows us the similitude of natural laws .

If Q = 0 ,the reaction of formation is endoenergetic that means the reaction will be possible if the projectile
overcomes the potential barrier.

If Q <0, the reaction is endoenergetic, that is to say it will occur if the projectile has a minimum energy.

This condition is a consequence of the postulate of positive energy; in the laboratory system, the energy balance
is: Q + E,, Ey; being the projectile energy in the laboratory system:

Ecm

MX . EX II]x

(5— ©

We only consider the formation of the compound nucleus with the step of overcoming of the potential barrier
to obtain what I call a psendo compound nucleus (M. + m,)" and after nucleon transfer the compound nucleus
(M.m, )" before the step of de-excitation. First we find the relation between energy of projectile nucleus X and
energy of the system in the ‘eenter of mass when nuclei are in close contact .

VoM

¥, isthe velocity of the projectile in the laboratory system, we assume the target x isnot moving. At the end
of this first step, the velocity of the center of mass is ¥, The relation deduced from the law of momentum
conservation is:

s - . — MX+ m.r -
My Vy=(My+m) ¥y, from which : ¥y,= ———= ¥,
X
Since: E, =% My and: Euy 2 (Mg + M, ). Vey
deduce: E 2
we deduce: =—
o7 o m, X
The law of energy conservation is: Ey+Me.c?+m, ¢t =Eq + (Mg +m )*.¢

By summing this equation with the expression of Q-formation, we get:
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MX * m,
Ex-Eenm=-Q for example : E,=-Q-———

mI

This result shows that if Q > 0 the nuclear reaction of fusion will proceed when both nucleus will be in close
contact. But if Q< (), the reaction will only occur if the projectile has a minimum energy given by the preceding
equation.

Then for the fusion uranium - boron, the condition of fusion is (exact value is given using atomic mass unit):

238 + 11

E.> 15.
* 11

for example : Ey > 339 MeV !

Taking into account this result we could think that the natural nuclear fusion dis~a myth. But our analysis of
alchemy treatises show us surprising facts that make it difficultto say that alchemists were using pitchblende and
fluorite by a pure coincidence.

In order to solve that obstacle, I considered the present result as anindication of the existence of anew parameter
that should be compatible with present knowledge of nuclear physics and should be able to give a realistic
approach of the synthesis of superheavy elements.

The solution is obtained from the analysis of the energy balance needed to produce a macroscopic amount of
Philosopher's Stone, assumed to be Z = 126 element fluoride. Supposing that one uranium fission is sufficient
to produce one SHE nucleus: a maximum probability nsing the classical concept of nuclear reactivity, it appears
that a prodigious amount of energy will be required. to produce around 10 grams of SHE: Let 100 MeV the
energy useful for fusion of uranium projectilein order to give a SHE nucleus according an unknown process.

To produce our 10 grams of SHE, we need:
100.6.02.10% . 10/310 =1.94 . 10" MeV this energy corresponds to 74,500 Kg of TNT.

Therefore it seems obvious that a natural nuclear reaction is occurring in order to imitate the consumption of
energy from uranium fission: the uranium projectile will have to participate to exoenergetic and endoenergetic
nuclear reactions. Since the'medium is very rich in hydrogen and that nuclear reaction of fusion with uranium
is exoenergetic, it is clear that hydrogen is also the key clement of the mixture. Such fact has been explicated
by some alchemy authors who recommend to carcfully regulate the fire in order to avoid a burning of the initial
product.

At that point the understanding of the natural nuclear synthesis of SHE strongly diverges from present methods
of searching them using heavy ion accelerators which is characterized by the following parameters:

- Metallic targets are used

- Light projectiles collide the target
- No protons are involved

- No stabilizing agent is present

The main reason is that present methods are still considering the old concept of atom (from the Greek word
which means unbreakable), whilein the present study it is supposed that SHE are the limit of the Periodic Table
of Elements, and consequently they own a very peculiar characteristic which is their inability to exist as free
atoms. Evidently such hypothesis comes from the study of controversial old alchemy treatises, but the fact is
that such
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hypothesis which perfectly explains these treatises isalso easily verified via experiments, since now some cases
of unexpected nuclear reactivity may be understood. These experimental facts will be described in the last part.

The goal is to get an idea of the creation path of superheavy nuclei in that chemical medium.

Let see the new changes in our equations, considering the mechanism of fusion has to be related with a soft
fusion process:

M: Mass of the uranium nucleus

m: Mass of the light nucleus

p: Mass of the proton

B, Uranium projectile energy

B withx = 1,2.3.4: energy in the center of mass
Voo With x = 1,2.3,4: velocity of compound nuclei

Q. withx=1,2,3,4: energy of absorption of nucleons.
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The scheme of this fusion mechanism is a possible approach to reality. The projectile may interact first with
proton or a light nuclei. Considering what we know about nuclear reactions: it has been observed that gamma
rays of deexcitation of acompound nuclei occur after 107* second for most nuclear reactions. I think that during
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this very short time, the compound nucleus uranium-light element will be able to interact with protons present
on its path. It i calculated that it will meet at least 100 protons on a path of about 80 nanometers.

The relations are the following:

M M
E = E E = E
CM1 M+m M CM2 M+mp M
M M
E s — Enpps = E
M Uimizp M M Mimrap M
M
E R . M
MDY Miminp M

Energy formation relations are;
Q,=M.c¢+m.c*-M+m).c
Qy=(M+m).ct+p.c*-M+m+p).c?
Qs=(M+n+p).c*+p.c*-M+m+2p).c
Q,=M+m+2p).c*+p.c-M+m+3p).¢

We assume that Q, = Q, = Q, because we have for cach case a proton absorption.
Let see now the equations of energy conservation:
Ey+Mc? + m.c? = Eqy + (Mm). 6§

Ecn + (Mm).¢? + p.c? = By ##(NImp).c*

Eqp + (Mmp).c® + p.c* S Eqn + (Mm2p).c?

Ep T (Mm2p).c? + p.c* = E,, + (Mm3p).c?

The complete fusion may be written:

(Mm3p) = (M +m + 3p )" Excited compound nucleus

The most probable is that each proton absorption will produce a transfer of nucleons of the light element to the
uranium projectile, it will result a new interaction between the transuranium nucleus created and the light target.

Summing all the equation we get:

Ey - By + Qu + Q + Q + Q= (Mm3p).e® - (M +m + 3p).c>
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The second term of the equation must be zero. The first part of this term corresponds to a union without fusion,
while the second part corresponds to the final nucleus before the step of deexcitation. Supposing that protons
are not involved, the equation becomes:

Ey - Eop + Q= (Mm).¢? - (M + m).c?

To get the known result the second term of the equation must necessarily be zero; it results that the equation of
interest involving protons will give:

Ey-Eau=-Q,+Q,+Q+Qy

Using the expression of E ., we get:

By > -(Q+Q,+Q+Qy. M PR
M +3p

This equation gives the minimum energy of uranium projectile to obtain a compound nucleus afier three proton
absorption.

The important values in the case of the Uranium <4 Boren fusion are:
Q; = 13,80 MeV Energy of formation Uranium - Bore
Q, = + 5,5 MeV Energy of one proton absorption

Using numerical values:
Fission energy of uranium: E;= 167 MeV

Fission fragment: M, = 94

Energy of fission fragment:  E = 100.20 MeV
Frontal collision with uranium: so 0 =0
Energy of uranium nucleus: Ey = 81.34 MeV

Target: Bore A=10,2=35
Fusion barrier: Vg = 56.59 MeV
Minimum energy required: Ey =372 MeV

First proton absorption.
Energy required for the complete fusion: L, = 226.36 MeV

Second proton absorption.
Energy required for the complete fusion: Ey,, > 104.16 MeV

Third proton absorption.

Energy required for the complete fusion: E =0

Uppp =

This explanation of the fusion process Uranium - light element involves the exoenergetic reaction of three proton
absorption; it requires that protons present on the path of uranium do react with uranium.
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Now we must consider the fusion cross-section when the fusion cross-section is almost equal to the reaction
cross-section, that is to say for cach interaction between the projectile and the target the fusion will have to occur.

The fusion cross-section involves the energy of the projectile in the system of center of mass. Projectile and
target interact as follows:

Center of Mass

The concept of projectile and target has a precise meaning in the Laboratoryssystem. In the system of Center of
Mass equations of the interaction projectile-target are simplest:

M. Vyeny T M. Viony =0

We have energy relations:
M. By = m . Enyen

We have also the relations:
B and ¥, = =]

Poon= ¥V ¥
Let compare the following conditions:
- The projectile is the light nucleus, the welocity of the center of mass is:

m —

Vs = v
M M m m
so: E.=-—2 F and E = LE
CoteMT mCM) M mE "
-The projectile is the heavy nucleus:
Ty = —2 5
CM M+m M
so: E. = M E and E = m—zE
 Bem T oM MC M + my? M

When the projectile is the light nucleus we note that E,, ¢ 1s not very different from E,; the center of gravity
of the system is near the heavy nucleus and E ., is small. But when the projectile is the heavy nucleus, Eyycy
is very small, most of all the energy is E¢;, and E ;) owns the most part of the remaining energy.

We also note that the center of mass is in the uranium nucleus for the distance R, < Ry while the light nucleus
is at a distance 20 times higher.

In the Laboratory system the heavy projectile receives enough energy resulting from the collision the fragment
of fission of uranium to overcome the potential barrier of Coulomb. A light projectile for the same value of
energy should own a higher veloceity to counterbalance its lower mass. For the heavy projectile alower action
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velocity is compensated by the inertia effect. The problem of fusion depends on Q), energy of formation of the
compound nucleus. As a matter of fact, for Q = 0 the reaction is possible if the potential barrier of Coulomb is
overcome. But for Q < 0 the reaction cannot occur, even if the potential barrier of Coulomb is overcome,
because, according the theory, products of the reaction have the energy:

£ = o [Q*’ = m]

=
m, + m, M+m

Ey=—2 [Q+E= '”]

M
m, +m, M+m

It results that the condition of formation of these products of reaction is:

Ey>-Q M Minimum energy for the fusion reaction
m

For the compound nucleus, the sum E; + E, gives:

m
Q+E""'.I’tfhm

This term mustbe positive; sowe obtain the preceding condition of fusion when Q < 0. But we also see that the
action of protons will make this term positive because for each absorbed proton there will be a gain of g > 0,
around 5 MeV, and an increase of the ratio:

m to m+1

M+m M+m+1

Previous considerations permit to say thatdn the case of this soft fusion process which is the main feature of the
alchemy process:

- The heavy projectile nceessarily overcomes the potential bamrierif E, > V.

- There is no direct fusion but a very short time of contact between the heavy projectile and the light
target. The center of mass of the system carries most of the energy. The subsequent action of protons
produces the transfer of nucleons from the light target to the heavy projectile.

- Wemay supposc thatin our case the final fusion cross section depends on the energy of center of mass:
E . but that fusion cross section is zero until protons initiate the process of nucleon transfer.

The fusion cross section may be given by the formula:

. 2
O fusion = T.Rg

VR
1- —2|cm? 1 barn = 10 cm’
CM

1

Ry = 1.4 (A4 g A;B) 108 em radius of the compound nucleus
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E i Energy of center of mass.

Ew: Energy of projectile in the Laboratory system.
M: Mass of the projectile

m: Mass of the target

During the process of soft fusion the projectile owns a certain amount ofinternal excitation energy resulting from
the collision with the fragment of fission of uranium, that means a lower gain of energy should favor the fusion.
If we restrict our thinking to the known theoretical reverse fusion process, it will benecessary to give to uranium
an energy of 340 Mev (case Uranium-Boron fusion), the result will be a complete disintegration of the compound
nucleus.

We may also note that since the center of mass carries most of the energy this fact is very favorable to the energy
transfer process after fusion that allows a new fusion cycle to ‘begin, therefore it becomes possible to produce
a macroscopic amount of superhecavy nuclei.

V(MeV) En(MeV) Eou(MeV) O fugon (barn)
Nitrogen 76.95 80.37 7591 ~0
Boron 56.18 80.37 76.82 1.17

It is clear that Boron (as well as Bervllium and Carbon) is an interesting element for a complete fusion with
uranium:

U+ UB - 2Bk" Hypothetical compound nucleus

Compound nucleus is in a high excitation state: It is the excess of energy remaining after formation of the
compound nucleus. This excitation energy is given by:

E=E,+4 E : energy of projectile
Q: energy of formation of the compound nucleus

Excitation energy depends on the formation energy of the compound nucleus. It means that in the case of an
endoenergetic reaction, excitation energy will be lower that in the case of an exothermic reaction of fusion.

