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Preface

The theme for ICCF-17, “Cold Fusion-From the Laboratory to the World” was selected to highlight the recent
advances in experimental results suggesting that useful products based on “Cold Fusion” were possible. By using
nano-particles of nickel that were loaded with hydrogen gas under pressure, several groups were reporting significant
production of excess energy in the form of heat and some had even predicted prototype units would be available within
a year. In addition, other groups reported success with specially prepared cathodes. By the time of ICCF-17, the
question was not “if ” but “when” will the dreams of abundant, low-cost green energy be available. While progress
toward commercialization has been slower than predicted, the dreams triggered by the 1989 announcement by Martin
Fleischmann and Stanley Pons will be real. In addition to outstanding presentations, posters, and discussions, Francesco
Celani displayed an operational demonstration of his device throughout the conference.

By the numbers, there were 157 participants at ICCF-17 representing 19 countries. Seventy-eight papers were given
including posters. An excellent overview of ICCF-17 written by David J. Nagel was published in Infinite Energy (Issue
106, November/December 2012). For many attendees, this was their first visit to South Korea and cultural exchange
tours were provided to historical sites near Daejeon. For one attendee, Roger Stringham, this was his second visit. His
first was in 1950 when he served in the U.S. Army and he fought to defend what is now South Korea.

Unfortunately Dr. Fleischmann died a few days before the start of the conference. It was fitting and appropriate
that we dedicated ICCF-17 to the memory of Martin Fleischmann and one of the outcomes from the conference was
the establishment of the “Martin Fleischmann Memorial Project.”

We want to thank all those who have participated to make ICCF-17 a great success. Financial supports from
Daejeon International Marketing Enterprise, Korea Tourism Organization and New Energy Foundation Inc. and our
personal friends made it possible for us to hold an outstanding conference. We would also like to express our thanks
to the personnel of Genicom Company and Daejeon Convention Center for their outstanding service for the successful
conference. Finally, we also want to express our appreciation to the Journal of Condensed Matter Nuclear Science and
especially Prof. Jean-Paul Biberian, the senior editor for publishing the papers from ICCF-17, making them available
to everyone.

Sunwon Park and Frank Gordon
May 2014
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Cold Fusion — from the Laboratory to the World
Setting the Stage for ICCF-17

Sunwon Park*

Korea Advanced Institute of Science and Technology, Daejeon, Republic of Korea

Frank Gordon® ¥

U.S. Navy SPAWAR Systems Center, San Diego, CA, USA

Abstract

The objective of ICCF-17 is to allow international groups of scientists to present their data to further the collective understanding
of scientists working in the field and so that skeptical members of the mainstream scientific community, the media, and the public
will see the evidence that “Cold Fusion™ is real. Indeed several groups are currently developing commercial products that produce
energy using the “Cold Fusion” phenomena. Ultimately, the reality of cold fusion will be determined by the public acceptance
of commercial devices. People and companies who continue to deny the existence of cold fusion will become ir relevant as the
applications are placed into service.

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123

Keywords: Cold Fusion, ICCF-17

1. Introduction

The announcement by Fleischmann and Pons on March 23, 1989 that their experiments that produced more excess
energy than could be accounted for via chemical means launched a frenzy of efforts around the world to confirm and
improve upon their claims. If the phenomenon which was named as “Cold Fusion” by the media could be successfully
developed, it offered the potential to supply the world with abundant, low-cost, green, and safe nuclear energy without
hazardous waste.

*E-mail: swpark@Xkaist.ac.kr
TE-mail: dr.frank. gordon @gmail.com
Retired

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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1.1. The early months

Within hours of the press conference announcement, several universities and laboratories around the world initiated
programs to replicate the results. Examples include the Bhabha Atomic Research Centre (BARC) in India where within
a few days of the March 23rd announcement, 12 teams comprising about 50 scientists were formed to look for the
nuclear origin of Cold Fusion. Less than 1 month later on 21 April, neutrons were first detected. Within a year, all 12
teams had detected both neutrons and tritium. The results were reported at ICCF-1 in August, 1990 [1]. In the U.S.,
the Electric Power Research Institute redirected contracts that were in place at Texas A&M University for fuel cell
research to focus on “Cold Fusion”. Within two months, their experiments showed excess heat, tritium, and neutrons
[2]. In Frascati, Italy, titanium shavings were placed in high pressure deuterium gas and then cooled to 77 K. As the
samples warmed, neutrons were detected at 200 times background [3]. Groups in Hungary, the USSR, Japan, Brazil
also conducted experiments. Several of the groups were successful in obtaining confirming experimental data but others
including groups at California Institute of Technology and the Massachusetts Institute of Technology claimed that their
experiments had not produced any excess heat. In spite of the many successful results, cold fusion was discredited by
several speakers at the annual American Physical Society meeting in Baltimore in May. Ironically, the Caltech and MIT
results were later analyzed by other groups to show that they had in fact produced excess heat but by late 1989, most
scientists, the media, and the public considered cold fusion dead and cold fusion subsequently gained a reputation as
pathological science [4].

1.2. DOE Reviews

In November, 1989 the Energy Research Advisory Board set up by the U.S. Department of Energy issued their report.
Although most people believe that the report disproved “Cold Fusion,” that is not the case. There were several rec-
ommendations and conclusions but they summarized their finding with the statement: “Consequently, with the many
contradictory existing claims it is not possible at this time to state categorically that all the claims for cold fusion have
been convincingly either proved or disproved.”

Even though the DOE report “recommended against establishment of special programs to develop cold fusion,” the
Panel was “sympathetic toward modest support for carefully focused and cooperative experiments within the present
funding system.” However, to date proposals submitted to DOE for funding have all been ignored, in many cases
without even reviewing the proposal or replying to the submitter. Additionally, the DOE findings and the resulting
public opinion have had a chilling effect on other potential sources of support for cold fusion research.

The second DOE review was conducted in 2004 with a report issued in December, 2004. Although several
of the individual reviewers believed that the experimental evidence provided significant support for the “Cold Fu-
sion” phenomenon, the majority conclusion was: “While significant progress has been made in the sophistica-
tion of calorimeters since the review of this subject in 1989, the conclusions reached by the reviewers today are
similar to those found in the 1989 review.” The details of these reports are beyond the scope of this paper but
the complete reports are available along with reviews and analysis of the DOE findings by several individuals at:
http://mewenergytimes.com/v2/government/DOE/DOE.shtml and http://lenr-canr.org/wordpress/?page_id=455

1.3. Impact of the U.S. DOE decisions

The decisions by the DOE not to fund cold fusion research and the incorrect belief that cold fusion was bad science
impacted funding for cold fusion research throughout the world. Governments and companies did not fund cold fusion
research for fear of being accused of wasting money. And, the US patent office does not issue patents for cold fusion
related inventions which reduces access to venture capital funding.
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2. Research has Continued

In spite of the DOE reports, public opinion, and lack of funding, many groups around the world continued their
experimental efforts while others worked on new theories to explain the phenomena. Scientists who had observed
experimental results that could not be explained using conventional theories continued their efforts in spite of very
limited funding. They were driven by the desire to be the first to understand and exploit cold fusion for whatever
benefits it could provide.

In an attempt to more accurately describe the underlying physics and reduce the stigma associated with the name
“cold fusion,” that had been used by the media, several names have been proposed including the Fleischman—Pons effect,
Low Energy Nuclear Reactions, Lattice Assisted Nuclear Reactions, and Chemically Assisted Nuclear Reactions. The
experimental evidence clearly shows is that nuclear reactions are involved but one of the challenges in selecting the
best name is that the actual underlying nuclear processes that are occurring are not known. Suggestions range from
“conventional” fusion on a nano-scale, fusion triggered by an unknown tunneling reaction, to other theories that do not
even involve fusion. At the press conference, Fleischmann offered the opinion that it was an unknown nuclear reaction.
Although Low Energy Nuclear Reactions (LENR) has the widest acceptance within the community, because of the
media, the phenomenon is still best known to the public as “cold fusion.”

In the 23 intervening years, the body of worldwide experimental evidence has grown to include increased repeatabil-
ity, increased levels of excess heat, transmutations to new elements, and nuclear emissions including X-ray, gammaradia-
tion, alphas, protons, and neutrons. These experimental results have been published in 3500 technical papers, conference
proceedings and articles [5]. A complete breakdown is available at: http://lenr-canr.org/acrobat/RothwellJtallyofcol.pdf
Individually and collectively, these results provide compelling evidence that nuclear reactions are involved and they
substantiate many of the original claims by Fleischmann and Pons.

3. Current Status

Within the last two years, the pace of development has increased, stimulated by new claims that a cell using Nickel
powder in a high temperature Hydrogen gas environment could reliably produce significant excess heat. Although
the initial claims have not been independently verified, multiple groups are reporting similar results using similar cell
designs. At least one of the groups hopes to have a commercial product available by the end of 2012. These new results
have reinvigorated research and new groups of scientists are joining in the race searching for a new energy source.

4. ICCF-17 Objectives

ICCF-17 promises to be a very exciting conference. Most of the groups who are known to be working toward commercial
products will attend the conference and make presentations. In most cases, this conference will be the first public
presentation of their results and plans for the future. In addition, leaders in the development of theories to explain
the phenomenon will present their theories in individual presentations and as participants in a panel discussion. More
than 80 abstracts were received from scientists in 15 countries for presentation in both oral and poster sessions. The
conference schedule was adjusted to maximize the number of presentations and provide time for interaction between
scientists.

The first objective of ICCF-17 is to carry on the tradition of the previous ICCF conferences to allow international
groups of scientists to present their data to further the collective understanding of scientists working in the field. The
second objective is to end the misunderstanding and the skepticism on the cold fusion of the mainstream scientific
community, the media, and the public by showing the evidence that “cold fusion” is real. And the final objective is to
start an international concerted effort to expedite the commercialization of energy generation devices based on LENR
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to solve the immediate energy and environmental problems of the world and to prevent the possibility of misusing the
LENR for the destructive purposes.

5. History of Scientific Revolutions

History is full of examples where scientific revolutions face resistance from the mainstream scientists and media. Galileo
was charged with heresy because he supported Copernicanism at the time when the mainstream belief was that the earth
was the center of the universe. He was convicted in a Roman inquisition, forced to recant, and spent the rest of his life
under house arrest [6]. As a post-doc at the Paris observatory, Ole Roemer used Cassini’s own data to conclude that
the speed of light was approximately 186,000 miles/s, challenging the mainstream belief that the speed of light was
infinite. He was ridiculed by Cassini and others and ultimately left his pursuit of a scientific career [7]. The Wright
brothers were unable to even get the media to witness their flying demonstrations and Scientific American published an
article calling them “the lying brothers™ [8]. Many Nobel prize winners were ridiculed when they initially announced
their discoveries [9]. These and many additional examples share a common theme starting with initial ridicule leading
to acceptance only after the “old guard” of the scientific establishment has been replaced. A quote attributed to Max
Planck applies: “A new scientific truth does not triumph by convincing its opponents and making them see the light but
rather because its opponents eventually die, and a new generation grows up that is familiar with it.” This quote has
been shortened to “Science advances one funeral at a time” [10].

Cold Fusion has overcome many of the same issues that previous revolutionary scientific breakthroughs have
confronted and the potential payoff could rank cold fusion as one of the greatest discoveries of all time.

6. The Future

At this point, it is impossible to predict the future impact of the successful implementation of cold fusion. When the
first transistor was developed, it was used to replace radio tubes. No one imagined the solid state electronics industry
which grew out of that device. The original transistors were approximately 5-10 mm in diameter and cost a few dollars
each. Today, more than 1 billion transistors can be contained within a single chip costing less than 0.000001 cents per
transistor [11]. Solid state electronics devices have contributed to a significant improvement in the standard of living
throughout the developed world.

Cold fusion could have an even greater impact by providing green low-cost energy for both developed and developing
countries. Some obvious examples which will become technically and economically possible include small energy
devices to provide heat and electricity to remote locations, large scale desalination which can transform deserts into
farm lands and meadows, and economical transportation. Cold fusion will increase the sustainable development of
human civilization on the planet earth.

Cold Fusion is a scientific revolution of unimaginable impact. While it will provide tremendous benefits, it will
also disrupt large segments of the current world economy. Many countries rely on the sale of oil and many companies
exist to refine and transport oil to the consumers. A significant percentage of the world’s current workforce is directly
involved in energy-related enterprise. Just as what happened after the invention of transistor, some companies will
disappear while new industries will evolve to take advantage of changing economics of energy. New products that were
not possible in a world with limited, high-cost energy will appear.

The change will not be easy but the benefit to the public of safe, low-cost, abundant, green energy will drive the
revolution.

The future starts now.
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Detecting Energetic Charged Particle in D,O and H,O Electrolysis
Using a Simple Arrangement of Cathode and CR-39

H. Aizawa, K. Mita, D.Mizukami, H. Uno and H. Yamada*

Department of Electrical Engineering and Computer Science, Iwate University, Japan

Abstract

Electrolysis of DO and HyO solutions is carried out under several DC current patterns using a Ni film cathode. A CR-39 track
detector is set in close contact with the cathode to detect an energetic charged particle. An impressive increasing in number of etch
pit is occasionally observed.

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123

Keywords: CR-39, Low-energy nuclear reaction, Light-water electrolysis, Ni-film cathode

1. Introduction

The plastic track detector has become a popular method to detect energetic charged particles in low-energy nuclear
reaction (LENR) studies especially in electrolysis experiments. In these studies, the evidence of the reaction is in the
form of nuclear damage trails made visible by etching of the plastic chips. Oriani et al.[1,2], Lipson et al. [3,4] and
Roussetski [5] have performed light and heavy-water electrolysis using the plastic track detector and have reported the
generation of charged particle emission during the electrolysis.

However, there still exist technical complexities in using plastic detector in electrolysis experiment. In the previous
studies, there have been a thin layer of electrolyte and/or a solid film between the cathode electrode and the plastic
detector. Such construction could cause a considerable decrease in the energy of the charged particle emitted from the
cathode.

In this present study, a chip of the plastic track detector CR-39 is positioned just under the Ni film cathode to limit
energy decrease; a CR-39 chip of 30x30 mm in size is set in close contact with the rear surface of the cathode film.
This construction avoids chemical attack on the chip by ions generated by the electrochemical reactions on the Ni film
cathode. The present technique is simple but capable of detecting energetic charged particles produced on the cathode
during electrolysis with higher efficiency. Using the present technique, we have studied energetic charged particle
emission from the metal film cathodes for light and heavy-water electrolysis [6—8]. The primary purpose of this study is
to establish a simple technique producing new convincing evidence that a nuclear reaction as LENR could accompany

*E-mail: yamadahi@iwate-u.ac.jp

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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Solution

Pt wire \D-ring

()

Figure 1. Test cell for the electrolysis, (a) vertical cross section, (b) the view of the component of the cell (left) and its assembled (right).

both heavy and light water electrolysis. Anomalous increase in number of etch pit has been observed in one out of
seven and two out of five electrolysis conditions for D,O and H,O solutions, respectively.

2. Experimental

Electrolysis is carried out in a small plastic (polyoxymethylene) cell shown schematically in Fig. 1. It consists of a
vertical plastic cylinder with 105 mm long and 10 mm inside diameter, a plastic stopper holding a wire anode, a lower
portion of plastic base and a film cathode. The left-hand side and right-hand side of Fig. 1(b) display the components of
the cell and the cell assembled, respectively. The top of cylindrical portion of the cell is covered by the plastic stopper
with loose contact, which permits the escape of the gas produced by electrolysis. A 5 um thick Ni film is used as the
metal cathode for both heavy and light-water electrolysis. The film forms the inner bottom of the test cell and serves
as cathode; the diameter of the cathodes is 10 mm. The anode is ¢ 0.5 mm Pt wire. The upper portion of it is sheathed
by heat-shrinkable FEP tube surrounded with TFE and the lower part (~60 mm long) is formed a crude spiral with the



8 H. Aizawa et al. / Journal of Condensed Matter Nuclear Science 13 (2014) 612

P14
Ch-ring

Measurement arca
S—=102 10 mm?

Figure 2. CR-39 chip.

diameter and length of ~5 mm and ~30 mm, respectively. The lower end of the spiral plane is parallel to the cathode
surface with a gap distance of ~10 mm.

A 30x30 mm chip is cut from a sheet of the track detector CR-39, produced by Fukuvi Chemical Industry Co.
The chip is carefully manipulated with tweezers. The center area of the front surface, which contacts to the metal film,
is scratched to form a 10x 10 mm square line, before removing the manufacture-supplied blue protective film. The
CR-39 chip is mounted in the electrolysis cell immediately after removing the protective film. The scratched surface is
referred to as the front surface upon which the metal film cathode is overlaid. The rear surface of the Ni film cathode
area is set in close contact with the surface of the inside area bounded by the scratched 10x 10 mm square line on the
front surface of the CR-39 chip. Both the Ni film and the CR-39 chip are clamped together on the disc forming the
bottom cap of the cell with an O-ring seal.

The arrangement of the cathode and the CR-39 chip is shown in the small circle of Fig. 1(a). This construction is
able to avoid chemical attack on the CR-39 chip by ions generated in the electrolyte and keep the ideal distance between
the cathode and the detector chip. Thus, the construction could minimize the energy loss of charged particle, which is
produced on the surface of the thin Ni film and penetrates through it in the electrolysis process, and would maximize
the efficiency of the detecting particle.

The electrolyte solutions for the heavy water electrolysis are Li» SO4/D,0O and LiOH/D, 0. Those for the light water
electrolysis are Li» SO4/H, 0, LiOH/H, 0O and Na; SO4/H,O. The concentration of all the solutions is commonly 0.1-M.
After the lower portion of the cell is assembled to form a small vessel, the ~6 ml electrolyte solution is poured into the
cell. Then, the stopper cap holding the anode is put on the upper opening.

The electrolysis is conducted mainly for 168 h under DC current range 3—160 mA at voltage range 3-30 V. The
current for the electrolysis is supplied by a constant-current power supply and no water is added during the electrolysis.

The CR-39 chip used for control experiments is always cut from the same sheet, neighboring to that for the
corresponding electrolysis experiment and is carefully handled in exactly the same way as that used in the electrolysis
experiment. In the control experiment, which is designated “Control” in the figures, the CR-39 chip is mounted in the
same designed test cell as that for the electrolysis with an unused Ni film and a solution and is positioned in the near the
ongoing electrolysis cell during the electrolysis. The exposure time of CR-39 for the control experiments in the absence
of electrolysis is same length as that for the electrolysis experiment. After the electrolysis and control experiments, the
cell assemblies are immediately disassembled to remove the CR-39 chips and the Ni films used.

The CR-39 chipis etched in 6 N NaOH solution for 7 h at 70°C immediately after each experiment. The measurement
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Table 1. Electrolysis condition and result

Solvent Electrolyte Current pattern Total electrolysis Number of  Number of impressively
period/run runs positive runs
20 mA 168 h 5 0
. 20 mA/20 min-R 200 min 5 0
L2804 20mA24h-R  168h 5 1
D,0 3-160 mA 168 h 5 0
20 mA 168 h 5 0
LiOH 20 mA/24 h-R 168 h 5 0
3-160 mA 168 h 5 0
LipSO4 3-160 mA 168 h 3 2
. 20 mA 168 h 5 0
H,0 LiOH 3-160 mA 168 h 5 |
20 mA/24 h-R 168 h 5 0
NazS04 3-160 mA 168 h 5 0

of etch pit is carried out using a digital microscope system (KEYENCE VHX-200), consisting of an optical microscope
with a camera and a PC. The measurement area 10 x 10 mm is the center of the chip surface as shown in Fig. 2.