Thus the calculus gives:
Ecpa = 92.13 MeV Vg = 58.31 MeV from which : O, = 1.58 barn
This value makes sense if we compare it with the cross section of fission of uranium by fast neutrons:

O .. = 0.55barn for neutrons with energy: E. > 2 MeV
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The mixture does not permit thermal fission because boron is present, therefore fissions of uraniumare produced
by fast neutrons created in-situ, that means the production of nuclear events of fusion is regulated by the rate of
uranium fission.

It must be noted that to obtain a macroscopical amount of superheavy element, we need a very intense nuclear
activity of fusion events and that our mixture should behave as a small nuclear reactor. The answer to that
question can be obtained from experiments taking in account that our production of Philosophers' Stone implies
a minimum of 10 billions favorable events of creation by second.

What could really happen?

This firstapproach of the mechanism conducing to SHE is necessarily far fromacality: It means that as soon as
uranium gets kinetic energy, ittravels inthe medium and may interact with light elements or protons. In the first
case, a classical energy transfer to light nucleus should occur. In the secondcase, proton could effectively react
with uranium giving an excited system that is now able to interact efficiently with light nuclei, butit could be
a transfer of some nucleons from the light nucleus to uranium; interaction of other proton could produce other
nucleon transfer. So the true mechanism could be a continuous interaction projectile - protons - light nuclei until
the creation of the first stable superheavy nucleus.

During the first 1986 experiment, as soon the flask wasput te rest in a cold place, its nuclear activity starts to
increase and continuous burst of radiations have beenobserved for each measurement of the gamma activity.
This fact could be related with the proposed mechanism of formation of SHE, because observed burst of
radiations, when working with a uranium mineral, may be only produced and explained by such new kind of
nuclear reactions since the mediumis not enriched with *°,, U or %, Pu. (A book: Crificalitv, proceeding of a
symposium about this subject of enrichedmedium has been published around 1975).

The SHE formation

This approach of the first fusionstep alsoindicates how the SHE will be created. It was thought at the beginning
of this study that it should existin'the chemical medium some intermediary products, an hypothesis that strongly
reduces the possibility of creation of SHE. To pass the instability Z barrier, the excited product of the first fusion
owns cnough energy to produce new fusion events. On its path in the medium the uranium projectile may
interact with protons and light nuclei as long its energy is higher than the potential barrier of fusion. Since the
absorption of protons is an exoencrgetic nuclear reaction, the compound nucleus will be in an excited state
probably favorable to new fusion events with light nuclei until the final compoundnucleus get amore stable state
and transmits its energy to an uranium nucleusthat will start the cycle of fusions. But the final nucleus may also
be disintegrated in the medium giving a detectable neutron burst.
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NATURAL COLD FISSION — NATURAL NEW ENERGY —
NATURAL NEW PHY SICS

Ceorgiy 3. Rabzi !

ABSTRACT

"Cold fusion" and "hot fusion" - are two antasonists whose uncompromising strusele will ether produce new
clean sources ofcheap energy and helpthe world overstep the threshol d of the third mall ennivm under the banner
of new physics, or prolong investing huge sums in toleamalkes. The struggele takes place in vour laboratories as
well, when in your cold fuson test cells, vou observe reaction products, such as elements, particles, and
phenomena alegedly inherent solelvin high-temp eratirenuclear reactions. Mo stoaften among these are tritinm,
helivem, silver, chlorine, iron, excess energy, as well as protons and neutrons. The variety of cold fusion cells
all have ajoint in the amor: their strochoral materials and reacting stbstances therein are chosen arbitraily.
The atternpts to understand the nabwe of the processes and the phenomena observed stem concorm tantly from
the results. We have heard about electrolysis, catalysis, chemical affinity, lattice-induced phenormena, and the
like,

This author is absolutely positive and has abundant repraducible results to support the conviction that so-called
"pold" and "hot" fusion phencmena are the outcome of radisactve-free low-temperature transmutation. In
tnaterial objects this process is induced by their gatire®presence of *-" and "+" electric charge fields which
interact continuously with the spatial electric field? Itds those interactions that govern all the processes bothin

the Umiverse and in cur devices. This authior"smumerous experiments unambisuously suggest that controllable
mampulation of the artifi mally intens fled spatial field promotes transmutation.

INTRODUCTION

[invite vou to join me 1n'the oental expenment with the ordinary cold fusion test cell (Fig 1) Letusbring it
from its conventionalippright position & through 90° into position B In thus doing, under the same low
ternperatures you will witness the increased number of the reaction products owing to the surnmed up fields in
the cell with the spatial field.

4

__j 1 E
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q] I ) T i P
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et o Esf I ____'._:2-—-- Esf
A B
FIs. 1

Fig. 1 Cold Fusion cell with spatial electric field (dotted lines).

! Uhminian Infernational Ercade ey of Orginal Ideas, Southern Branch, Odessa, Ukmine
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Numerous experiments in the likewise-arranged device substantiated an increase in the reaction products to the
extent that I name the products as low-temperature transmutation (or fission), but not fusion. The results, along
with the samples, were presented at the last-year conference [1].

The spatial ficld, ignored currently by the experimenters, exerts dramatic impact on every and all material
objects. It provokes transmutation which takes place under different but necessarily low temperatures. Thus,
at T = 36.6° C the spatial field interaction with carbon C" in our bodies causes its decay into C' signaling the
human body's ageing [2].

Such a challenging statement cannot be trusted unless backed up with serious arguments. To these I shall
proceed.

THE SPATIAL FIELD

The widely accepted fact that our Universe consists of positive and negative charges lacks one tiny detail:
unanimity of opinions as to what arc these charges. I will show later onthat they can be only and exclusively
clectrons and positrons. So-called "clementary particles” known today:- leptons, bosons, hyperons, and the like
- are nothing more than the intermediate products of high-temperature bombardment of the nucleus. They have
no natural stability, like ¢lectron and positron have. Electrons andipositrons stand alone among over 300
clementary "ghost™-particles for their highest specific charges £— and £_ . They are unexterminable and fill

M. m,.

the space at random. But their spatial distribution is never changed because an empty space is dielectric [3].
When interacting, electric fields of these charges sumaup to-form, respectively, spatial charges "+" of positrons
and "-" of electrons. The space in between the chargesis imbued with electric field lines self-emerged from
numerous electron-positron pairs, or neutrinos.. Theéir terminal charges q, =0.16 - 10 Cand g, = 0.16 - 10
C connect them, respectively, to the spatial " +"and"-" charges, and inthis manner the spatial materialelectric
field is self-emerged. Tt is in this field where all physical events with the objects of the Universe take place
[4,5].

The charges of electron and positron are their uncognized essence, something called Logos inthe Bible. "In the
beginning was the Word, and the Wordwas with God, and the Wordwas God". That s, these charges store and
under interaction with theficld give out all the information about any phenomenon: from gravitation to
restructuring in lattices.. Theirinteraction is primary. Itis primordial, always the strongest, twin reciprocated.
Self-attraction of charges vields self-motion of electron and positron. An oblate electron-positron pair = matter
= neutrino isself-emerged [6,7,8]. Greatvelocity of attraction between those pairs is born, and energy is released
when pairs collide (Fig. 2a).

THE NEUTRINO AS A BUILDING BLOCK

Being a particle of matter, a neutrino has both charge ¢, = 0.16 - 10** C and mass m, = 0.43 - 10*kg. Since
q, and q . charges ar¢ unexterminable, hence mass is also unexterminable. Let me please remind you that I
determine mass as a measure of the directional interaction between the nonexterminable electric charge and

spatial field [1]. Therefore, a neutrino is not a hypothetic particle (as modern physics states) but real
non-exterminable matter, the basis of the Universe.

From multiple neutrinos, through self-attraction of their microcharge fields, a neutron (n)is self-generated (Fig.
2b). Tt is further attracted to positron ™ producing proton (p) (Fig. 2¢). That is why proton and neutron are
essentially one and the same particle with only positron charge differing.
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The above considerations allow for explaining such aphenomenon as self-production of chemical elements in
the TThiverse - from the simplest atom to transuraninm ones - solely in terms of electron, positron, and neutring

charges,
ATOMIC FORMATION AND AT OWMIC WEIGHTS

The spatial field polarizes the neutron-bom proton. MNeutrino in thus oriented fiel d acquires spin -1/2 (Fig 2d).

Charge-conjugate interaction of all the neutrinos microcharge fields in neutron with all the anti-neutrinos in
proton results in self-generated by mutual attraction a proton-neutron patr. All its charges are compensated,

except for the positron charge captured by proton (Fig. Ze). An isolated positron in the atomic nucleus iz

impossible without simultaneously attracted electron, otherwise the system will not be an izolated one. Hence,
according to the full charge conservation law [8] each proton's positron 12 joined by the attracted from space

electron e decelerated by the spatial field force F=e E 4
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By analogy with the first pn pair of an atom, interaction of conjugate charges involves the subsequent pairs
whose orbital electrons correspondtothe number of thenucl earpositrons (Fig. 20 Inthismanner self -formation

of heawy and super-heavy (transuranium) elements proceeds only in those domains of space where low field
intenzity and about absolute zero temperature are found
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To wverify applicability ofthe discussed theoretical sequence ofthe chemical atoms sel f-formation the ahsolute
atomic waghts of all 104 elements in the Perlodic System were calculated using nothing else but electric
charges of positron, electron, and neutrino. Abzolute atomi cweights 100%: fitted the relative ones. The adopted
model helped place hydrogen, as well az zero group (Tahle). Note that hydrogen is the first element to he
self-generated and the pre-finite one in the complete decay. Calculations and analysis of the atomic maszes
corroborated the nuclet of all the elements (excluding izotopes) to consist of the differing number of solely
proton-neutron pairs. Dineutron and diproton cannotinhabit nuclei hecause they are unstable, decaying in 1072
seconds. [9]

Tahle I
Inttialweightof | Inputvolage | Temperature | Duration Dutput current Dutputwaltage | Finalweight of
the sample | (powersource) e h intensity obtained | obtanedfromPb | the sample
q K fromPhb W q
LA,
G.28 2000 a0 G a1 139 G5

Iy observations show instability to beinherent in all the elements of Pertodic System and hence 1n all objects
of the Universe. Instability 1z directly proportional to the number of the atomic orhital electrons. Itis a new
undeniable fact whosevalidity I clam,and insist upon, begause nature in the research was identical to the nature
of obyects under study [13].

Self-generation of elements 15 accompanied with the release of energy into the space, which elevates itz
temperature. Energy is accepted alzo by orhital'eletrons at the moment of super-heavy elements formation.
Weakly boundto the heavy element nucleus, electrons ofthe desired outer orbit, in their permanent interaction
with spatial field, are stnpped off the orbit, thut triggenng low-temperature transmutation. Without a stnpped
off electrory, itz field-bound positron af the proton becomes exposed. According to the law of constantnetel ectric
charge of an 1zolated system (atomethe positron 1s forced off the proton by the spatial field. Self-emerged 1=
the transmutation of the first proteteneutron pair into neutino v1 and anti-nentrino w1 Fission of the first
proton-neutron pair 15 compl eted when an 1solated system (atom) 12 created, but of alighter element.

4 TRANSMUTATION AND ENERGY

N%

%

Transmutation of an atomn involves continuously liberated radiation-free
intra-nuclear energy. Feleased into the sumrounding space are also orbital

A [ #] C electrons, proton's positrons, cettain number ofneuttinog and anti-neutrinos

as structural material for further self-generation of new elements. The

%f/ \ ﬂf* processes of sel f-generation and transmutation of ohjects inthe Universe are
D interconnected and proceed under low temperatures. It is by no means

| y intermittent vanations in the elements' behavior but a single, circular,

Esf continuous, and eternal process ofuniversa transformations. Our Universe

1z constantinits dynamics, sel f- emerging and transmutingin acircle (Fig. 33
Fig. 3. & - self emergence starts, decay

;ﬁaﬁéli}nliﬁ;;fﬂin‘:ﬂgﬁﬂg Fig 3 corroboratesthat both microworld andmacroworld —the Universe —are

€, Qg charges; C - self generation  ©qwally based on interactions of charges &', €, Op U,» The governing

stops, transmotation starts, CDUA - motive force that integrates the processes of self-emergence and

transmutetion of heavy elementsinto  self transmutation of heavy elements into a single, strictly sequential,

thefinal product (o', ¥, G G continuous circular process, which is a basis for vital activity of any
material object, is the low-temparature spatial field.
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Fission involves liberation of energy whichis partly utilized in fission of newly formed lighter elements whose
binding energy exceeds that of heavy elements. Therefore, in order that further fission can proceed, elevated
temperature is needed, but even in the Earth's core the temperature of fission never exceeds 5000° C.
Tremendous temperatures in the central part of the Sun can be related mercly to the huge (compared to Earth)
mass of the decaying proton-neutron pairs.