The electrolysis experiment is performed under total 12 electrolysis conditions for H,O and D,O solutions and
all the electrolysis conditions are compiled into Table 1. There are 4 DC application patterns in the 12 electrolysis
conditions. The patterns are designated “20 mA”, “20 mA/20 min-R”, “20 mA/24 h-R” and “3-160 mA”, as indicated in
Table 1. The “20 mA” means that the application current is constant DC 20 mA for one week. The “20 mA/20 min-R”
consisted of eight cycles; the application current is DC 20 mA with negative cathode for 20 min, followed by DC
20 mA with positive cathode for 5 min in each cycle. Thus, the total electrolysis time is 200 min. The “20 mA/24 h-R”
consisted of seven cycles; the application current is DC 20 mA with negative cathode for 23 h and 55 min, followed by
DC 20 mA with positive cathode for 5 min in each cycle. The total electrolysis time is 168 h. The “3—-160 mA” means
that DC is changed from 3 to 160 mA in stepwise every 24 h.

3. Result and Discussion

It may generally be necessary to distinguish nuclear pits produced during electrolysis from artifacts caused by manu-
facturing defects in the detector plastic. The appearance of the nuclear pits is thought to have much darker wide rim in
the microscope. Because the pit has a relatively deeper bottom and the diameter of the bottom is rather small compared
with that of the rim. However, there still exist many ambiguous pits whose origin, nuclear or artifactual, is hardly
determined. Thus, the etch pits with narrow darker rim are not excluded in counting in this study; all the etch pits
observed are counted. The pits are counted only within the inside area bounded by the scratched 10 x 10 mm square

t .
50.00 grm/divi LA X 1000

Figure 3. Photomicrograph of a surface of the CR-39 chip, providing a pair of etch pits.
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Figure 4. Distribution of etch pit diameter, indicating no difference in number of etch pit between electrolysis and control experiment.

line on the front surface of the CR-39 chip. The number of pit in the inside area is compared with that found in the
control chip. Figure 3 shows the typical photomicrograph of pits, which are thought to have the nuclear origin.

The control experiment is expected to give some nuclear tracks already present in the CR-39 sheet as received from
the supplier, as well as those produced during the entire experimental process by radioisotopes such as radon in the
environment. Some of the pits originating from manufacturing defects will unavoidably have a similar form to that of
nuclear pits. For instance, one of the lot of CR-39 sheets has provided higher density of etch pit in almost all the control

CR-39 chips from the beginning [8].
The result for all the 12 electrolysis conditions is compiled into Table 1. Most of the experiments for 12 electrolysis

Li,SO, / D,0

B Electrolysis
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a
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Figure 5. Distribution of etch pit diameter, indicating a marked difference in number of etch pit between electrolysis and control experiment.
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Figure 6. Distribution of etch pit diameter with a marked increase in number of etch pit for electrolysis experiment.

conditions using both solutions have revealed no apparent increase in number of etch pit as well as no apparent difference
in the distribution of etch pit diameter between the electrolysis and control experiments. Figure 4 shows such typical
relation between total number and the diameter of the etch pit for electrolysis and the corresponding control experiment.
The electrolysis has been carried out under constant DC 20 mA application for 168 h with Li»SO4/D,0 solution, in
this case.

Besides, there are several ambiguous runs hard to be excluded from positive result. Accordingly, we have focused
our interest on only the impressive positive result in this study. The marked difference in number of etch pit and in
the distribution of etch pit diameter between electrolysis and control experiment has been observed in one out of seven
electrolysis conditions for D, O solution.

The only significant difference is obtained from the current pattern “20 mA/24 h-R” by the LioSO4/D, O electrolysis,
as shown in Table 1. Figure 5 provides the distribution as the relation between total number and the diameter of the
etch pit for these electrolysis and control experiments. The number of etch pit for electrolysis quite different from that
for control experiment is seen in the figure. There exists no peak in the distribution for the control experiment, similar
to that in Fig. 4. While a semi-Gaussian distribution with large number of etch pit ranging 7-12 pm is seen for the
electrolysis experiment. It should be pointed out, as mentioned above, that the difference of etch pit diameter between
electrolysis and control experiment will not always appear in each run, even though the electrolysis is carried out under
the same experimental condition.

The impressive difference in number of etch pit has been occasionally observed in two out of five electrolysis
conditions for H,O solution as well as D>O solution. The marked increase in number of etch pit for electrolysis
experiment has been obtained commonly using the current pattern “3—160 mA” for the H>O solution, as shown in
Table 1. Figure 6 shows one of these distributions for LIOH/H, O electrolysis. Only two etch pits have been observed
for the control experiment. Contrary, considerable large number of 638 has been observed on single CR-39 chip for
electrolysis experiment. Thus, the data for control experiment is excluded from the figure; it presents rare but possible
feature.

Even though the pits with shallow form having narrow darker rim in the microscope are usually not distinguished
from those with deeper bottom having much darker wide in this study, the 638 pits are classified into two types. One
with shallow form and the other with deeper bottom are designated “U” and “V” in Fig. 6, respectively. Similar semi-
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Gaussian distribution to that seen in Fig. 5 with a large number of etch pit ranging 6-12 pm is also seen in Fig. 6. It is
interesting to note that the distribution of “U” looks different from that of “V”. There exists a possibility that the two
distributions correspond to two particles with different energies of the order of MeV.

It is demonstrated that the impressive increasing number of pit on the CR-39 chips could be attributed to a nuclear
process occurring at the Ni film electrode in the operating electrolysis cell. The common key factors to increase number
of the anomalous etch pit for both D,O and H,O solutions might be Ni film cathode, the long electrolysis time of 168 h
and Li in the electrolyte solution. The diffusion constant of D/H in Ni is so small that the density of D/H in near surface
of Ni film cathode could be saturated in short time. Consequently, the density of D/H in the uppermost surface region
of Ni film might become large enough for the LENR to occur within the 168 h after beginning of electrolysis.

It has already been confirmed that the current flowing through the metal cathode, the solution temperature and
mechanical stirring of solution have no effect on producing tracks at all [6].

4. Conclusion

A simple experimental technique using thin Ni film in conjunction with the track detector CR-39 is presented to detect
energetic charged particles produced by a nuclear reaction in heavy and light water electrolysis. Anomalous increase
in number of etch pit has been observed in one out of seven and two out of five electrolysis conditions for D,O and
H>O solutions, respectively.

The result suggests a LENR occurring on the Ni film cathode during the light-water electrolysis as well as the heavy
water one. The common factors to increase number of the anomalous etch pit in the CR-39 chip might be Ni film
cathode, the long electrolysis time and Li in the electrolyte solution. All the results indicate a characteristic of LENR
in the electrolysis that the reaction does not always takes place in every electrolysis experiment but occasionally does
under the same experimental condition.
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Abstract

According to the measuring results of our paper presented at ICCF15 (2009), helium as an important evidence of solid-state fusion
has been confirmed clearly by mass analyzer “QMS”. After one solid fusion cycle, the produced helium remained inside the particles.
To measure the quantity of helium correctly, the residual helium inside these particles must be completely removed. However, it is
not very easy. In this paper, one of the methods to solve the problem of the removal from the nano-Pd particle is discussed.

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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1. Introduction

Gas loading experiment has been a very important research trend of Low Energy Nuclear Reactions (LENR). We
published our nano-Pd studies of excess heat and helium-4 using a new vessel at ICC15 (2009) [1]. The nano-scale Pd
particle is attracting more and more researchers to study due to its unique properties [2]. In that paper, throughout the
investigation of excess heat and helium-4, we have confirmed the occurrence of “Solid Fusion” by applying nano-Pd
powder in D, gas loading system. As to measure the quantity of helium correctly, the removal of helium-4 from nano-Pd
powder are very important. Therefore, we try to discuss about how to dissolve this problem in this paper.

2. Experimental and Discussion
2.1. The importance of Pd/D ratio for Solid Fusion

Pd/D ratio is an very important factor for solid fusion. Deuteron diffusing into Palladium expands the lattice. Because
of this counter force, most palladium takes-up 0.5-0.7 parts deuteron. Generally very high pressures are needed to get
palladium to uptake deuteron beyond PdDO0.7. And it is well known that the D/Pd ratio larger than 0.88 is favorable to
observe an excess heat during the loading of palladium with deuterium [3.,4].

*E-mail: arata@casi.osaka-u.ac.jp

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123



14 X.F. Wang and Y. Arata / Journal of Condensed Matter Nuclear Science 13 (2014) 13-18

Zr0» L pas(~s08)
Figure 1. Nano-scale Pd embedded in ZrO».

As shown in Fig. 1, the specimens, discussed in this paper, are nano-scale Pd particles with clusters of about 50
A in diameter embedded in ZrO, matrix [5].

It is well known that nanometer-sized particles display intrinsic different characteristics from those of the corre-
sponding bulk materials due to their unique nanometer-scale structure. The nano-Pd particles work more effectively
to absorb large amounts of deuterium and then cause solid fusion attributing to the relative large specific surface area.
Therefore, the “solid (state) deuterium”, namely the nuclear fuel, was successfully prepared. The”solid deuterium”is
an ultrahigh density deuterium metallic lattice.

We have investigated that D atoms exhibit more stronger effect within host metal clusters and large amounts of
D atoms more than 300% against the host atoms can be absorbed in nano-Pd particles, as shown in Fig. 2. Further

Pian, Inner pressure [atm]

m*, Atomic ratio [%]

Figure 2. D(H)/Pd =2.9 at 100 atm.
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Figure 3. D/H Absorption characteristics of ZrO, powder.

investigation shows that ZrO, powder did not absorb D; as shown in Fig. 3 ( Fig. 1 (C) of [5]).

Figure 2 shows the relationship between the applied pressure and the atomic ratio of D/Pd. The results demonstrate
that D, gas is quickly absorbed more than 200 and 250% in the number density of atoms into Pd clusters under the
conditions of less than atmospheric pressure and around 3 atm, respectively. Furthermore, an enhancement of absorption
up to 290% is gained under such high applied pressure as 100 atm.

2.2. The residual helium-4

As shown in Fig. 4, large amounts of D-atoms absorbed inside nano-Pd are solidified as ultrahigh deuterium-lump (Py-
cnodeuterium) inside each octahedral space of unit cell of the host Pd lattice [5]. These pycnodeuterium are dispersed
to form”metallic deuterium lattice”with body centered cuboctahedron structure, as shown in the right photograph of
Fig. 4.

Based on our previous experimental and theoretical analyses results, the high density solid-deuterium fused inside
the host Pd lattice (Octa-vessel) by the reaction equation as follows [5],

D 4 7D = JHe + lattice energy.

According to our previous results of solid fusion, helium-4 remained inside both gas and particles after one solid
fusion cycle [1]. Therefore, to measure helium-4, the measure process is divided into two parts (two steps), namely the
removing of helium-4 from gas and Pd particles, respectively.
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Figure 4. Existence position of deuterium in Pd.
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The exhausting of helium-4 from gas is relatively easy. Applying our measure apparatus, the quadrupole mass
spectrometer (QMS) (Fig. 5), the amounts of helium-4 inside reaction gas after one solid fusion cycle can be detected

[6].

However, the measurement of helium-4 inside Pd particles is not so easy as gas. According to the results of the
previous analysis, it is extremely difficult to completely remove helium-4 from Pd particles. The removing of the
residual helium-4 inside Pd particles could not be expected unless by heating up to high temperature and/or dissolving
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Figure 7. The photo of heating facility.

in liquid solution [5].

As stated in the previous report [7], elements released from highly deuterated sample placed in the “closed QMS”
with high vacuum (23 x 10~ Torr) are trapped inside the apparatus indefinitely. Helium will continue to exist under
the effect of the “getter action” of Ti-Getter pump, shown in Fig. 5. However, the hydrogen series elements and others
vanish or diminish to the limit of the Ti-Getter pump’s functional limit. Thus the existence of helium-4 is accurately
determined.

In our previous works, we have investigated the releasing action of helium-4 using “limited QMS”(powder inside
it can be heated up to over 1300°) from highly deuterated Pd sample [8], as shown in Fig. 6. In Fig. 6, (A) shows the
characteristic of “Sample A” (highly deuterated Pd-black) at room temperature in high vacuum, long period (=108 Torr
during 6 h. No “couple spectrum” (spectrum of helium-4 and deuteron) can be observed in this case. That is to say
that no helium-4 released from sample A. (B) in Fig. 6 shows effect of only “heat” on the above “Sample A” and clear
“coupled spectrum” (helium-4 and deuteron) takes place under high temperature and high vacuum (~1300°C, 21078
Torr). (C) in Fig. 6 shows effect of “reheat” on the above heated sample A (“ Sample B”) in (B). Before reheat, all
gases released from “Sample B” were thoroughly evacuated under room temperature, high vacuum and long period
(0.7x 107 8Torr, 6 h). And when “Sample B” is again heated under the same condition, “couple spectrum” was clearly
regenerated.

That is to say, at present, helium-4 inside Pd particles cannot be completely released even heated ramping to 1300°C.

=]

Eas
[ml]nc’hr Pd-filter

Figure 8. Schematic diagram of the apparatus.
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2.3. Heating facility

On the basis of those considerations mentioned above, for the production analysis of Solid Fusion, the relationship
between the temperature and helium-4 released from nano-Pd particles should be clarified firstly. Therefore, we designed
a new heating facility, as shown in Fig. 7.

This heating facility consists of four major parts: heater, gas collector, gas filter and vacuum, as illustrated in Fig. 8.
At present, the heat range is designed up to only 1300°C . This temperature is not enough to remove all of helium-4
inside Pd powders. And we are making our efforts to increase the heating ability of this apparatus to fit the temperature
requirement.

This heating facility can be used to investigate the characteristic of the extraction of helium-4 from nano-Pd powder
after one gas loading cycle. It can also be used to investigate the relationship between the temperature and the release
of helium-4 after solid fusion.

Helium-4, due to it’s unique properties, has been used for leak detection, airships, balloon, scientific uses, and so
on. Therefore, as bypass production of solid fusion, helium-4 production can also be expected. The concentrating and
collecting of the helium-4 can also be made using this heating facility for use later.

In a word, it is necessary for us to make more efforts on the research of the residual helium-4 using above heating
facility.

3. Conclusions

To measure helium-4 correctly, after one Solid Fusion cycle, one of the possible methods, heating is discussion in this
paper.

Helium-4 inside Pd particles cannot be completely released even by heat ramping to 1300°. It is necessary to make
more efforts on the research of the residual helium-4 inside nano-Pd particles.

A new heat facility is designed to investigate the characteristics of helium-4 inside nano-Pd particles after gas
loading. And then concentrating and collecting of helium-4 can also be expected using this heat facility.
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Abstract

The installation permitting to investigate gamma, X-ray and neutron radiations emitted by metals loaded with protium—deuterium
mixture at temperature up to 750°C and pressure up to 100 bar is created. It was discovered that LaNi5 powder, nickel and beryllium
are radiated presumably X-rays and neutrons. Radiation emission occurs in the form of short bursts or series of bursts lasting up to
several tens of minutes.

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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1. Introduction

Detailed study of nickel-hydrogen system properties, provided by F. Piantelli, S. Focardi, A. Rossi and other researchers,
clearly showed that in this system occurs not only chemical but also Low-Energy Nuclear Reactions [1-3]. Based on
these studies, installation emitting hundreds kilowatts of energy have been created with a very low hydrogen consumption
[4,5].

Our researches have purposed to check the presence of nuclear transmutations in loading of different metals by
hydrogen with registration of radiation with which the nuclear transformations should be accompanied. Apart from
nickel, we investigated intermetallic compound type of LaNis, which is able to absorb hydrogen multiply exceeds a
pure nickel [6]. Beryllium was investigated as material which has ability to undergo cold transmutations is predicted
by Erzion model [7-10].
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Figure 1. The experimental set-up. Left—a view with a complex of measuring apparatus, right — without it.1- vessel with protium—deuterium
mixture, 2- manometer, 3 — cylindrical cell containing substance under investigation, 4 — electric heater, 5 —collimator for gamma source, 6— offshoot
to the vacuum pump, 7 — heater power regulator.

2. The Experimental Set-Up

The experimental set-up (Fig. 1) consists of a vessel with protium—deuterium mixture under the pressure of several
tens of atmospheres: (1) the intermediate pipe and the cylindrical cell, (3) containing substance for investgation. The
cell is surrounded by electric heater (4) that provides heating up to 700°C. The intermediate pipe has offshoots to the
manometer (2) and oil-free vacaum pump (6). The temperature of the cell is measured using thermocouples mounted
on it. Determination of investigated substance saturation degree was by dimension of hydrogen pressure changing in
the vessel of known volume.

Particular attention was paid to the registration of radiation that may arise during experiments (Fig. 2). A counter
with NaJ (TI) scintillator @340 x 40 mm was used for detecting gamma radiation. In adition to it, four Geiger counters
were used in the experiments. Two counters have a window made of thin mica (about 10 xm thick). Such counters are
able to detect X-rays and gamma rays with quanta energies as low as several keV, beta radiation and even alpha particles.
One of them was covered with 2 mm thick Teflon layer. In addition, two Geiger counters with metallic walls were also
used with one of them also carrying additional 2 mm Teflon layer. These counters are able to detect gamma rays with
quanta energies above 50 keV and beta particle energies above 0.5 MeV. For the detection of neutrons 3He-counter,
located in water serving as a moderating medium, is used. Such detector possesses high and approximately the same
sensitivity to neutrons over a wide energy range — from 10s of eV to several MeV, coupled with extremely low sensitivity
to gamma radiation.

We used a specially equipped computer for automatically recording temperature and count rate of radiation detectors
information. The peculiarity of the used recording system is the ability to record short bursts.

3. Investigations of Thermodynamic Properties of Researched Substances

Figure 3 shows a typical course of interaction between doped LaNi5 powder and hydrogen: loading and releasing when
heated in fixed volume. Short-term opening of the vessel with hydrogen leads to a jump in pressure, which immediately
begins to drop as a result of hydrogen absorption. This is accompanied by an increase of the cell temperature by
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Figure 2. Equipment complex for radiation and thermal measurements.

several °C. After switching on the external heater at a temperature near 80°C begins a rapid release of absorbed
hydrogen, resulting in rapid growth of the pressure. After reaching a temperature of 250°C, the pressure is almost
stabilized and may even decline, despite the rising temperature. This effect can be explained by the fact that in this
temperature range, absorption capacity of powder as the pressure increases faster than the release of hydrogen associated
with the heating. After turning off the heater, a rapid decrease of pressure begins only after the temperature drops below
200°C. After cooling to room temperature, the pressure returns to a value close to the initial.

The pressure diagrams obtained in the experiments with nickel and beryllium are similar to the diagrams obtained
in the experiments with LaNis, but pressure modifications are less, as ability of these substances to absorb hydrogen is
smaller than LaNis.

4. Detection of Neutron Radiation

The character of signals registered by >He neutron counter in the experiments with nickel and beryllium foils and with
nickel powder, is similar (Fig. 4). Registration of neutrons, is authentic exceeding background, is observed only at
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Figure 3. Typical course of interaction between doped LaNis powder and hydrogen. Hydrogen injection leads to a jump in pressure, which
immediately begins to drop as a result of hydrogen absorption. This is accompanied by an increase of the cell temperature by several °C. At
temperature of 80°C begins a rapid release of absorbed hydrogen, resulting in rapid growth of the pressure. After reaching a temperature of 250°C,
the pressure is almost stabilized. After cooling to room temperature, the pressure returns to a value close to the initial.
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Figure 4. Character of signals registered by 3He neutron counter. One registered impulse corresponds approximately 200 emitted neutrons.

temperatures above 200-300°C, and count rate fluctuates over a wide range. Common number of emitted neutrons -
from several tens of thousands up to several hundred thousands in one experimental run.