Unexplainable bursts of temperatures up to the utter destruction of test cells [10] strongly suggest that, resulting
from heating-induced low-temperature transmutation, a new clement has self-emerged in the cell accompanied
with the excess heat as by-product. Thus I claim that only and exclusively low-temperature transmutation
provides a new source of cheap and ecology-friendly energy. And this is the basis for physics of the future.

Transmutation of super-heavy elements in their massive aggregations inthe Universe always involves liberation
both of energy and lighter elements, and their gaseous derivatives, like H,, He, CHy, NH, as the pre-finite stage
of their finite transmutation into the charges ¢', ¢, ¢,.q,. Flectric charges,are'the products of transmutation,
the very "dust" of which the Bible says: "For dust you are and to dustyiowwill return.” That is why numerous
expensive attempts to fuse heavy long-lasting elements at temperatures as high as tens millions of degrees are
hopeless. Violated by high temperatures and tremendous energies, Nature will never engender sound offspring,
such as cheap abundant energy. New inexhaustible sources of non-polluting energy will be obtained by he who
is utilizing the spatial ficld energy [4,5,11,12] along with.the artificial combination of natural low-temperature
self-generation of elements and transmutation processes.

During these days we can diversely use energy released during transmutation in bodics and substances. I have
conceptual designs of the devices that:
a) help utilize the energy of fisgion particles to obtain heat energy in the units made of pre-included
constituent of heat-generating circuits for heat power plants;
b) enable immediate production of electric energy as by-product of low-temperature transmutation.

To make the above statement valid, the experiments were initiated in February 1995 where Pb underwent
transmutation at T = 780° C and standard barometric pressure. Reproducible results showed, besides new
clements, microcurrents of electrons from the transmuting Pb.

The paradox of these results cannot but puzzle: transmutation of Pb destined to produce lighter elements induces
an increase in the original weight of the sample. Analysis showed that the heaviest element in the Periodic
System - osmium - is responsible for eight samples which support the above statement. These samples were
handed at the last-year conference to Dr. G.H. Lin to be analyzed.

The discussed theory also gives clues to a number of urgent issues such as controllable enhancement of
transmutation to process atomic wastes into commercially feasible non-radicactive products. It enables one to
obtain long-lasting super-hcavy clements. Following the above considerations, a device was constructed for
accelerating and decelerating transmutation processes.

SUMMARY

The listed problems can be easily resolved if approached in terms of concepts introduced by my theory:
1. Nuclei of all elements consist exclusively of proton-neutron pairs.
2. Instability is inherent in all elements.
3. Transmutation proceeds under low temperatures only.
4. Self-generation and transmutation constitute a single continuous circular process of universal
changes.
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5. Spatial field of the electric charges is the basic factor which governs all the phenomena and
transformations of material objects.

My reportis supplemented with a tentative list of certain issues that can be understood and effected should the
above concepts be accepted by Science. [see Addendum 1]

Let me please conclude with a wish that advent of the new millennium be marked with the advent of new energy
and new physics.
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ADDENDUM 1
A List of Challenging Tssues Which Are Met Adopting Conceptual Approach of
the Works by G.S. Rabzi,
"Mechanism of Low-Temperature Transmutation' and
"Natural Cold Fission -Natural New Energy - Natural New Physics"

1. Physical essence of gravitation mechanism and zero gravity is disclosed. Twin paradox is explained.

2. Gravity in spacecrafts can be induced.

3. Possibility arises to determine neutron charge which provides for gravitational acceleration and magnetic
moment.

4. Explanation is found for the physical essence of the Cavendish experiment on determining the 7y constant in
the Newton's gravity equation. It is interaction not of ball masses but of their dipoles.

5. Gravitating mass and inertial mass are proved not equal.

6. Four known types of interactions are proved to be the derivatives of the basic andunique interaction provided
by Nature - charge, or electric one.

7. All sorts of interactions in the Universe can be described without introduced constants.

8. Elements' atomic size can be calculated without approximations:

9. Disclosed is the origin of T;,, = const half-life stability of elements and Am = 0.001 mass defect stability.
10. Explanation is found for similar density of the nuclear matter in different atoms not related to the number
of nucleons.

11. Understood is the cause of energy-radiating atom stability:

12. Mechanism of true (not averaged) energy quantum.emergence is described without approximations.

13. True origin of "+" and "-" charges in the Dirageguation™ E =+ym,c? +¢?p?  is shown.

14. Revealed is interference in the Michelson €xperiment and the resulting inconstancy of absolute velocity

C = 300.000 km/sec.

15. Explained is the cause of light beam aberration from a star to the observer on the Earth.

16. Explanation is found for heavy ians to be retained at sufficient height from the Earth surface.

17. Found is the way to generate transuranium long-lasting clements.

18. Atomic nuclei can be constructed from nothing else but proton-neutron pairs; originof the nucleons motion
and their trajectories canvbe determined.



smesd

.-

1 £q pargdnjem 21w wama2 am |p j» nqPrasm Jvmeye npasqe agl
V501391 @ =2 2Mreqasinem giua ‘ennnay - 1nd menised-usniagy - A

(Zviod ved0q 96850l wwerod | 666604 prood  s8v86T 687561 9Bsrsl]  pre9zel 78 9061 6881 £1'9581 17 7o
£OL T1[ 201 SN[ 101 PAN) 001 W) 66 I | 86 J0) £6 YA | 96 WD | <6 Wy | pe ®a| €6 IN| 26 0| 16 | 06 wi]
num.-u“ 0'_l3u<
o SiSH ETepel 91 EEST 94 £051] SB0apT 6B £5vT s07Ep1 868 80K 1 L688ET ST099¢] SOEREL VoVl KT LE7] Bl L]
3 wT] 0L QA | 69 ®mi| 89 13| 29 en| 99 da | <9 aL| »9 PO | £9 I | Z9 ws| 19 wy| @9 PN | &5 12 BS @
131138 U‘_l-‘.—lnuu
- — 80€ 7607 £9581  cravel 1< oval ]
| gel_ ®an| Lof sunj 9¢t Yun| Soi dwnjipei-bsn| g8 ay | 88 w| g8 4 % L
RET Ts6Ll BLYLLT 5L 09LI PLBSLT SOL'0SLE oLl SOVELL
98 Wy | SO W | s oJd| B 'a| Zd Rd . 18 | o8 SH| e =y #
0691] 50891 bL P91 £ Sr01 89'6091 15091 LL'9Bst SPT W2l 509221 L BIZI 79011 9
8L M| £L N | 9 SO| Si N | vL M| €2 | L H[NLS 1 95 r@| s§ ol ps ax A
T FAT3] LI FEZ3 T pLEN SPELTL 9601 & rL0l
. ; ES 1 1 IS 3L | 1S 95| 0s "s [ & W | @y pO| tr By ilA
T aseI| [T s aeon <9007 9'6L6 965d  SBEPEY zoig sg'uad S vad soetd (6B e/ 5
oy pd| Sy wa | wr ™} €v 1| Zv M| 1P M| o 2| &€ A LTBE S| L€ wd| 9t m in ]
R R Loy sko00d S6'6LY €159 arpsd D eseerd 17189 j
SE | pE 35| €8 Y| TE 30! 1E 0| o Wzl gz w A
TR 9wy  spi? £1€ 680G S04 00H oot 6eeop GLBYY © SSE868  wepeHE 75T ove v
82 !N | £Z @) 92 4| 62 "M KT | 2 A| zz u | 1z s | oz v &1 u| e 1y Al
T tecvzd  zs600d  LLZ e 60042 vovsd  L6sted  werold  geroll
£1 D) 9 S| S¥ 4| vy s | 8 v |y VW] 31 Nl @1 aN i t
T T 9066y [ 6LT°LET z20ell Vus vd 188 bk e 0T+6¢ £05 74l
& 4| 8 ol ¢t wm 9 o S A |¥r @ g v1|z am il ¢ |
R 54z £0PI 969°SH
o Z_H I H & I T
A A 1A A Al I _n 1 ) 20y pouag |

sjeamary je wdnesn

(sweig wy) dusig &137 piva mamaly je masds sipeuiag s asajapuapy




192 Journal of New Energy

POSSIBLE PALLADIUM-RELATED NUCLEAR REACTIONS

Shang-Xian Jin and Hal Fox !

ABSTRACT

The recent discoveries by Bockris and Minevski [1] and by Mizuno et al. [2] of apparent numerous low-
temperature nuclear reactions has challenged current atomic models. By making the-agsumption that standard
conservation laws for nuclear reactions would be preserved, a large variety of possible nuclear reactions have
been proposed and checked for obeving conservation rules. The purpose of this paper is to present a list of some
possible nuclear reactions between palladium isotopes and the following single particles: deuterons, protons,
neutrons, and alpha particles.

A. INTRODUCTION

The recent reports of a considerable number of anomalous nuclear reactions reported by Bockris and Minevski
[1] plus similarresults reported by Mizuno, et al. [2] challengge the current atomic models. In order to get a better
understanding of how such nuclear reactions might possible occur, the authors have compileda list of possible
nuclear reactions. In compiling this list, the authors have used the well-accepted concepts of conservation
principles to determine which nuclear reactions involving deuterium (d), protons (p), neutrons (n), and alpha
particles () could occur. Each resulting nuclear reaction has been checked for obeying the conservation rules
of energy, baryon number, charge, spin, parity, and isospin. No attempt has been made to explain how the
various particles can overcome theCoulomb barrier to cause such nuclear reactions. No attempt has been made
to rank the reactions according to'probabilitics. Also, no attempt has been made to consider all of the possible
nuclear reactions betweenthe particles and the secondary nuclides produced. Some of the experimental results
given in references [1}.and [2] suggest that whatever process is promoting nuclear reactions with the palladium
could possibly cause nuclear reactions to occur with isotopes or elements produced by the initial palladium
nuclear reactions.

B. LIST OF POSSIBLE NUCLEAR REACTIONS

The following five sections list many (butnotall) possible nuclearreactions. Section 1 listthe reactions between
deuterium and various stable palladium isotopes. Section 2 lists the possible nuclear reactions between protons
and various stable palladium isotopes. Section 3 lists possible neutron reactions with stable palladium isotopes.
Section 4 lists the possible nuclear reactions with alpha particles and various stable palladium isotopes. In
sections 1 through 4, the end products from the nuclear reactions all produce smaller mass elements. In section
5, are listed some of the many nuclear reactions with stable palladium isotopes that can produce higher-mass
isotopes and elements.

In all sections, when aradioactive or metastable nuclide results (marked with an *) the natural radioactive decay
for that nuclide is shown indented from the left margin. For such nuclides, the half-life is given, and followed

! Fusion Information Center, P.O. Box 58639, Salt Lake City, UT 84158
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by the chain of radioactive events (with the emission of alpha, beta, or gammas). The energies of the emitted
particles are alsoshown. In all cases, the energy of radiation for alpha and beta particles are shown in Mev and
the energy for gamma-ray emissions are shown in Kev.

The following arc the list of symbols used:

symbols; time:
o alpha particle MS milliseconds
[} negative electron S seconds
[}* positron M  minutes
Y gamma ray D days
p proton A years
d deuteron
n ncutron
t triton s radioactive ex metastable nuclide
¢ clectron capture w  weak
IT isomeric transition v very weak

conversion electron

(.Dl

(energy of radiation in Mev for Alpha and Beta, Kev for gamma)

In section 5 the dotted lines (two places)indicates that there ate many other possible nuclear reactions that could
occur and obey the various conservation rules. The choices of reactions made by the authors were determined
by analyzing data that was provided by Bockris and Minevski [1] and by Mizuno, et al. [2].

1.d+Pd-C+D+..

d+ ,xPd% - LRh™  +q+7.75Mev
d+ ,Pd%® - LRW + @106
d+ , Pd"® - L RW"™  _sa7.40
45Rh104* L, #3 e 2a4 v 3558, 46Pd104
Rh106* S5 29.95-[3_ 3.54; v 511.9.621.9 g Pd106
45 46

45Rh1°8* S lZal 454339, 6188 46Pd1°8

d+,Pd® - JI#f +,Ru® -066
d+ , Pd* -+ I1#f +, Ru®™ -114
d+, Pd% - JI# +, Ru® -1.70
d+  Pd% -+ I# +, Ru® -175
d+ Pd® - Li¥ + Ru™ +0619
d+,Pd"® - 1 + Ru'% -297
44Ru106* o Loz ADT 00394 45Ph106* o, 29080 340y 3519.6219 46Pd106

d+ ,Pd® - i +,Mo™ +a-289
d + 45Pd104 = 3Li6 + 42M096 + CC - 399
d+,Pd?” - LI +, Mo +a-424
d+ Pd* - Li# +  Mo® +a-517
d+ ,Pd® - I + Mo +a-372
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d+ ,Pd® - Be® +,Tc™ -880
d+4Pd® - Be¥ +,Tc  +4.14
-+ Be® + ,Tc!?  -105
d+ Pd® - Be'” + T  -0.148
= Be® + ,Tc!%  +6.27
d+,Pd" - B + T -321

= Be'” + 5T +4.80
100* 13.88:673.4.29: v 3395, 5908 100
Tc ~ -, Ru

43
" A pigs
43TCIO2 L 44M3 1.8y 4751.6281 _, 44Rumz

L 3380423420y 4751 |, ygl02
44

d + 45Pd104 — 4B66* + 42M099* + p = ].84
d+ Pd” - B +,M0®  +p-150
d+ ,Pd% - Be* + , Mo +p-189

- Be¥ + ,M0®™  +p-3.04
d+ ,Pd® -  Be* + , Mo +p-1.67

+ B +  Mo™ +p-733
d+,Pd - Be!™ + Mo™  +p-116

d+ ,Pd% - Be™ + ,Mo®™  +t-24.1
d+  Pd%® - Be* + Mo +t-232
- Be¥ + Mo #1-7.38
d+  Pd"® - Be¥ + Mo - 116
- Bel™ +  Mo*™ | +t-16.8

SMo®" o AMIDE LA HOS TR, T o SURINIMRT2LI05E 045 | Ry

% T 22301010 5009 10125 k. o i
Mot ab ¢ M0 Tl o M2MP LIS | Rylol

d+ Pd® - Be® %t , Nb*  +a-141

d+ ,Pd® - Be* +,Nb® +o+2.75

d+,Pd"" - Be™ +,Nb®*  +0-673
Bet - MEALEZ.a

Be® - ZELIg2c0064

4B610* _. LGEG AL Q356 _, 5Bw

JBell” - LEsplLsoayus o, pu

JBel? - LMsS . BRI W20 MEE BIT8 L OB

oNBE* — SLMET 23,10 BISTNT M

L 980 46v7873.10240 42M098
d+ ,,Pd” - BY +,Mo® +n-6.60
d+ ,Pd” - B +,Mo™ -1.35

d + 46Pd104 = 5B12* +42M094 5 124
d+ , Pd® -+ B2 + Mo®  -093
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d T 46Pd106
d + 45Pd108
d o 46:Pdlll)

d o 45Pd102
d + 46Pd105

d+ Pdos
d -+, Pdios
d + ,Pdue

d + 46Pd106
d + 46Pd108
d T 46Pd110
d+ Pdm
d+ Paios

d + ,Pdi
d+ Pdm

d + 45Pd102
d N 46Pd104

d+ P
d+ Pdos
d + ,Pdwe

d + g Pdio

12%
B
12%
sB
*
5B12

10
sB

g%
sB

"

B

12+
B

10*
L
12
A
*
6C14

%
+pMo

+ 42M098
+ ,Mo'®

6
+ pMo"

g+
+ 4Nb

-1.34
+1.35
-2.39

+1n - 6.60
+p-22.0

~ M L4 @BIS0.QAIST |, RS

_, 202 MS:371337:v4439 (602 6C12

og*
+ ,Nb
og*
+ 4 Nb
+ 41Nb98*

- 8.96
+10.1
-5.29

98* S1M:5 2.3, 1.9:v787.3, 722.7 98
41Nb = __IB s LIV LS 2] 42M0

—, 29807 46:y 7873, 10240 _, 42M098

10*
A
12
6C
*
6C14
16*
&)

10*
&)
6Clz

14*
X

*
6CIO

*
6Cl4

12*
N

12+
N
7N14

14
N

+ 4021'97*
+ It
+ 402137*
= 4ozr97*

- 4021'97*
+ 217
+ 4OZr97*

+p-158
+p+3.25
+p-158
+p-10.2

+1t- 2001
+1-6.22
+t- 748

19350 L8 TI8S B
_, 5730A:57 0457 ., 7Nl4
16* b 16%* IkEACH 1044y 6129 7115 16
6C _ LIFEDy 7N — 427, s SO
4OZI‘97* LS ERTLO 33 41Nb97*  LBHEP L2Txess 42M097

+ 1™
oy 4
+ o™
- 71
+ B
+
+ g1
+ Gl
i
o

-3.68
-6.36
440 32
+9.0

- 6.96
+7.63
- 8.68
-9.46
#0921
+3.21

93* _ 1.5EG A 0.060:y30.4 93
Wl Ll s nlND

* e : * 2 :
IV ot 64.02 D:[3” 0.366,0.40:v 756.7. 7242 _, o ND¥* — 24k D Llsv2041 Mo®

A

sy 34.97 D37 0160y 763.8 sy

98* 30.7 87 2.2 9g* SIM:™2.3.1.9:v 7873, 722.7 98
oZr%% » WIS | NP o AMP 2L I IRT | Mo

L 2086 46y 7873, 1040 |, |
42

95
nMo
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d+Pd® - N+ S + o+ 8.63
d + 46Pd106 — 7N12* + 3831'92* + OC o] 136
B e S + ¢+ 0.597
d+, Pd® -+ N + 8 +o-14.4
-+ NY 4 S + 0o+ 4.25
d+  Pd?® - N o+ S +e-1.75

7N12* 110 MBT163:v 4439: (3610192 _, 6c12

d+ ,Pd®? = JF 4.8 +8.85
d+ Pd™ - JF¥ 4+ .55 +10.6
d+,Pd® - F¥ 48 +10.1

d+ ,Pd% - F® 4 5 +8.29
d+  Pd%® - F¥ S8 +8.66
d+ ,Pd® - B 4 S +2.66

d + 45Pd102 = 9F19 + 38SI‘84 + n- 3].0
d+ Pd* - F®° +_ 8% +n-0.71
d+ Pd® - FY +..8% +n+2.20
d+ , Pd® - F®° +_ S +n + 359
d + 46Pd110 T 9F19 + 3381'92* + 1’1 r 1.23

3SSr89* - RADE LAE0YP 39Y89
ST - WLAUTOMG o 90T, QGTDE v QLY 21862 7490
— LRI A0S 20055 0 BISS 7490
3831.92* 4 LILHLT 03413840 39Y92* L RSAHS 1640 9343 14034 4OZI.92
eSO MNP OB YT YO s IBIMD AN IST LSS, 300 | 70

d+ ,Pd®? - J¥ 4+ Ki*? + o+ 2.50
d+ ,pd™ JB 4 K™ + o+ 2.86
d + 4sPd'% ) S +o+3.20
18 LSIOHP QS . ()8
oF O
d+ P e + RV +329
WNe?" + RV +590
d+ ,Pd™ WNe™ + R + 7.94
37Rb80* - Uef dlevess 36 K™
S RDS? - GALLER Q80 7165, 343,600  _ Ky®2
o L2SSMP 3ey 768 o 82
36
d+ ,xPd™ WoNe' +5K™ +p-14.0
d + 46Pd104 IONGIQ* + 36KI‘86 + p pocd 2.06
d+ B e+ K +p-6.10
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d T 46Pd104
d + 45Pd106
d o 46Pd108

d + 46Pd104

d+ Pdo
d + ,Ddlos

d + 46Pd102
d + 46Pd104

d T 46Pd106

d + P
d + ,Pdos
d + ,Pdws

d + 46Pd106
d o 46Pd108
d N 46Pd110

d+  Pdios
d+ , Pdos
d+ P

d+ P J1o
d+ ,Pd
d+ P 1%
d+ ,Pd%®
d+ 46Pduo

19# 4
e 4, K

19* 86

19* g+

36KI88* _, 284 H{™ 0.52.2.9:v2392.1.196.3

10N624* +35Br78*
1w0Ne?? + 5B
oNe® + B
10N624* +35Br8°*

10

+1t-10.5
+t-9.85
+t-10.4

+o+0.74
+a +521
+ o+ 3.33
+ o+ 2.68

Nelot 1222 57 224 £y 1099, 13568, 19

9

N2t — 138 MP Losy 73, N2

12N[g26 + 35Br78*
Mg? + ; Bré”
12N[g28* + 35B1’78*
12Mg28* + 35Br80*

35

11N324* _, 14.96 H3™ 1.391:v 1368.6, 27.

+14.9
+15.8
+12.2
+14.1

_, 202 M8 TT472.3; 3~ ~6

By - GSMP zaaeint o gffs

HEIN'a 7 78
- M L™ o K

35

B0 . LIS6ME 200y 51667, 36K130

~ LLGEMES 0S5V 6639 | Get0

27+ 78
pMg™" + 55

27+ 20
pMg™" +5,5e

27+ 82
pMeg™ + 5e

27+ 78
Mg+ 55

27+ 80
Mg™" + 5,5

27+ 82
Mg+ 5,5

24 o
Me™ + A8

2 80+
ME™ + 5As

28+ o
ME® A

LM - EEE ILvIRRe . Np2' s 20AS QMG EVLIS N2

+p+8.05
+p+8.29
+p+11.5

+t-0.105
+t+4.00
+t+2.02

+ o+ 6.50
+o+12.2
+o+915

5 - .
uMgz"/ . 945 M3 1.75.1.59; g1v 843.8,1014.4 _, N

uMgZS* _, 2LOHEDET 0450:v306,134023 HAIZS* _, 223 MLP 286 ¥11790 14Si28

-26*
1l ggAs

ST+ A
T
1S+ 5 As®
Si%% + 33AS80*

80*

14

+2.63
+ 8.86
+16.5
+22.8
+ 20.6

80* L[ 7] 0
AT o 6EFTLAATNERD G

sg* . 17.0 M~ 5,310y 1636.1.898.1 88
— 5 Rb™ e = 3851

40 - Mg

24
~+ Mg
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d + ,Pd®
d+ ,Ddlos

d + 46Pd106
d o 46Pd108
d 4 46Pd102

d+ , Pd®

d T 46Pd102

d + ,Pdo

d + ,Pdos

d + 46Pd108
d N 46Pd110

d+ Pd

d + ,Pdi

d+ P
d + 46Pd106

d 4 46Pd108

-39
1451

:29
1451

.29
1451

-39
1451

151"

14
1451

126%
1481

14si27* _, 414807 3.85:y

76
+ 3,Ge

TE*
+ 43,Ge

76
+ 4,Ge

78+
+ 3,Ge

+ 31Ga70*

S 4 ™
J2* + 31Ga70*

+p+11.5
+p+9.62

+t+3.39
+t+ 533

+o+16.12
+o+14.0
+o+14.3

_, 22350 383v829 26% _, 634580 321 _, 26
13A1 12NIg

o ZIES AL LIZ v 18086 _, uMg“

20 ., A1

32¢ | LOE2 AL 0221 2% 1428 D0 1709 32
1451 ~ LoE AP __’15P3 _’__“B__’lss

68* 1.130 H{3~ 1.809.2:v 10773 68
31Ga — L130 I3 1899.25y — 3OZH

31

Jo* 21.1 @7 1.65:y 1039,176.2 70
Ga” - — = —+ 40Ge

% L[4~ L
:BASSO L, 1680 5.4,4.7, 665.9 A:MSGSO

0*
15P3

2
15P3

A4
15P3

0+
15P:3
pEd
15];'3
4
ISP3
0+
ISP3
2
15P:3
4
15P:3
P
15
4
ISP3
P
15

15P29*
15];'31
15P33*
15P29*
15];'31

3+
15P3

Pt

T 32G€74
72

+ 5,0e

+pGe™

o 32(}e?’s
+ 32Ge74
o 32Ge72
+ 32Ge78*
N5 32Ge76
| 32G-e74
bl 32Ge78*
o 32(}e?’s
N 32G€78*

o 32G€74
+ 32 Ge72
o 32G€70
< 32(}e?’s
A 55 G€74
T 32Ge72
+ 32Ge78*
+ 32Ge78*
< " Ge?ﬁ
+ 32Ge‘74
4 a7 Ge?S*
+ 32(}e?’s

+23.1
+:22:1
+20.6

+21.4
+921.5
+21.1
-+ 19.4
+ 20.8
+21.5
+ 227
+24.7
+21.4

+n+7.51
+n+14.2
+n+14.1
+n+5.82
+n+13.5
+n+14.6
+n-4.42

+n+3.89
+n+12.8
+n+15.0
+n+14.8
+n+18.1
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d+ ,Pdie

d + ,Pd

d+ P

d+ Pdoe

d + 45Pd108

d+ Pd?
d + ,Pd

d + ,Pdios

d + 46Pd102

d + ,Pdo2

d + ,Pdi

d + 46Pd106

d + 45Pd108

3* T8*
15P3 + 32Ge

32

1527+ 5eZn™
15P32* + 3021168
1P+ 5 Zn®
15P30* * 30ZH72*
1P+ 5eZn™
P o+ , Oznss
5P+ gz
1P+ 5eZn”™
15P34* + 3021172*

+n+14.9

+a+12.5
+o+17.1
+a +16.5
+o+9.64
+o+ 152
+o+16.1
+0¢+13.2
+o+ 152
+o+17.2

g+ 0.270 S:157 11.5:v 1779.0 128
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C. SUMMARY

Without addressing the issues of howdeuterons, protons, neutrons, or alpha particles can overcomethe Coulomb
barricr [3], alist of some of thenuclear reactions permitted by energy, baryon number, charge, spin, parity,
and isospin conservationrules has been presented. This list should help the experimenter examine some of
the possible nuclear reactions that could explain the results observed in recent experiments [1,2]. This work has

been accomplished assuming that the conservation rules will be observed in all low-energy nuclear reactions.
Any replicated experimental evidence to the contrary will assurethat the current atomic model should be revised.