Differently LaNi5; powder exhibits. Signals from the counter of neutrons have an aspect of separate short bursts
appearing even at room temperature. Let us consider some experiments closer. In Fig. 5, the outcomes one from exper-
iments with nickel powder are shown. During 60 min, 1230 impulses over background are registered. It corresponds to
245,600 neutrons emitted from the sample. The intensive neutron counter impulses registration happened at pressure
64 bar and temperature 250-350°C.

In Fig. 6, the outcomes one from experiments with beryllium foil are shown. During 25 min, 232 impulses over
background are registered. It corresponds to 46,400 neutrons emitted from the sample. The intensive neutron counter
impulses registration happened at pressure about 56 bar and temperature 250-350°C.

In one experiment with nickel powder by means of alternative activation measuring technique, we checked that the
used 3He counter registered just neutrons (see Fig. 7). From 15:21 till 15:44 June 5 the neutron counter has registered
577 pulses over background. It corresponds to 11,5000 neutrons, emitted from the sample. The radiation of neutrons
happened at pressure 61 bar and temperature about 350°C.

Same time on a distance about 4 cm from the sample, the indium foil by square 6.6 cm? and 0.35 mm thickness was
placed. The measurement of indium activity was made by means of thin mica window Geiger counter. The measured
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Figure5. Experiment with nickel powder. From 14:30 till 16:30 1230 impulses over background are registered. Intensive neutron counter impulses
registration happened at pressure 64 bar and temperature 200-350°C.

count rate of activated indium foil in view of a decay with a half-life 54 min was (0.432 % 0.022 s~!). Background
was (0.383 4 0.016 s—1). With the account of beta particles absorption in a foil and counter window it corresponds to
indium activity (0.6 & 0,3) Bq. Such activity could be created by neutrons flux 2000 cm~2. In view of geometry full
number of the radiated neutrons 400,000 £ 200,000, which is equal (115,000 £ 500) neutrons.

Taking into account neutron spectrum uncertainty and weakness of activation effect, it is possible to recognize
satisfactory fit of two methods measurements. It confirms the neutron reason of neutron counter impulses.

In difference from experiments with a nickel and beryllium, the signals from loaded by hydrogen LaNi5 sample
has an aspect of separate short bursts (Fig. 8). It is visible that count rate bursts happen not only at high temperature
and pressure, but also at room temperature and pressure close to atmospheric. It confirms experiment realized at room
temperature in air environment at atmospheric pressure (Fig. 9).

Figure 10 shows time intervals distribution for small (four neutron events in counter) neutron bursts which gives us
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Figure 6. Experiment with beryllium foil. From 13:55 till 14:20 232 impulses over background are registered. It corresponds to 46,400 neutrons
emitted from the sample. The intensive neutron counter impulses registration happened at pressure about 56 bar and temperature 250-350°C.
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mean time interval value about 5 s in experiment with Ni powder loaded by hydrogen. Neutron bursts emission from
LaNis sample were found out in a wide range of temperatures (from room temperature to 650°C) and pressures (from
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Figure 9. Count rate of 3He neutron counter, wrapped up in cadmium sheet. Arrangement under cadmium of LaNis sample, loaded by deuterium,
increases significantly of bursts frequency and amplitude.
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atmospheric pressure to 75 bar) and at different ratios of deuterium—protium (from tenths of percents up to 100%).
Mandatory condition of bursts emission is sufficiently high saturation with hydrogen — greater than one hydrogen atom
per one LaNiscluster.

5. Gamma and X-ray Detectors Measurements

Detection of gamma radiation with photon energy with the threshold of about 50 keV by means of metallic Geiger
counter and scintillation gamma-radiometer not found any effects. The most productive were Geiger counters with thin
mica window, including a counter screened with Teflon. The emission occurs mainly in the form of short bursts or
series of bursts lasting up to several minutes. Usually bursts in different detectors did not coincide in time. But several
instances of quite credible coincide in two and three channels were registered.

In Fig. 11, two series of count rate bursts of the thin window Geiger counter and two series of a signal from the
neutron counter which is not were synchronized to bursts, registered by the Geiger counter are visible. Two Geiger
counters with metal walls not revealed noticeable effects at this time.

Figure 12 shows example of bursts synchronously recorded by three detectors. The strongest count rate bursts, as
usual, gave a counter with a thin mica window — the excess above the background up to 200 times. Counter screened
by Teflon gave peaks in excess of 10 times higher than the background value. Splash of more than four times of the
background gave the metal counter, screened by Teflon, while the counter with metal walls and no Teflon layer did not
give signals rising above background.

What did counters register? Detection of gamma radiation by means of metal Geiger counter and the scintillation

Events number
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g l .,..IIJ_l_lﬂII_II_IIIIII =
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Figure 10. Time intervals distribution for which recorded every four events between 15:22 and 15:44, when the effect was strongest (06.06.12).
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Figure 11. Bursts registered by thin window Geiger counter and 3He neutron counter during experiment with nickel foil.

gamma-radiometer with energy threshold of about 50 keV did not reveal any effects, as noted above. Consequently,
registered radiation cannot be gamma rays with energies above 50 keV. Such radiation would have made all the counters
to respond. The assumption that it was beta radiation does not hold either, because beta particles with energies of less
than 0.5 MeV, which cannot be registered by metallic Geiger counter, also would not have been registered by counters
with a Teflon layer which is thick enough to absorb such beta particles completely. But they did show the effect. For
the same reasons, any strongly ionizing radiation like alpha particles must be excluded from consideration.

The only radiation whose properties can explain the totality of the results is the X-rays with photon energies less
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Figure 12. Synchronous count rate bursts of two Geiger counters with thin windows, one of which is screened with Teflon thickness of 2 mm
(top) and count rate spike of Geiger counter with a metal wall (middle). Counter not covered with Teflon showed no discernible signals over the
background level.
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20 keV. It is almost completely absorbed by thin layers of materials with sufficiently high atomic weight, such as iron
or copper, and only weakly attenuated by substances with low atomic weight, including Teflon. The walls of the metal
used in our Geiger counters are made of stainless steel with a thickness of 0.1 mm. Such wall weakens X-rays with
energies of 20 keV to more than 10 times, whereas the Teflon layer thickness of 2 mm reduces it only two times. It
is clear that such radiation could hardly be registered by counters with metals walls but can easily produce significant
effects in counters with thin window even if they are covered with Teflon.

However, analyzed sample cannot be the immediate source of registered X-rays with energies of about 20 keV
because it is located in metallic vessel with walls thick enough to cause a complete absorption of this kind of radiation.
It can be assumed that the powder emits a kind of radiation, having a relatively high penetrating power, which generates
X-rays outside of the vessel, during interactions with Teflon or other substances. This may explain the fact that the
bursts were observed in the metal counter, only if it was covered with Teflon.

6. Conclusions

e LaNis powder loaded by hydrogen, and also nickel and beryllium in atmosphere of hydrogen at the increased
pressure and temperature, are radiated presumably X-rays and neutrons. It indicates that in these substances
under some conditions happen not only chemical or structural modifications, but also nuclear.

e Radiation emission occurs in the form of short bursts or series of bursts lasting up to several tens of minutes.

e Radiation emission occurs at different ratios of deuterium—protium (from 10s of percents up to 100%).

e Radiation emission from a nickel and beryllium are found out at pressure above 50 bar and temperature above
200°C.

e Radiation emission from LaNis powder occur at a sufficiently high saturation with hydrogen — greater than
one hydrogen atom per one LaNiscluster.

e Radiation emission from LaNi; powder occur in a wide range of temperatures (from room temperature to
650°C) and pressures (from atmospheric pressure to 75 bar).

e Neutron generation corresponds up to ~500,000 neutrons emitted from the sample during ~1 h.

e Time intervals distribution for small (four neutron events in counter) neutron bursts gives mean time interval
value about 5 s
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Abstract

A short review of Cold Nuclear Transmutation for 22 years after its discovery is presented. I describe the main physical results of
the Rossi—Focardi experiment and our experiment with hydrogen loading of various metals. I propose the Erzion Model of Catalytic
Nuclear Transmutation as the theoretical explanation of the generation of excess heat, new chemical elements and isotopes, X-rays
and neutron radiation in these experiments.
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1. Introduction

Twenty-three years ago Martin Fleischmann, Stanley Pons and Steven Jones declared the opening of a new nuclear
physics phenomenon — cold nuclear fusion (CNF) [1,2], capable of becoming in the near future the basis for a new
simple, safe and efficient form of nuclear power. In March 23 at the press conference in the University of Utah, Martin
Fleischmann and Stanley Pons announced a simple electrolysis experiment with heavy water and excess heat up to 3 W
with 1 W of input power.

To understand the mechanism of this new effect, it is possible that the most significant there were the results obtained
in the Bombay Atomic Center by nuclear physicists of 11 independent groups, which a year later showed that the excess
energy in high current heavy water electrolysis are observed with a very abnormal ratio of the neutron to tritium yield,
relatively to a standard mechanism for nuclear fusion [3]. The yield of tritium relative to energy output is 1000 times
smaller, and the neutron flux is suppressed, even a million times (3—11 orders of magnitude of suppression in different
groups). After this, the researchers realized that they were dealing with a new mechanism in nuclear physics, and
changed its name from CNF to CMNS or CNT.

By now the international CMNS community has discovered many different methods of stimulating this process.
These methods include the use of laser illumination; thermodynamic and ultrasonic cavitation; temperature and pressure
cycling in the gas phase; using plasma electrolysis, etc. Piantelli and Focardi spent 20 years investigating the mechanism

*E-mail: erzion@mail.ru

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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of nickel loaded with usual hydrogen, and had some success [4,5,11]. The Italian engineer Rossi saw the simplicity of
the Piantelli cell and invested his own capital in this process. Together with Focardi, Rossi has been able to make an
industrial variant of this cell even without a true understanding of the physical mechanism of it [9,10]. Thus, Rossi and
Focardi may had great success in energy production, though perhaps not yet in the most optimal variant of it.