The authors would appreciate any corrections and/or additions to the above list.
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THE COMPLEX CONDITIONS NEEDED TO
OBTAIN NUCLEAR HEAT FROM D-Pd SYSTEMS

J. O'M. Bockris !

ABSTRACT

The I)/Pd system does not show nuclear effects until after several hundred hours of electrolysis although
cathodes become saturated with IDin 1% of this time. Even then, only a small fraction(10-20%) of electrodes
manifest nuclear reactions. More than one-half of the anomalous heat arises from nuelear reactions involving
the metal atoms, with gain or loss of protons. The gap in time between thessaturation of the substrate and the
switch on of anomalous heat is taken up by the gradual spread throughott the electrode material of a statec of
damage. The damage gives rise to anincrease in an internal dislocation.concentration. On the dislocated arcas,
adsorbed protons lose their charge and are susceptible to incorperation into the substrate nuclei.

The irreproducibility arises from the effect of adsorbed impurities from the solution. These influence the
desorption mechanism for H or D evolution which in turn cause.changes in the internal fugacity of H, or 1D, and
thus affects the spreading of internal damage, and cracking. Traditional concepts of cracking refer to extreme
cracking when a massive number of connected cracks.reach the surface and decrease the internal fugacity of
deuterium. Internal factors affecting reproducibility arise because the technique making the Pd (or etc.) varies
the grain size and this affects the spread of thedislocation-loaded arcas.

Anodes of Pt dissolve and the Pt contaminatesthe surface of the electrode. Doped TiO,, NiO, and LaNiO, are
good anodes. D, and H, anodes climinateianode dissolution. Insufficiently investigated are alloying and its
effects on mechanical properties and the spread of damage.

INTRODUCTION

When Fleischmann and Pons [5] reported their discovery of anomalous heat production in ID-Pd cathodes, they
did not mention two characteristics of such systems.

(1) Using small cylindrical electrodes, it is necessary (usually) to electrolyze for more than 300 hours before
anomalous effects are seen.

(2) Ewven then, only about 1/5 of the ¢lectrodes show the anomalous behavior within 600 hours.

This (rather than prejudice) is the heart of the difficulty in acceptance of the phenomenon. It is so difficult to
find the conditions which give anomalous results 2 Nevertheless, some of the experiments will repay the patient
experimenter with a display of astounding and entirely anomalous nuclear phenomena (X rays, heat, tritium,

. Department of Chemistry, Texas A&M University, College Station, TX 77843-3233

% Inthe original announcement on TV, it wag stated by Fleischmann that — contrary to appearances — it wag a difficult
experiment. In retrogpect, this seems to have been understood in British idiom. Translated into American it reads: "Terribly
difficult, needing enormous patience, time, and much skill."
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helium, other new nuclei) as has been shown by several hundred scientists in dozens of countries (in more than
1000 publications) over the last seven years.

This paper provides some insight into ways in which this frustrating situation may be interpreted, - and perhaps
improved.

THE FACTS OF THE IRREPRODUCIBILITY

The gross facts have already been stated above. The likelihood of success depends little on the pretreatment of
the electrode (cold working, polished surface, Pd black, etc.) [1] Three picces of Pd from the same rod may be
"dead" (i.e., behave classically) while the fourth produces tritium [1], or helium [2] and heat, etc. The purity of
the solution has a counter-intuitive effect, i.e., solutions specially purified are less likely to be the source of "on”
displays than solutions made from ordinary distilled water. Some additives (e.g.; thiourea) increase the
likelihood of observing anomalous heat. [25]

There are several ways of increasing the likelihood of producing heat, and two of them are related.
1. Saw-toothed cycling. One cathodically polarizes, gradually making the potential more negative over (e.g.)

one hour and then reducing the overpotential to zero and beginning to rise towards the negative again. Repeating
the saw tooth for several days tends to produce anomalous heat more quickly than does steady state polarization.

[3]
2. Cathodic-anodic pulsing. There is evidence [4] that pulsing the electrode from the potential for hydrogen

evolution to that of oxygen many times is effectivein stimulating nuclearactivity. However, the periodin timing
and potential amplitude have not been studieds?

Is a Post-Saturation Effect a Vital in Qbtaining Significant Heat?
1. The switch-on time.

Since 1989, it has been assumedthata D + Dreaction is the origin of the nuclear phenomena which are alleged
to give heat."

Thus, the reaction
D+D-He'+vy

2 Apart from the bagic difficulty that the US government funds cold fusion work only in its own laboratories (no external
funding), another matter is that few of the researchers engaged are physical electrochemists. One finds, e.g., that an experienced
researcher with several publications reporting low temperature nuclear phenomena, will ask: "What is overpotential?" However,
the log-rate of tritium production has been found to be linear with the overpotential [2]. Lack of observation of the individual
electrode potential controlling the rate of the trittum production exponentially is one cause of the large variation in rate reported.

Unfortunately, this absence of researchers who understand potential measurement and control of individual electrodes, who know
Luggin capillaries and reference electrodes, - applies particularly to the well-funded Japanese group in the Institute devoted to
low temperature nuclear reactions in Sapporo.

* Most persons aware of what is misleadingly called "Cold Fusion" believe that the studies were begun by Fleischmann and
Pong. It seems likely, that thig was the honest opinion of these workers. However, low temperature nuclear phenomena were
reported in modern times by Borghi. [6] French work was led by Kervran [7] and Japanese work by Kushi. [8] Most remarkable
ig that an intense study of the production of neutrons by pasging a strong current through wires was carried out is US Government
labg in the 1970's/ [9] It seems strange that his was not brought out in the violent rejection of Fleischmann et al's early work.
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has been cited as a possible mechanism. [10] However, measurements of He! from electrodes under high
overpotential [10] gave only about 1/3 - 1/2 the ITe* in the gas phase necessary to serve as basis for the observed
heat in the Pd-D system, i.c., somewhat more than one-half the heat arises in some other way.

There have been a number of reports inthe last few years which describe proton capture reactions, i.e., nuclear
reactions in solids containing dissolved Hisotopes in which not only isotopes of Pdbut also new nuclear specics
are detected from reactions in the cold. There is evidence for fission and fusion. The reaction rate is small but
unmistakable, in some cases being measurable by 7y -ray spectroscopy. In experiments other than those in the
original D-Pd system as much as 56% of stable (non-radioactive) new nuclei have been found present.

According to Kucherov et al. [11], new nuclei (other than I and Ie") found as a result of plasma formation
between Pd electrodes in a D, atmosphere may contribute significantly to theanomalous heat arising in such
systems. The formation of many new nuclei in solid systems, some containing HorD, was reported by Karabut
ctal. [11]. Similar findings have beenreported more recently by Bush [ 12); Mizuno [13], Ohmori and Enyo [14],
Dash [15] and others.

On this basis, it seems reasonable to hypothesize that in D-Pd cells, ingeneral, reactions of the kind:
Pd+ H or D - NewNuclei

can occur and that the formation of such nuclei forms a component of the heat observed in the Fleischmann-Pons
phenomena. Circumstances necessary for the function of these reactions must be taken into account in any
consideration of the several hundred hours of €lectrolysis which may be necessary to bring about a switch on
of nuclear activity in D-Pd cells.

Thus, the time to reach saturation with D after the switch on of electrolysis will be dependent on the electrode's
shape. Detailed solutions to Fick's Second Law for objects of varying shapes are given in Moelwyn-Hughes [16].
However, the time it takes for a diffusion front to reach a distance R (the radius of cylindrical electrode) can be
roughly computed from von Schmolokowski's simple equation.

R° = 2D7 where D is the diffusion rate and 7T is elapsed time.

Then, withD = 10° cm? sec? and A = 1.5 mm, T =5.10% sec ~ 3 hours. But this is much less than the many
hundreds of hours reported as the switch on time for the commencement of nuclear activity. The value of D
used above is forthe initial diffusioninto the metal. Asthe ID/Pd ratio increases, D falls [17]. However, it would
have tofall to less than 10 cim? sec® with increasing D concentration to give the correct order of magnitude for
the switch on time and this decrease seems unlikely. Indeed, there is evidence that the heat producing activity
occurs in the surface layer, e.g., 1L deep, and the H diffusion front would reach such distances in around a
millisecond after switch on. The switch on of nuclear activity needs hundreds of hours and hence some
additional factor apart from D/Pd = 1. We know that this factor depends intimately on the crystal structure of
the Pd; and on the surface concentration of impurities, for this factor affects the surface activity of the adsorbed
D intermediate in D, evolution which in turn (together with the overpotential) controls the fugacity, [18] of the
dissolved D, and that of D, in internal voids (in which pressures > 10 atmospheres can be reached).

Is the factor, to start proton capture reactions of the type described above, the attainment of highly concentrated
dislocation areas within thePd? Is the formation of such areas rate-determined by the gradual spread of damage.
(See Fig. 1)
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Triaxial point (meeting of dislocations)

a) Internal crack, semated surface. Void contains D2 at high
fugacity, which helps spread of cracking

It may be that the need for impurities in
the solution (adsorbed, therefore, on the
electrode), is to affectthe mechanism of
the hydrogen evolution reactionso as to
give high internal D, fugacity in voids in
the metal. Thus, it seems reasonable to
suppose that the right degree of internal
cracking is the prerequisite for nuclear
activity. The need for this to occur to
a sufficient extent may be the factor
which delays for so long the onset of
nuclear activity. Cracking is usually
regarded by workers in this field as a

tactor inimical to the switch on of
nuclear pheénomena. Indeed, cracks

D o

% Hositege which reach the surface leak D, out of
“thesystem and reduce the fugacity of D

T in'the metal.

x {ct. Fig. a)

Before the work of Minevski [39], it

was not realized that internal damage
_begins inside Pd electrodes at quite low
| overpotentials (1 ~ 0.2 v) and hence is
| always present within a few hours after

initiating an experiment. Workers who
talk about "cracking" mean sufficient cracking to give channels to the interface (i.e., D, escape).

b) Spsculative pramontory as sile of nuclear activity.

FIG. 1, Possible sites of internat damage at which nuclear activity. may be initiated.

Bockris and Flitt [20] published photegraphs of the sporadic movement of cracks under mechanical stress inFe
saturated with H. Such cracks develop large numbers of dislocations. Bockris and Subramaniam [21] calculated
an increase of H activity at dislocations (as a function of overpotentialyand found that it reached several orders
of magnitude over the Dy, activity on planar surfaces [22]. Do the dislocations arising from the spreading of
cracks (Fig. 1). which.cause.super high surface activity of adsorbed deuterons which is the factor leading to
proton capture (D*with Bd)? Ts the key to the observation of anomalous heat and new nuclei the spread of D (or
H) damage up to but net including the condition for escape from the surface?

Such a hypothesis would lead to some interpretation of the irregular and unpredictable functioning of the
phenomena would come within the horizon of explanation. Uncontrolled surface impurities from the solution
would determine, adventitiously, the mechanisms of D, evolution, hence the magnitude of the internal D,
fugacity, and in tumn, the degree type of cracking. High overpotential would increase the internal D fugacity
though the extent of this factor would depend on the mechanism of hydrogen evolution) but the extent of
adsorbed H atoms likely to undergo proton capture is schematically displayed in Fig. 1, would depend on the
degree of internal broken areas and voids. The spread of internal damage with time would lead to switch on
and the bursts of activity characteristic of the phenomena (including the sporadic spreading of cracks: then
stopping, then moving on, etc., observed by Flitt, Revie and Bockris[20]. Each new burst in the crack spreading
would give greater heat than the last as more internal surfaces were created, a phenomenon clearly observed by
Hodko and Bockris [22].

Thus, to obtain nuclear phenomena would need several conjoint happenings: one of these is the right degree and
type of impurities in solution to give adsorbed surface material which in tum influences the mechanism of
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hydrogen or deuterium desorption and thus, the internal fugacity and tendencyto crack.” Another is sufficiently
high overpotential to create a sufficiently high internal fugacity for the deuterium evolution mechanism to be
operative.

But why do some picces of Pd work, othersnot, - from the same rod? Is it possible that relatively small changes
in grain size can affect the internal spread of cracks? Could such local changes in internal structure arise from
thermal irregularities in solidification or cold working in rod manufacture? Or is the function of certain Pd
specimens always due to the surface impurity content which could vary with cach solution?

K. Shoulders[40] has recently suggesteda model forthe occurrence of nuclear reactions within solids in the cold
and his model also depends, as the present one, on damage. It would thus also be consistent with the several
hundred hours delay before switch on. Therest of Shoulders model involves a concept of "clusters” of electrons
which would undergo acceleration under local electric fields. The energy of these aceelerated electrons, would
be the origin of the nuclear reaction.

Importance of the Substrate Thickness and Mechanical Properties

Although one critical factor for the attainment of nuclear activity has been put forward as intermediate degree
of internal damage, other factors arec important.

Thus, the thickness of the electrode (controlling the time to:saturation) is important. It might be thought that the
thinnest continuous surface film of Pd on some non-interactive substrate (e.g., Ni) might be optimal. However,
according to the experiments performed by Minevski [19], the formation of new nuclei does not begin in Pd until
a depth of ~ 1 [23]. Hence, a thickness greater than 1} but as thin as is practical with this condition (say,
104) may be the most appropriate thickness.

The ductility of the electrodeposits is easily controlled by means of a variation of the overpotential and by the
nature of concentration ofadditives [24]. Because of the importance of the right degree of cracking, the ductility
of Pd becomes of importance and thig may also be varied by means of electrochemical techniques [24] (control
of overpotential, pulsing regimes;ssupcrimposed a.c., ete.).

Codeposition of D, with Pd.
The reversible deposition potential for
P& +2¢-Pd

is +0.951 on the normal H scale; and thatof H, at pH 14, 1° -0.812. Hence, at any overpotential (and also with
acid solution) Pd will be co-deposited with D, evolution.

This co-deposition increases the advantage of the electrochemical method for the formation of a successful
system. This cffect was first evidenced by Szpak and Boss [25] (cf. also Hodko and Bockris [26]), who

codeposited Pd and D, onto Au substrates and found that it greatly reduced switch on time (~ 50 hrs) for the
production of nuclear residues compared with those for a solid cylindrical electrode (~ 500 hrs).

* Inan erudite and detailed discussion of the factors which have to be conjointly present if one ig to obtain a switch on of
nuclear activity, Storms [38] dismisses cracking as wholly negative. But he means "cracks which reach the surface and release D,
into the ambience.” Storms concenftrates on D + D reactions and neglects the Pd + D — new nuclei aspects.



Bockris 2158

Importance of a Non-dissolving Anode

The adsorption of impuritics on the cathode is helpful if the impurity (as tends to be the case) increases the
deuterium overpotential for a given cathodic reaction rate [27]. The walls of the cell and the dissolution of the
anode are importantsources of impurities (SiO,, Pt). A platinum anode (frequently used by many workers in this
field) has a reversible potential for

Pt*' + 2¢ - Pt of 1.118v (Normal H Scale).

At pH= 14 the reversible potential for O, evolution is +0.42 (Normal H Scale). Atacurrent density of 1 amp
cm?, the oxygen over potential on Pt at 25°C can be roughly estimated by the approximate equation [28]:

= 2RT/F lniA,

where R is the molar gas constant in J per mol per °K, T is temperature in °K, F is the Faraday, or charge on 1
mol of ions in Coulombs.

Ifi, is taken at 10™° amps cm” and 1= 1 atmosphere cm”3.7] "= 1.12. Hence, the Pt dissolution would occur
under an overpotential of (1.52-1.12) =+ 0.40 v. Werethere to be no other reaction occurring on the Pt surface,
the dissolution rate would be (withi, = 10 amp cm™?),

i= 10X 10*= 10* amps cm?

However, the partial rate will be muchless than this because of the competing O, evolution. If this reduction
is given by the ratio of the calculated Pt dissolution to that of O, evolution at 1 amp cm* (both for 1 sq cm of
occupancy), the effective rateis ~ 10.%10° =107, A rate of 10" amps cm™ ona bare surface without competition
would become an effective rate persq cm of 10%10? = 10 amps cm.

These very rough estimates®suggest that Pt could have a concentration in a 100 cc cell after 100 hrs as high as
3 107 moles per liter and a limiting current for the deposition of Pt of around (i, = 0.025 nc) 100U amp cm™
Because of the codeposition of D, the effective current density will be less than this perhaps) 1/10™ ~ 10 less,
i.e., about 10 amps Cm?. After 100 hrs, up to 100 monolayers of Pt could be on the Pd cathode. Such
predictions have been confirmed by the direct measurements of Minevski [29].

Such deposition acts to catalyze D, evolution and decrease the internal fugacity of D,, and hence diminish the
probability of a nuclear switch on. Thus, Pt anodes should not be used in cells in which it is hoped to
manifest nuclear activity.

Among possibilities [30] for non dissolving anodes would be Pd itself, but also, (doped) TiO,, NiO,, CoO,,
LaNiQy [31]. Valuable work in this direction has been done by Tseung and by Conway and Liu. [32] Itis of
value to have large ("black™) deposits onthe anode to decrease the current density and hence the anode potential.
Various geometric arrangement of cells to increase the area are possible [33].

® There will be further cause for reduction of the current dengity below that calculated because of the formation of thin oxide
films likely to impede Pt dissolution by ~ 107 times.
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Importance of Alloying; Other Cathode Materials

Pd easily forms alloys with other metals, e.g., Pd-Ni alloys (particularly with 25-85% by weight Pd). There are
two purposes inalloying. One is to influence and control the surface reaction. But the most important, —in view
of the central position given in this paper tointernal cracking, — is to control the ductility of the alloy compared
with Pd.

Tt has been suggested that the ability of a structure to set off nuclear effects is related somewhat parabolically
to the degree of cracking and time of electrolysis (Fig. 1). Although this right degree of internal damage 1s a
prime key to the interpretation of irreproducibility, long time delays in starting, and bursts in heat output (Fig.
1 and Fig. 2), it is accepted that too much cracking is harmful.’

Alloying of Pd with Ni [34] may be a A
way to control this. Pd-Ni alloys are

i . : %~ Cracks real
less sensitive to H-induced cracking  Logrataof a Ak sliriage

; and Iy, decreases
than Pd. Conversely, they are more :?:;r::: Dz _
susceptible than iz Pd to stress  reaction Significant

time —»

cracking. These properties are perhaps
the reason for the success of the (Clean
Energy Technology, Inc.) cells, which
used Pd alloys. The mechanical
properties of the electrode, how it
depends on the concentration of D, and
the switch on of heat evolution,
demand research.

4
iSignificapt
irange of;}
iintemal |
icracking;

.
o ) Increasing internal crackin -
Investigation of other metals and their ¢ ¢

ability to promote nuclear burning of FIG¥2. Schematic of the nuclear reaction rate assumed to depend on
H and D will be important. According, the degree of intarnal cracking. What is often referred to perjoratively

to Kim [35] proton capture by heavy as .Crackmg' is the condition whereby the cracks reach the surface

metals may be more likely than with and Dy escapes from the system, reducing D and, hence, the

) likelihood of nucl i i
light ones. Other H absorbers stich as Bar TRaCtiaT Ve Ity

Ti, Ta Nb, V provide attractive
possibilities. The relation of the nuclear side to structure needs study. What of Th, U, Np as cathodes?

SUMMARY

The hypothesis suggested here is that the right degree of internal cracking and structural damage inside Pd 1s a
necessary prerequisite to the manifestation of nuclear effects. If cracking is too much, the cracks reach the
surface and D, escapes. Internal cracks increase the internal dislocation concentration per cc. At dislocations,
adsorbed D activity 1s known to be greatly increased [37]. Proton capture (metal + H or D —= new nucle1) 1s
postulated to be a maximum at pointed and serrated edge sites within the damaged surfaces. The quirkiness of
the phenomena is due to the fact that the following have to occur together: a sufficiently high internal D,
fugacity and an optimal degree of internal damage (Fig. 1). Cracks develop and spread in bursts [20], which
correspond to those of the

7 Most workers in this field do not understand that internal damage and cracking in Pd begins at overpotentials of -0.3v. When
they refer to "cracking," they mean "cracking which reaches the surface and reduces 1,,."
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heat evolution. The long wait in the experiments is for sufficient cracks to form. The touchy dependence on
grain size built in during manufacture of the samples serves to interpret "live" and "dead" pieces of Pd.

Impurities in solutions may increase 1D surface coverage and hence internal D, fugacity (hence cracks).
Overpotential must be high, though if too high, cracks will reach the surface and decrease of internal fugacity.

The optimal clectrode thickness is around 10 microns. Cylinders and thicker plates will be poor performers.
Electrodeposition, under a superimposed ac regime, and codeposition of Pd and D, will reduce Togiwh on

Pt as an anode will reduce the probability of observing phenomena because it converts the Pd surface [29]to a
Pt one and catalyzes 1D, evolution, reducing internal fugacity and hence the presence of adsorbed ID at internal
dislocations where its surface activity 1s maximal. Pd itself, or oxide anodes, e.g., doped TiO,. La, NiQ); or
anodic D, dissolution from Pd may be optimal [37] for the anodic O, evolution.

Alloy electrodes provide a means of controlling the optimal amount of internal.cracking. Pd-Ni is a favored
system.
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IMPROVED CALCULATIONS INVOLVING ENERGY RELEASE
USING A BUOYANCY TRANSPORT CORRECTION

Mitchell Swartz
JET Energy Technology, Inc. !

ABSTRACT

Measurement of energy release in the evaluation of fusion systems may rely upon flow calorimetric systems
susceptible to Bernard instability which may have inadvertently impacted the calorimetry. Such thermal-driven
convection can produce the appearance of "excess heat", or a magnified exeess heat, because of unanticipated
thermal-driven mass transfer. A semiquantitative correction to enthalpic calculations is suggested after
separation of the observed Power output (Pyi..q) into two termsy the actual power out (P,,) and a second
bouyancy-flow-related error term (P,.).

DISCUSSION

Measurement and documentation of energy release are criticakin the evaluation of fusion, or other putative over-

unity systems. Reliance upon flow calorimetric systems are being increasingly used by some to detect enthalpic
changes secondary to putative nuclear reactions in condensed phases [1,2,3,4,5]. The equation used to derive
the estimated power output, and therefore the presence of any excess heat involves the applied fluid flow, the
specific heat ofthe water, and the temperature differential. Although this equation may be dimensionally correct,
it does not appear to be always valid forlow flow rates |6], such as in certain cases where Bernard instability
[7,8] may inadvertently have an impact upen the calorimetry. Previously qualitatively examined has been the
time-varying distribution oftemperature in a quasi-one-dimensional model, for both horizontal and vertical flow
calorimetry, both with and withoutcenvection [6]. There can be thermal redistribution in a vertical system with
the addition of upward thermal-driven convection, driven by thermal-induced buovancy instability. As aresult,
there can be shift of the isethefmal lines away from the intringic symmetry exhibited by horizontal flow
calorimetric systems with zero applied convective flow, producing the appearance of "excess heat", or a
magnified excess heat, even in the absence of applied convection. Thus, the quoted efficiencies of energy
gencrated by classical calculation may not be correct. There may be an apparent error "signal" for zero flow
because of the thermal instability which can create mass transfer. This bricf note suggests a semiquantitative
correction for the enthalpic calculations using a first order term for heat transport secondary to buoyant forces
gencrated by unstable thermal inhomogencitics.