On 14 January 2011, the University of Bologna physics department held an online conference in which scientists
and journalists were shown a working prototype of the reactor with a capacity of 12 kW, operating on the principle of
cold nuclear transmutation [8]. Analysis with a spectrometer at the University in Uppsala, Sweden, showed that the
initial powder consists mainly of pure nickel, while the used powder contains a number of other substances — 10%
copper, 11% iron, and smaller percentages of cobalt and zinc. “Given that copper is not one of the additives used as a
catalyst of copper, isotopes Cu®? and Cu® can only be obtained during the nuclear process. This is evidence that nuclear
reactions took place,’said Kullander. Swedish researchers concluded: “Given 25 kW from the container volume of
50 cm? any chemical process should be excluded. There is only one alternative explanation for the fact of the measured
energy. This is a new nuclear process.”

On 6 October 2011 A. Rossi demonstrated a large set of E-Cat (37 modules, 3 cells each) with an output of thermal
power ~ 1 MW [6,7]. On October 28, 2011, Rossi showed his first megawatt reactor for its first client, and the client’s
engineers and scientists, checked his work. Due to some problems reactor produced 470 kW of continuous power for
5.5 h in self-sustaining mode [12]. Due to the use of a fully autonomous mode the reactor could not be run at full
capacity, but what he did was quite impressive. He demonstrated for 5.5 h with the heat production capacity of 470 kW,
a self-sustaining mode.

In our similar experimental studies (in a separate report presented at this conference) with hydrogenation and heating
of various metals, we have conclusively identified the generation of X-rays, neutron radiation and we also obtained the
possible indication of new isotopes and chemical elements generation.

2. Interpretation of Our Results and the E-Cat Results within Erzion Catalysis Model

To explain the phenomenon of Cold Nuclear Transmutation (CNT) over the 23 years about a hundred of theoretical
models have been proposed. However, most of them only explain the mechanism of removing a potential barrier for
nuclear fusion. Others suggested more radical new channels of nuclear reactions, thus providing a process CNT. The
Erzion Catalysis Model [13-15], which appeared as early as 1990 is one of them.

The result of the E-Cat work and our similar experimental studies (in a separate report presented at this conference)
with hydrogenation and heating of various metals give a natural explanation in the framework of the Erzion Catalysis
Model, assuming the existence in nature of new hadrons — Erzions proposed even earlier (1982) in order to explain a
number of cosmic ray anomalies [16,18-20].

Erzions are a pair of stable heavy mesons (E?, E™), the existence of which has a strong foundation in the framework
of the Mirror Model [14,15,17]. A consequence of the quantum numbers of the Erzion doublet has a nuclear force of
repulsion in the interaction with ordinary nuclei. Thus, the meson — Erzion cannot be captured by nuclei, and only with
the nuclons can form a stable bound singlet state Erziobarion or 5-quark bag, which we called as Enion (Ex = {U *,
u, u, d, d}). As can be seen in Fig. 1, this particle can be dissociated or a charged pair (EN =E"+p- AE;j),orina
neutral pair (E® + n - A E) upon receipt by it of additional energy (A E;= 7,80 MeV) or (A E»= 6.15 MeV).

The basic model of the Catalytic Erzion Nuclear Transmutation (CENTM), created specifically to explain the
phenomenon of cold fusion (or rather the Cold Transmutation of nuclei), is the assumption of the existence of matter
in the bound state of Enions and nuclei with a very low concentration (C ~10~"> per nucleon). The bound energies
- Ep= (1-100 eV) are very small. The Enion can bind to nuclei of some elements (donor isotopes) and can be stored
for a long time for them to release due to a collision or impact of electromagnetic radiation. Enions are of relict origin,
and came to earth mainly in the primary cosmic radiation.
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Figure 1. The Erzions and Enion structural quark scheme.

As previously reported, the Erzion nuclei cannot exist in principle and therefore Erzion and Enions can only
participate in the exchange nuclear reactions (not capture) with preservation of “Erzion numbers”. Thus, Enions can
become Erzion (E~or EY), and Erzion changes sign or charge (E~ = E°; E® = E™), or convert to Ey.

In principle, any possible implementation of the six Erzion-exchange reactions (Ex = E°,Ex = E~, E* =
E~, E = En, E- = E°, E~ = Ey) [21].

3. Nuclear Transmutation and Calorimetry

Nuclear catalysis for metal hydride experiments is provided by heating nickel hydride to a high temperature (~700 K)
at which due to the collision mechanism on the lightest donor isotope — proton (Epopg ~ 1.5 €V) Enions can become
free, which has, in turn, triggers catalytic chain Erzion exothermic nuclear reactions [17].

At the 5th RCCNT conference in 1997 my report “Local and global transmutation of nuclei in Erzion model”
was presented and later published in the Proceedings of RCCNT-5 [22]. I looked at the successive chain of nuclear
transmutations, not only for all isotopes of the primary chemical element titanium (Ti), but in all of its daughter isotopes
in the 14 stages of such a transmutation. Here it is done the same job, but for the original set of all stable isotopes
of nickel. The fact is that for large nuclear sections of nuclear reactions of Erzion catalysis the daughter nuclei are
accumulated at a very small (micron) distance from the primary reaction, and the frequency of their accumulation is
huge (in the gigahertz range), so it quickly achieves a high concentration of daughter isotopes in this small volume, and
effectively begins to produce second stage transmutation chains, third stage, and so on. Let us consider only two steps
of the nickel nuclear transformations.

At the first stage, the five stable isotopes of nickel are as follows from Erzion-nuclear catalytic exchange reactions:

N2 (E~, EDCo® (BT, &) + 2.45 MeV, 1)

Ni% (Ey, E9)Ni¥ (&) + 2.95 MeV, @)
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Ni®(Ex, E)Ni®! 4 1.77 MeV, (3)
Ni®! (Ex, E)Ni®? 4 4.55 MeV, “4)
Ni®'(E~, E®)Co®!(87) + 1.51 MeV, (5)
Ni®?(Ex, E)Ni®*(87) + 0.79 MeV, (6)
Ni®(Ex, E)Ni®(87) + 0.05 MeV. (7

Thus, the first stage brings ever new nine subsidiaries of radioactive and stable isotopes, taking into account the 8
decay B+, - decays and ¢ - e capture): Fed8, Co®8, Co%?, Co®l, Ni*%, Nif3, Ni®, Cu®3, and Cu®.

At the second stage these nine radioactive and stable isotopes are the following, based on the Erzion-nuclear catalytic
exchange reaction:

Fe'¥ (En, E)Fe™ (87) + 0, 53 MeV, (8)
Co’8 (En, EY)Co» + 4.40 MeV, 9)
Co*®(En, ET)Ni?%(¢) + 0.49 MeV, (10)
Co®(E™, Ex)Fe’” + 1,15 MeV, (1)
Co®(E~, E)Fe®® +5.14 MeV, (12)
Co*® (En, E9)Co®°(87) + 1.44 MeV, (13)
Co*® (En, EDNi® + 1.43 MeV, (14)
Co>(E™, En)Fe’® +0.74 MeV, (15)

Co>’(E~,E)Fe(87) + 1.25 MeV, (16)
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Co®! (En, E)Co®%?(87) + 0.55 MeV, (17)
Co®'(En, ET)Ni®? + 3.04 MeV, (18)
Ni*? (Ex, E)Ni®® + 5.34 MeV, (19)
Ni*?(E~, E)Co™ +3.91 MeV, (20)
Ni® (Ex, E)Ni® + 3.61 MeV, Q1)

Ni% (Ex, E)Ni®®(87) +2.93 MeV, (22)

Ni% (Ex, E7)Cu®®(87) + 0.32 MeV. (23)

At the second stage and after, the generation of such radioactive isotopes is rather small. But as indicated below for
Ni®y -activity it may be dangerous (see next page). It is estimated that during the demonstration of only one module
of the generator E-Cat (October 6, 2011) at only 3 kW of power for about 3 h, Ni® y-activity on the order of the Curie
(Cu =3x 10'° Bq - decays per second) was produced. However, there are certain ways to suppress this, and perhaps
Rossi et al. found a way intuitively.

The isotopes of hydrogen are also possible from the following reactions:

H'(E",E)n (") +2.05MeV, (24)
H'(E~,En)y + 8.10 MeV, (25)
H?(En, E°) H? (87) 4+ 0.21 MeV, (26)
H?(E", Ex) H' + 3.83 MeV, 27)
H?*(E™,En)n(87) + 5.88 MeV, (28)
H?(En, E7)He* + 11.70 MeV. (29)

Thus, the second stage, too, produces nine new subsidiaries of radioactive and stable isotopes, taking into account
the radioactive 8 decay (8~ -decays and e-capture e): Fed7, Fe2, Co®, Co%2, Ni®, Cu®*, Cu®®, and Zn®®.
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At the third and subsequent stages, the accumulation of daughter isotopes in each subsequent phase will be re-
duced,and their concentration will decrease. Although these stages will continue more than 28 times and will work
enough with this collection to produce of more than 95 new isotopes.

So for these first two stages, the most effective for production of new isotopes must have worked enough to
produce four new chemical elements (Fe, Co, Cu, and Zn), which were observed by A. Rossi and C. Focardi in their
demonstration experiments. Among the 18 newly established isotopes, there will be six radioactive isotopes, of which
the most dangerous is the isotope Ni® hard y-rays with energy y-quanta of 1.48 (25% — probability of emission of
y-ray) and 1.115 (16%).