If g is the ratio of heat transported by the buoyant forces to all of the heat transported including that by the
applied solution convection, then the Q1D model of heat and mass transfer [6] indicates that what is generally
correct for horizontal calorimetric systems may not be correct for vertical systems, when the non-dimensional
number (= 1) is significantly greater than zero.

The buoyant heat flow ratio, 1, in real systems may also depend upon other non-dimensional factors including
the Archimides non-dimensional number, which is the ratio of the buoyant force to the viscous force, and
possibly the Rayleigh non-dimensional number, which is the ratio of gravity to thermal conductivity.

L @IET Energy Technology, Inc., P.O. Box 81135, Wellesley Hills, MA 02181.
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For this simplification, we suggest the separation of the observed Power output (P 4;..0) intotwo terms, the actual
power out (P,,) and a second buoyancy-flow-related error term (P,,,). Because the total observed signal -- the
delta-T in the face of the applied convention (V0 and incidental thermal buoyant convection (Vi) =
results from their combined velocity, then to zeroth order one can write

Pohserved - Pnut + Permr = Cp * AT # thtal = Cp . AT & (Vconvection + thoyancy) (eq 1)
The error term is thus first order on the non-dimensional ratio 1 .

Perror = Cp * AT * thtal * nB (eq 2)
We assume that 1, is small and therefore V., = V__ . . This is also an approXimation because the chain rule
from calculus, and consideration of possible coolant redistribution, suggestthat there are other higher orderterms
also potentially arising from the impact of the buoyant flow.

&P T
b_mrz(CP*AT* le)+[Cp* vtolal*nB*G?] ] (eq. 3)
Ng B

Thus, the second term in the equation, involving ,may depend upon several additional factors

involving
8

at least the total tank volume just outside the reactor (or capacity of the thermal control) and the actual input
temperature boundary condition.

Ignoring in this approximation the terms of higher order, and using the approximations above, the linear
correction to the observed power becomes corrected as

Poorrected ® " observed (Cp * AT voonvaction ki nB) (eq. 4)

Thus, a more accurate estimate of purported over-unity power gain (T) could be directly derivable, from the
correction to first order, as

nconscted = nobserved * (1 B nB) €q. 5)

Since the submission of this manuscript, the correction technique of subtracting for the buoyant uplift in flow
calorimetric systems has been experimentally applied independently by Dr. Barry Merriman and P. Burchard
[9]. In that system, the correction is taken as a direct calibration to set the null signal. Based on this paper, it may
also be possible to semiquantitatively derive both terms in some systems.

In summary, the extent of any such reported 'excess heat' may be inflated, if the information was collected with
a vertical flow calorimetric system, without confirmatory calibrations under low to moderate flow conditions
where the non-dimensional number (1) is not frivial. Equations 4 and 5 offer semiquantitative corrections to
the observed calculations of present verticle flow calorimetric systems used to investigate heat producing
reactions in the condensed phase. These can be used even in the presence of buoyant flow in vertical flow
calorimetric systemns, using a linear correction based upon the measured, or estimated, values of 1.
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PLASMA-INJECTED TRANSMUTATION
By Hal Fox !, Robert W. Bass, Shang-Xian Jin

ABSTRACT

Several recent developments of devices that produce low-energy nuclear reactions arecexplained by thedeliberate
or fortuitous production of Shoulders' high-density charge clusters, also called EVs (for Electrum Validum).
Some and perhaps most ofthe nuclear reactionsin a variety of fluids and devices including the Pons-Fleischmann
discovery (palladiwm/heavy water systems), in nickel/light water systems, in Patterson Power Cells™, in low-
pressure deuterium gas devices, in sparking-in-hydrogen devices, in exploding resistors, in plasma-focus devices,
in the abundance of elements in the earth's surface, and in the Neal-Gleeson Process are explained by the
creation, launching, and impingement of high-density charge clusters ona target element or elements. This paper
presents a hypothesis and computations that explains these various discoveries and experimental results that have
resulted in the filing of a broad patent application. Excess heat from various sp-calléd cold fusion discoveries
are substantiated.

A. INTRODUCTION

High-density charge clusters, as taught by Kenneth Shoulders [1], can be formed in a near vacuum by a short
pulse of negative potential applied to a specially-designed cathode (such as using a conical point). The charge
cluster was designated by Shoulders as an EV or electrum validum (Latin and Greek for strong electron). A
typical EV will impact a witness plate (a thin metal foil placed near the anode) and leave various-sized holes or
blisters in the metal foil. Single EVs and EV clusters may vary in size from less than a micron to 50 microns as
producedin the laboratory. Itis believed that with appropriate input energy levels larger EVs may be produced.

EVs are formed by many types of electrical discharges. Nearly all electrical sparks, filaments, streamers, or
lightning bolts will produce EVs. These:EVs are evident when a spark impacts a metal surface. Spark erosion
may be primarily the effect of EV action. "For one skilled in the art, the strike pattern of a EV is often readily
identified [2]. Because the EV consists of 10% to 10'* electrons and are relatively small, the energy density is
large. Provided that the encrgy ofithe EV exceeds a certain energy level, the EV can cause nuclear reactions to
occur as reported by Shoulders [2].

Astaught in Shoulders' patents [1]EVs can be stripped of most positive ions. In other embodiments, the EV can
be produced so that it carries or transports a small percent of positive ions [2]. Such EVs, especially when more
energetic than a threshold energy value, can produce nuclear reactions [2].

When an EV, of sufficient energy level, and carrying positive ions, impacts some types of target materials a
nuclear reaction is produced. The difference between the strike of a typical EV and an E'V that causes nuclear
reactions, can be casily be seen on microphotographs. Shoulders has shown several typical pictures in his paper
[2] where the difference between such an EV strikes are readily apparent. The following Fig. 1a (from
Shoulders) is the electron microscope micrograph of an impactof an EV. Fig. 2a (from Shoulders) is a similar
micrograph of the result of the impact of a stronger EV. In Fig. 1a the metal has been melted by the

released energy of the

! President, Fugion Information Center, Inc., P.O. Box 58639, Salt Lake City, UT 84158,
Phone 801-583-6232. Fax 801-3583-2963.
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EV impact but there tsno ewidence of nuclear reactions, asshown by the Zray microanalysisinFig, 1b In Fig,
Za the EV has caused a wigorous explosion with measurable nucear changes as shown by the X-Ray

microanalysis in Fig. 2h. The fgures are reproduced from Shoulders [2].

The EV 15 ohzerved to mantan a stable cluster configuration even though consisting primanly of electrons.
Therefore, there must be ahighly dynammicnature to the EV so that electrodynamic forces are stronger than the
repulsive forces ofthe electron charges. Thepossibhility ofthe esstance of an essentially single-specie plasma
state representedby a stahle packet of charged particles mowing collectively through space-time was examined
by Ziolkowskd [22]. Robert Bass [3] has shown that a solution of Marwell's equations 15 walid for a toroid or
amnfinitely-long cylinder. From Bass's mathematical descniption, one of us (Fox) hasproposed that the form of
the EV 1z probably a toroid. That assumption has not been firmly established. The size and number of EV
clusters 15 determined by formation parameters, especially by the magmtude and shape of the electrical pulse
used to create the EV. Typically, single EVs can wary from one-halfto three microns. Higher formation energies
produce dusters of EVs which thentend to form a necld ace of smaller EVs. The EV necklaceis typically about
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20 microns in diameter and appears to travel in a direction
perpendicularto the plane of the necklace, muchlike a smoke ring
travels. Fig. 3, after Shoulders [1], illustrates a 20-micron cluster
of smaller EVs.

B. THE KINETIC ENERGY CAPABILITY OF ANEV

The energy density of an EV can be shown to be large. The
numerical dengity of electrong in an EV ig about equal to
Avogadro's Number (about 6 x 10” per cubic cm.). The total
number of electrons in a typical EV, one micron in diameter, is
about 10" according to Shoulders [2]. Assume that the size of the
EV is a sphere one micron in diameter"and that the number of
electrons in the EV is 10" electrens” The mass of an electron is
9.1095 x 10" grams. The mags=to=charge ratio of the EV is about
Fig. 3. EV Necklace the same asthe mass-to-charge tatioof an electron [15]. According
toShoulders [1,2] an EV eanearry or be embedded with about 1 to
10 positive ions forevery million electrons. In other words, if the
EV has 10" electrons there may be an attached plasma of 10° to 10° positive ions. The source of these ions can
come from a low-pressure hydrogen atmosphere or from lew-pressure water vapor in the near-vacuum
environment in which the EVs are produced [1].

An EV, if created and launched in the presence of a'strong electric field, is subject to the same accelerating
potential as an electron placed in the same electric field: The velocity achieved by an EV in such an electric field
iz aboutthe sameas the velocity achieved by a gingleelectron. Althoughthe EV may be carrying alarge number
of positive ions, the ratio of electrons topositive ions is so large (107 to 10%) that the positive ions embedded in
or attached to the EV have very little effect onithe velocity imparted to the EV by the electric field.

The velocity gained by the EV provides alarge kinetic energy to the charge cluster. In classical electrodynamics,
the kinetic energy of acharge clusteris determined by the potential difference (orelectric field strength) between

the emitter (cathode) andtarget(anode). The kinetic energy of the charge cluster at the point or surface of the
emitter is considered to be zerowand to increase as the charge cluster approaches the target or anode.

When an ion, withmass M; and charge 7 e, is accelerated by a electric field potential difference V, the ion will
attain an energy W increase of A W=7 e V, where Z is the charge munber of the ion and e is the unit electron
charge. The velocity increase v; in the non-relativistic case is

v=(2ZeV/M)"” (1)
where we assume that the initial velocity of the ion is zero.

Now consider a high-density charge cluster (an EV') with N, electrons and N; positive ions with mass M, and
charge Z e. When this charge cluster accelerates through the same potential difference V as given above, the

cluster will gain energy equal to (-N, e +N; Z e)V and the velocity increase in the non-relativistic case is

v=[2(N.e+N,Ze)V/(N. m, +N MjJ'“ (2)
where M, isthe electron mass and M; isthe positiveion mass andzero initial velocity of the cluster
is assumed.

In the EV with positive iong case, theratio of the number of pogitive ions to the number of negative electrons
N,;/ N, is about 105, Then equation (2) can be approximated by
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|vev| = (2 e V/m)2, (3)
The ratio of v, to v, for the same potential difference V is given by
[Vev| / vi= M,/ Z m)"™. 4

and the ratio of the kinetic energy, K5y, altained by a positive ion embedded in the EV and the kinetic encrgy,
K, gained by a positive ion in a cluster of only positive ions is then

Kiev /K= 1/2M, V2, / 12M, v =M, / Z m, approx = 1836 A/Z, (3)
where A is the mass number and Z is the charge number of the positiverion, respectively.

This concept that high kinetic energy can be imparted to positive ions by an. EV which has been formed
with relatively low-energy means isimportant! As an example of the gxtent of the kinetic encrgy developed
in apositive ion, when 5 kilovolts potential differenceis applied, a proton (deuteron) in the case of a pure proton
(deuteron) cluster will attain 5 KeV energy. However, a proton {deuteron) embedded in an EV, using the same
accelerating potential of 5 kilovolts could attain a kinetic energy of 9.18 (18.36) mega-clectron volts! This
additional kinectic energy is now sufficient to overcome the Coulomb barrier of a typical target nucleus and

produce nuclear reactions. When a large number of such EVs, with accompanying positive ions, are produced
and accelerated to a target anode, the nuclear reaction.rate can be quite high.

As the EV research and development matures, it is likely that this technique of promoting high kinetic-energy
positive ions will become one of the least expensive and easiest methods to study nuclear reactions. A table-top,
compact, charged-particle accelerator may no longer be adream butbecome arcality. Such a device is proposed
to replace large, expensive, particle accelerators. In the near future, small colleges and even secondary schools
could afford to have a laboratory particle actelerator.

C. THE EV AND COLD IF'USION DEVICES

As detailed above, wherman EV is accelerated in an electric field (andis carrying perhaps 10° positiveions), there
is sufficient energy to create nuclear reactions by transporting the positive ions into the nuclei of the target
material. This statement can be clearly demonstrated by replicating the experiments of Shoulders [2]; George
[4]; Dash [5]; Matsumoto [6]; Dufour [7]; Samgin, ¢t al.,[8]; Savvatimova, et al; [9] Miley and Patterson [10];
Reiter and Faile [11]; Rout, Srinivasan, et al. [12]; and many others. The parameters of the experiment must
be selected so that EVs are produced and carry positive ions. Conceptually, the difference between an EV and
an EV with positive ions can be determined by the difference between the charge-to-mass ratio.  Alternatively,
to determine if E'Vs are carrying positive ions, itis better if the experiment is run for only a short time and the
metal target is viewed before the target electrode looks like the moon's surface with too many strike patterns
obstructing the view. Scanning electron microscopy can be used to determine if there are nuclear changes in the
vicinity of the EV strike. If not, then the strike was likely an EV with insufficient energy to promote nuclear
reactions.