Energy absorption of y-rays in lead is a factor of 2.7 in its thickness of about 4 cm. It is estimated that during the
demonstration work of only one module of the E-Cat generator (October 6, 2011) in only 3 kW of power for about 3 h
should be established Ni®y -activity of the order of the Curie (Cu =3 x 100 Bq - decays per second). However, there
are methods to get rid of the y-rays. Perhaps Rossi and Focardi used one of these methods, intuitively.

The above was stated in principle possible to provide Erzion Models catalysis of nuclear reactions to release of
nuclear energy.

The order of magnitude of power in the Rossi experiment is in agreement with its estimation in the framework of
the Erzion model.

According to references [6-10] in the E-cat about 100 g of Ni and 1.5 g of hydrogen are used, which is about 10?4
of these atoms. In this case, the light nuclei of hydrogen are in a bound state of Enions (with concentration C ~ 10~ 13
per nucleon) in the amount of 10%, which are very loosely connected with the nuclei (Ey ~ 1.5 eV), and when heated
can let go and start a chain of exothermic catalytic Erzion nuclear reactions [17,18] at giant speeds (gigahertz). The
frequency of Erzion chain of nuclear reactions in the E-Cat cell is f ~ 10'® Hz, and the power of the energy released
only 10% of Enions is about ~10 kW.

However, it should be borne in mind that the nuclear chain reaction will be closed only by a single reaction (27),
in which neutral Erzion turns into Enion, but the responses to the transformation of Enions to Erzions — all the rest.
Therefore, the deuterium is essential in the working body of the fuel system and in natural hydrogen to only 1.5 x
10~%%. The total amount of nuclear energy produced for the entire cycle of the E-cat with 1.5 g of hydrogen will be
limited to the value of ~30 MJ, and a full time job at a power setting of ~10 kW will be only one hour.

In our first series of experiments, we used a metal hydride as a hydrogen absorbent metal intermetallic
LaNiy,75Alp.25,very rich 20 years ago to the state of deuterium LaNig 75Alp25Ds 5 [23]. Therefore, we consider
all Erzion-nuclear catalytic exchange reactions at the first stage on stable isotopes of La and Al, and Be used in the
recent series of experiments:

Be’ (En, E))Be!? + 0.76 MeV, (30)
Be’(E?, En)Be® + 4.38 MeV, (31)
Be!®(Ex, E7)B! +3.13 MeV, (32)
AI”7 (Ex, E)AI?® + 1.68 MeV, (33)

AI*7(Ey, E7)Si?® +3.49 MeV, (34)
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La'3®(En, E®) La'*® + 2.73 MeV, (35)
La'*8(E~, Ex)Ba'®” 4 2.02 MeV, (36)
La'3¥(E~, E)Ba'*® + 4.58 MeV, (37)
La'*%(En, E7)Ce!* +0.04 MeV, (38)
La'*(E~, Ex)Ba'*® + 1.85 MeV, (39)
La'*(E~, E)Ba*’(87) 4 0.52 MeV. (40)

Twenty years after a sample was placed in storage, an analysis by a scanning electron microscope showed that it
included about 5% copper and cerium. It is possible that the action of natural radioactivity and cosmic rays launched
Erzion catalytic mechanisms of nuclear transmutation, which due to nuclear reactions(6), (7) and (38) provided the
operating time of copper and cerium. By the way, this is just as it was at the Rossi and Focardi with operating 10% of
copper from pure nickel, but for a shorter period due to the necessary process intensification temperature.

4. The Generation of Neutrons and X-ray

As is evident from the above, 40 Erzion nuclear exchange reactions with all stable isotopes of the major chemical
elements involved in our experiments (except beryllium), neutron generation occurs only in the nuclei of atoms of light
(proton) and heavy (deuteron) in the reactions of hydrogen, respectively (see reactions (24) and (28)).

In both these cases the reaction is provided by the negatively charged Erzion, which is generated by subsidiary
nuclei formed by the isotopes of primary nickel and hydrogen in the reactions (10), (14), (18), (23) and (29) or on the
primary isotope of La and Al in the intermetallic LaNi4 75Alp 25in the reactions (34) and (38).

In the beryllium, neutrons are produced by an instantaneous collapse of the daughter isotope Be® two a-particles,
neutrons, giving to the source nuclei in the reaction Be”:

Be’ (o, n)C!? + 5.6 MeV. (41)

Although it is less likely to be formed in the reactions of hydrogen (24) and (28) through the preliminary formation
of E~on the child Beloisotope in the reaction (32).

Because all neutrons generated in Erzion catalytic exothermic nuclear reactions chain from one initial Enion [17],
they are born in bursts.

We observed mainly in the intermetallic LaNi4 75Alp 25s0ft X-ray emission, which is due to the characteristic X-
radiation of nuclear La (E,, ~ 40 keV) in their transmutation in the reactions (35)—(40) or as nuclear Ni (E,, ~ 8 keV)
in reactions (1)—(23) with the emission of more soft X-rays.
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5. Conclusion

As seen from the above, the Erzion Catalysis Model simply and naturally explains the Rossi and Focardi experiments on
the fundamental level of a strictly scientific result. The model may also have a major prognostic potential for substantial
optimization of future power plants [24-27].

In the near future we can expect rapid development of Cold Nuclear Transmutation, both in the theoretical and
experimental plane. Large investments of financial capital will ensure a rapid breakthrough in the related fields of
science and technology. Civilization is rapidly moving into a new Energy Era.
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Abstract

The mechanism of the Fleischmann—Pons effect is not yet fully understood. It appears that in many occasions an oxide layer or an
insulating layer covers the surface of the active material. In this paper, we list a number of experiments displaying such situation
and suggest possible roles of these oxide layers.
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1. Introduction

It is well known that the Fleischmann—Pons effect needs specific situations where nuclear cold fusion reactions occur
[1]. It has been established that high loading is necessary in order to observe excess heat [2]. However, this condition
is not sufficient. For example, the variation of the flux of the deuterium through the surface of the palladium electrode
is also a necessity [2]. In order to understand the mechanism of Cold Fusion many theories have been developed to
explain the effect, but none of them is completely satisfactory. However, from an experimental point of view there are
indications that the metals involved in the reaction are rarely free of impurities. Various oxide films often cover their
surfaces. It is very possible that these layers play a role in the reaction. In this paper, we review some experimental
results showing the existence of such oxide films on the active metal surfaces. The existence of these oxide layers has
been observed both in electrolysis experiments and in gas-loading studies.
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2. Electrolysis Experiments
2.1. The original Fleischmann and Pons experiment

The original Fleischmann and Pons experiments were performed in Pyrex cells using LiOD as an electrolyte. This
solution being basic slowly etches the walls of the Pyrex container, and the etched material then deposits on the
palladium cathode. This behavior has been discussed in details by Lonchampt et al. [3]. Analysis of the deposit on the
electrode showed the presence of silicon, carbon, and oxygen [4]. The role of the oxide layer has been confirmed by
the impossibility of getting excess heat with Teflon cells unless oxide materials were added [5]. Studies using polymer
coated glass cells also failed to give any excess heat effects even when previously active electrodes were used [6].

The mechanism of formation of the oxide film can be described as follows: LiOD reacts with the Pyrex glass
producing lithium silicates in the electrolyte solution. Silicon and lithium based deposits form on both the cathode
and anode. Such deposits result in the production of a higher over-voltage on the electrodes. As a consequence, the
input power increases due to the fact that most experiments are performed at constant currents; the temperature may
then gradually rise up to boiling. On the other hand, the consequence of the cathodic deposit is an increase of the D™
electrochemical potential at the cathode, which in turn increases the loading of deuterium. As mentioned previously,
the higher loading helps the excess heat generation. This mechanism explains why long electrolysis times are required.

Fleischmann has proposed another approach to the role of the oxide layer [7]: the silicate deposit at the palladium
cathode blocks the surface and prevents the flow of the current for most of the surface of the electrode. The current
is then restricted to small regions of cracks in the silicate layer. In these regions, the current density becomes very
high, and because the over-voltage increases with the current density, the deuterium loading greatly increases. Another
advantage of the silicate layer is that it prevents de-loading by blocking the recombination of deuterium atoms at the
palladium-solution interface. The deuterium atoms enter through the cracks and are blocked elsewhere by the silicate
layer, therefore increasing the loading ratio, and this helps in producing excess heat.

2.2. Fleischmann/Imam/Miles

In order to help to create this surface oxide layer, Fleischmann/Imam/Miles [8] have added boron and cerium to the
palladium. With this method, excess heat has been obtained nearly every time [8]. The boron composition ranged
from 0.25 to 0.75 wt%, with boron/palladium atom ratios as high as 1:7. Excess power was observed much earlier than
normal and was readily measurable during the first 57 h of electrolysis in an isoperibolic calorimeter [9].

3. Gas Diffusion Experiments
3.1. Yamaguchi and Nishioka

As early as 1990, Yamaguchi and Nishioka [10] observed a gigantic neutron burst of (1-2) x 10° neutrons/s from
deuterated palladium plates with heterostructures in a vacuum chamber. An explosive release of D, gas, biaxial
bending of the samples, and excess heat was also observed at the same time. It was concluded that these phenomena
are caused by the cooperative production of deuterium atoms accumulation layers at the palladium surfaces due to the
controlled out-diffusion of deuterium atoms. Figure 1 shows a schematic of the palladium sample, with a thin film of
manganese oxide on one side and a gold film on the other.

3.2. Lipson et al.

Lipson et al. [11] have shown the production of 3 MeV protons, X-ray emission when deuterium desorbs from Pd/PdO
films. These observations are in agreement with those of Yamaguchi and Nishioka described above.
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Figure 1. Schematic of the palladium sample involving a thin film of manganese oxide on one side and a gold film on the other side.

3.3. Iwamura et al.

Iwamura et al. [12] have observed the transmutation of cesium into praseodymium and strontium into molybdenum by
permeation of deuterium gas through a palladium foil where a multilayer of palladium and CaO is deposited. Cesium
and strontium were deposited on the surface of the last palladium layer as shown in Fig. 2. Further experiments showed
the transmutation of barium into samarium [13].