If we examine other types of experiments such as Bockris [ 13] where pure carbon electrodes were caused to arc
under pure water and iron was produced, we would suggest that EVs were produced. On the other hand, in a

replication of the Bockris experiment, Grotz found no significant results [14]. According to the hypothesis
presented inthis paper, Bockris has nuclear reactions because his experiment produced EVs. Grotz has negative

results because his experimental procedure was not sufficiently energetic and no ion-bearing EVs were produced.
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A dramatic ewidence for the power of an EV 15 protured in Ken Shoulders' book [15] whete he shows the trail
left by an EV necklace (a number of EVe can form into a type of a smoke-ring pattern having a dimension of
about 20t crons in diameter, this combination 15 named an EV necklace). One picture shows the hole dnlled
by an EV through several timesitown di ameter of aluminum oxide. The EV apparently vaporized the alumi mam
oxide and the vaporwas then deposited ontheinner surface of the "EV-drlled" cylindncal hole. See Fig 4 from

Shoulders [15].

| Itiz interestingto notethat Shoulders' experimental
wortk on high-density charge clusters covenng
morethan adecadehasbeen rediscovered in Russia
= . by G4 Mesyats [2_3]_._ Mesyats staies, "A
’! . - cotmmonly used way toinitiate an ectonisto induce
A ‘ a wacuuwn discharge owen a dielectric beng in
contact with a metal” 123, pg 725].  (Mesyats'

. e % ‘,‘:\?F ecton iz Shoulders"EV. Compare with Shoulders'
.:_ _ i il patents [1,2]¥

D. SIMPLE‘TEST FOR EV PRODUCTION

If wou are working wath devices in which EVs are
expected to be produced, the foll owing procedureis
: suggested. Flace a small transistor radio near the
Fig. 4 suspected EV source. Tune to an AM (amplitude
modulated) part of the radio band where there are

no AN stationsonthe ar. Turnup the volumeand lsten for"cracks" ofstatic. When an EV strikes it wall emits
sufficient electromagnetic energy to hearon such aradio. Rememberthat FM (frequency modulation) clips these

hursts of EM radiation and that stati c discharges will nothe heard on FM stabons. (Mote: Travelers in country
where flash floods can be cansed by thundetstorms use this technigque with their auto radios to listen for any

lightning flashes. Iflightmng cracks are prevalent, wary travelers do not camp in stream beds)

If you question whether EVz at do damage to metal surfaces, just disconnect the capacitor that 15 wired across
the breder points of adistributer in a gasoline-fueled internal combustion engine. Youwall soon find that you
will need to replace the'distributorbreakeer points. The capacitor iz sufficient to prevent the formation o f EVs,

E. GEOLOGIC IMPLICATIONS OF NEVs

Ewvery lightning strike will produce an shundance of strong EVs. If one desires to chedk that staterment, place
a polished metal sheet at a place frequented by lightning strikes. After alightning bolt has hit near the metal

sheet, exarnine it for EV patterns. To constder the long-term effect of lightming-produced EVs, assume that
lightning 1z a source of many strong EWVs. The end result would be a Qurry of nuclear reactions with every
lightning strike. Ower the millions of years that the earth's atmosphere has been charactenzed by frequent or
occastonal thunder storms, 1t would be expected that the geological surface ofthe earth would be enniched by
elements characten stic of EV-caused nuclear reactions.

In hiz verbal presentationof his paper Shoulders [2] used the term "dirt" to desenbe the conglomeration of new
elements produced by an EV stnke onto a palladium target. The tenm "dint" was chosen to describe the
combination of caloium, potassum, carhon, aluminum, iron, ete. of the elements that appear to he shundantly
produced by an EV strike on ametal target and the resulting nuclear reacti ons.
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Therefore, itis suggested that the elements found in the earth's crust have been produced, in part, by the action
of lightning during the earth’'s many years of atmospheric thunderstorms. Here is a list of the twenty most
abundant elements found in the earth’s crust with their atomic numbers [16]: Oxygen §; Silicon 14; Aluminum
13; Iron 26; Calcium 48; Sodium 11; Potassium 19; Magnesium 12; Titanium 22; Hydrogen 1; Phosphorus 15;
Manganese 25; Sulfur 16; Carbon 12; Chlorine 17; Rubidium 37; Fluorine 9; Strontium 38; Barium 56; and
Zirconium 40. The reader will find it interesting to compare the elements produced by EV strikes on metal
targets with this list. Shoulders' verbal designation of "dirt" for the clements found at an EV strike appears most

appropriate. Sce Appendix A for alist of possible nuclear reactions with a palladium target from a paper by Jin
& Fox [18].

F. IMPROVING THE NEAL-GLEESON PROCESS FOR TRANSMUTATION

In a paper presented by one of us (Fox) [17] the Neal-Gleeson Process for low-énergy nuclear reactions was
partially described. Inthe Neal-Gleeson Process, a relatively simple configuration of an clectro-nuclear cell is
comnected to a suitable medium-voltage source (several hundred volts)., " With'the proper cell, clectrode, and
electrolyte configuration, heavy elements in the electrolyte can bedransmuted to lower mass elements. This
process has been developed over the pasttwo years ina series ofover onchundred experiments with gradually-
improving results. Naturally-radioactive thorium and naturally-radioactive uranium have been processed with
the result that the radioactivity has been dramatically reduced (up to 77 percent reduction inradioactivity). This
is a clear indication that the radioactive elements have been trangmuted. Mass spectroscopy analysis of before
and after samples show that elements not present in the before samples are present in the after samples.

It is the basis of the hypothesis presented in this paper that the mechanism for the reduction of radioactivity,
using the Neal-Gleeson Process (patent pending); isthat many EVs are produced at the clectrodes and injected
into the heavy elements dissolved in the€lectrolyte. Therefore, if one desires to improve on the Neal-Gleeson
Process it will be by improving the mannet in which EVs are produced and injected into the nuclei of selected
target clements.

G. THE PENETRATION OF A NUCLEI BY ANEV

It remains to be determined as to what extent an energetic EV can carry positive ions, such as hydrogen,
deuterium, or lithium ions and causesuch ions to penetrate the Coulomb barrier of the nuclei. We know that EVs
travel at velocitics up to a reasonable fraction ofthe speed of light [1, 2, 15]. The velocity of an EV is strongly
dependent onthe accelerating voltage supplied. As detailed above, the kinetic energy imparted to an EV can be
sufficient to carry the positive ions into the nucleus of nearby clements (in the vicinity of an EV strike),
overcome the Coulomb barrier, causing such ions to become a part of the nuclei of some fraction of such target
nuclei (by EV-ion collisions), and promoting a nuclear reaction (such as the spontancous fissioning of heavy
elements).

While this type of nuclear reaction could be considered to be ahigh-energy plasma physics reaction, the initiating
process is low-energy (oftenless than 1,000 volts). The process of the nuclear reaction begins with the creation
of a high-density charge cluster by low-energy means. However, the charge cluster has a high energy potential.
The impact of the EV, with at least some types of matter, then produces nuclear reactions. The question that
should be addressed is: "Is it expected that the nuclear reactions caused by E Vs will have the same branching
ratios as nuclear reactions observed in high-energy plasma physics?" It is suggested that the over 600 papers
reporting on cold fusion successes is replete with evidence that the branching ratios, for at least some low-
energy-generated nuclear reactions, are different from the branching ratios found in high-energy gas-plasma
physics nuclear reactions. The fact that the reactions occur in or near the surface of ametal lattice is asufficiently
different from the environment that occurs in high-energy gas-plasma physics to produce different results.
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However, it is believed that the nuclear reactions produced by EVs in a low-pressure gas environment
will be similar to the experimental results from a similar bombardment of a target material with high-
energy positive ions.

H. SUMMARY

This paper presents a hypothesis which is intended to guide further experiments to determine to what extent the
EVs are responsible for nuclear reactions in various types of cold fusion devices and also in the Neal-Gleeson
Process. This hypothesis explains many of the anomalics observed in a variety of cited experiments. The
hypothesis has the advantage ofnot requiring any unusual new physics principlestobe invoked. The acceptance
of the formation of and the development of high kinetic-energy potential of the EVs has sufficient merit to
critically investigate this hypothesis with both experiments and for further mathematical analysis to determine
the range of possible application of this hypothesis in explaining previous experiments(beginning with Pons and
Fleischmann [21]) and extending the important discoveries of Shoulders' work and.of the Neal-Gleeson Process
into new realms of experimental investigation. Ifthis hypothesis is correet, then'a new world of nuclear physics
is opened to further development, complete with transmutation, power, generation, and thousands of new
inventions for the benefit of man and beast.
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APPENDIX A

FElements that potentially could be produced by non-neutral plasma
injection into a palladium target.

The following data is taken from the Jin & Fox paper, "Possible Palladium-related Nuclear Reactions”,Journal
of New Energy, vol 1, no. 3 [18].

In this case only palladium is considered as a target material. Only the reactions with deuterium, protons, and
alpha particles as payload elements are listed below. Only those nuclear reactions that are consistent with
congervation rules are included. It is obvious that as other target elements are considered and as other payload
clements may be considered, the entire spectrum of the periodic table may be amecnable to formation by the EV-
payload-accelerator-target process. In fact, ifthe new elements produced domotleave the target material, many
additional elements couldbe created by the plasma-injection process with'§econdary target clements. It is stated
in the patent application that itis obvious that one skilled in the art.canproduce just about any element desired.

Payload Element: deuteron. Possible Pairs of Elements Produced:

Rhodium & helium; lithium & ruthenium; lithium & melvbdenum; bervllium and tellurium; beryllium &
molybdenum; beryllium & niobium; boron & molybdenum; carbon & niobium; carbon & zirconium; nitrogen
& zirconium; nitrogen & strontium & helium; fluorine & strontium; fluorine & krypton; neon & rubidium; neon
& krypton; neon & bromine; magnesium & bromine; magnesium & selenium; magnesium & arsenic & helium;
silicon & arsenic; silicon & germanium; silicon'&gallium; phosphorus & germanium; phosphorus & zinc; sulfur
& gallium,; sulfur & copper; argon & copper; potassium & nickel; calcium & cobalt; titanium & mangancse.

Payload Element: proton. Possible Pairs of Elements Produced:

Boron & molybdenum; fluorine & krypton; sodium & krypton; sodium & selenium; aluminum & germanium;
phosphorus & germanium; scandium & iron; phosphorus & gallium; vanadium & chromium; titanium &
manganese; calcium & manganese; manganese & chromium.

Payload Element: helium-4. Possible Pairs of Elements Produced:

Beryllium & ruthenium; carbon & molybdenum; oxygen & zirconium; neon & strontium; magnesium & krypton;
silicon & selenium; sulfur & germanium; argon & zinc; krypton & copper; potassium & copper; calcium &
nickel; titanium & iron; sodium & krypton; magnesium & bromine; chlorine & zinc.

A cautionary note: The above list of possible elements makes no assumptions about the inner construction of
the nucleus. If Ron Brightson [19]1s correct in his nuclear cluster model, many of these possible reactions are
favored and others are not. If Roberto Monti [20] is correct in his alpha-cluster model, then the same statement
is true. It is expected that a series of experiments will be required to produce the type of data that will
provide the basis for improved understanding of the inner structure of the nucleus.

NOTE: Those who may be interested in commercial rights to this technology should contact Hal Fox, 801-583-6232, Fax 801-583-2963,
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LETTER TO THE EDITOR

A Comment to the paper of E.E. Antonov et al.
[/NEvol 1, no 2]

The authors proposed a plasma-chemical discharge method of water conversion in gascous phase for hydrogen
production and a theoretical model and provided some experimental results. The method is interesting and the
results of research are worth referring to.

The method may be quite effective for hydrogen production from water vaper, however the installation cost on
the combustion engine is more expensive than the electrolysis methods. infuture use.

The proposed theoretical model has contributed to comparison and analysis of the experimental data. A more
accurate model, however, is needed for deeper understanding ofthe processes. A non-equilibrium kinetic model

which could determine the distribution function of cach. component in the system under given boundary
conditions is recommended.

Dr. $.X. Jin

[ Dr. Jinis a JNE peer-reviewer. --Ed.]
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