3.4. Arata and Zhang

Arata and Zhang [14] using palladium and Pd—Ni nano-crystals embedded inside a zirconium oxide matrix have observed
excess heat as well as production of helium-4 without any input energy. Figure 3 shows that the Pd—Ni nano-crystals
produce more energy than the pure palladium. On the contrary no excess heat was observed with hydrogen.

3.5. Nickel-Copper-ZrO2

At 523 K, Miyoshi et al. [15] have shown that Ni-Cu—Zr oxide compound + deuterium produces an excess heat of 300
eV/nickel atom, whereas the hydrogen run was endothermic.

3.6. Zeolites

Zeolites are interesting oxides containing substrates for LENR . They are micro-porous crystalline inorganic hydrated
alumino-silicate materials having a highly regular structure of pores and chambers with extremely large surface areas.

Thin Pd Film : 400 A

—— CaO and Pd Layers
:1000 A

25mm x 25mm " Bulk Pd : 0.1mm

Figure 2. Transmutation experiments using multilayers of deposited palladium and calcium oxide.
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Figure 3. Comparison of excess heat results using palladium or Pd—-Ni nanocrystals embedded inside a zirconium oxide matrix.

The zeolite framework structure encloses cavities or pores occupied by cations such as sodium, potassium, cesium,
ammonium, and other ions. Figure 4 shows a schematic view of a zeolite.

Large internal electrostatic fields are present in the zeolite cages, making it an interesting nano-reactor to study
the possibility of deuterium fusion at room temperature. Zeolites have a three-dimensional pore structure with strong

electrostatic fields of 3 V/nm.
Addition of nano-particles of palladium in zeolite cavities produced significant temperature effects in the presence
of deuterium gas, whereas no increase in temperature was observed in the presence of hydrogen [16].

3.7. Palladium in alumina

Excess heat was observed in an alumina powder impregnated with palladium upon loading of deuterium in the compound.
No excess heat was observed when hydrogen was used [16].

Figure 4. Schematic view of cavities and pores in a zeolite/oxide structure.
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4. Discussion

Both electrochemical and gas phase experiments show that an insulating oxide layer on the palladium metal plays an
important role. In the first experiments performed by Fleischmann and Pons, Johnson-Mattey palladium was prepared
under cracked ammonia:

2NH3 — N, + 3H,.
Hydrogen converts oxides to H>O during melting
PdO + H, — Pd + H,O0.

The palladium oxide is converted to HoO vapor, minimizing PdO in the bulk palladium. This is probably the cause of
the good success for excess heat in the first experiments of Fleischmann and Pons. These results also suggest that the
oxides need to be present at the cathode surface rather than in the bulk palladium.

In the case of boron-doped palladium, the boron would react with and remove oxygen from the palladium bulk in
the form of the substance, B3, which would skim off the metal surface during the arc-melting process. It is possible
that some boron remains on the surface as BoO3. This may explain why it is not necessary to have long-term electrolysis
to produce excess heat in the Pd-B system.. Good reproducibility has been observed with this system.

Several experiments have shown that an insulating oxide layer also plays an important role in gas-loading experi-
ments.

5. Conclusion

It seems important not to have any metal oxide inside the metal, whereas an oxide film at the surface of the metal is
favorable for LENR. Excess heat has been observed in glass cells, but not in Teflon cells or polymer coated glass cells.
In glass cells, a long loading time is necessary in order to build the silicon oxide layer at the surface of the cathode, or
by adding aluminum oxide power in the electrolyte in order to quickly build an insulating oxide layer.

The oxide layer has several roles that can be important. On one hand, the electric field at the interface can be very
high and create conditions for LENR. On the other hand, it is difficult to say if the heat producing reactions occur mainly
at the interface or at the near surface of the metal. However, important effects due to deuterium in the bulk palladium
should not be ruled out.
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Abstract

This paper is a review of the work which I have performed on the subject of Cold Fusion alone or in collaboration with other scientists.
It covers a number of techniques such as solid-state electrolytes, electrolysis and gas diffusion. The experiments described below
produced positive results. I also tried many other techniques that failed, which are not described.
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1. Introduction

My interest in Cold Fusion started on the day the discovery was announced, March 23, 1989. However, since I am not
an electrochemist, I did not begin working in this field until 1993 when I met Francis Forrat, an engineer at the French
Atomic Energy Commission in Cadarache. Following this encounter, I started working with solid-state electrolytes.
Later, I continued with many different techniques including electrolysis and gas diffusion. In this paper, I described
my work in this field, which has continued almost 20 years.

2. Proton Conductors

When I met Forrat in 1993, I was at the Lawrence National Berkeley Laboratory working on two-dimensional surface
structures, a subject not related to LENR. Forrat had filed a French patent on a cold fusion technique using solid-state
electrolytes [1]. This non-liquid technique gave me the opportunity to engage myself in the field. On a non-official way,
I began experimenting with LaAlO3 single crystals with lanthanum vacancies. LaAlOj3 single crystals with lanthanum
vacancies have red color, whereas the stoichiometric crystals are white. As predicted by Forrat, when the samples are
loaded with hydrogen or deuterium, the red crystals with vacancies turn into white. This behavior indicates that the
lanthanum vacancies are filled with hydrogen or deuterium. LaAlO3 has a perovskyte structure: when stoichiometric
which is an insulator, when it has vacancies it becomes a high temperature proton conductor.

The calorimeter for the first experiments in Berkeley was very simple and therefore open to criticism. The red
LaAlOs3 single crystal, about 2 cm?, 1.5 mm thick, was squeezed between two tantalum foil electrodes. This ensemble

*E-mail: jpbiberian@yahoo.fr
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was heated using a tungsten wire. Two thermocouples located on the bottom and the top electrodes measured the
temperature of the sample. The system was positioned inside a 35 mm stainless steel chamber with electrical feed
throughs on one side and a glass window on the other side. The chamber was evacuated with a mechanical pump down
to 1072 Torr, and filled with hydrogen or deuterium gas. Figure 1 shows a schematic of the set-up.

When a DC current was passed through the crystal, a deuterium concentration profile took place with more deuterium
on the cathodic side than on the anodic side. The color of the crystal changes with the deuterium concentration. On
the cathodic side it becomes blue, due to the overloading of the lanthanum vacancies with deuterium that generates F
centers. The middle of the crystal becomes white, since all the vacancies are now filled with deuterium, and the anodic
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Figure 2. Sample colors during electrolysis.
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Figure 3. Bottom thermocouple temperature versus total power input.

side remains red, because there is no deuterium diffusing on this side of the crystal. Figure 2 shows the color changes
of the crystal with the corresponding crystal compositions.

Figure 3 shows a typical result where the temperature difference between the bottom thermocouple and room
temperature is plotted against total input power, which includes the heating power and the power delivered directly to
the crystal. The curve without crystal current is plotted in black, and the curve with the added crystal current, in a
deuterium atmosphere, is plotted in red. An additional temperature rise is observed when the crystal current is added,
indicating excess heat. However, the experiments were only preliminary and were not published. In particular, I did not
have a data acquisition system, and the data were recorded manually. Therefore, the measurements lacked precision.

These experiments were duplicated with Georges Lonchampt in Grenoble with a better calorimeter [2]. Figure 4
shows a schematic of the new design. In order to simplify the attachment of the samples, we used two identical crystals
of LaAlO3 with a common central cathode and two external anodes. The samples were placed inside a ceramic tube
heated with a tungsten wire. The electrical power applied to the heater was maintained constant. When current was
passed through the crystals, heat was produced and most of it passed through the ceramic tube. As the electrical power
applied to the tube was constant, the extra heat changed the resistivity of the tungsten wire. By measuring the resistivity
(voltage divided by current) of the tungsten wire, the heat generated by the crystals was calculated.

Figure 5 shows the production of excess heat. We performed experiments in constant current mode, and we observed
“heat after death”, i.e. heat production that continued for almost 2 h after switching off the power supply. Based on
this, we knew that constant input power was not necessary, so we changed to a pulsed mode, which gave excellent
results. Every minute, we applied a 120 mW pulse lasting 1 s; this produced 150 mW of excess heat. The Coefficient
of Performance (COP) was therefore 75!

These results were in agreement with the observations made by Mizuno et al. [3] with a different proton conductor
crystal, but with similar crystallographic structures.



J.-P. Biberian / Journal of Condensed Matter Nuclear Science 13 (2014) 44-55 47

Vacuum
Ar D2 Pump

Electrical feedthrough

Quartz tube
S——
:I Furnace
Power Suppl
,
Thermocouple

Thermocouple

Pt Cathode
(sputtered) Pd ™~ Single Crystal or Ceramic

. —— LaAlO3
! 5
Anode

La AIO3

Figure 4. Schematic of the second chamber.

3. Patterson Type Experiments

Following James Patterson’s work [4,5] showing excess heat and nuclear transmutation, we developed our own system
[6]. The experimental set-up consisted of a cylindrical cell of 30 mm ID, with a nickel mesh cathode located at the
bottom, and a platinum mesh anode at the top. The cathodic part of the cell was filled with 0.6 mm diameter beads; the
anodic part was filled with ion exchange resins. The two compartments being separated by a nylon screen.

Three layers of nickel, palladium and nickel (about 1 xm each) were deposited on polystyrene beads pre-covered
by a thin film of copper. The electrolyte (H,O with Li;SO4) circulated through the cell, and the input and output
temperatures were measured using two thermistors. Figure 6 shows a schematic of the whole system.

A blank experiment without electrolysis showed no excess heat, whereas during electrolysis excess heat was pro-
duced. The excess heat increased with increasing input power. However, the yield was the highest at low power. The
excess heat was close to 100% at low power as shown in Fig. 7.

This experiment confirmed the results obtained by Patterson, but with a lower yield.

4. Pons and Fleischmann Boiling Experiments

In their original work, Fleischman and Pons [7] operated their cells below boiling temperature. Later, they let the cell
go up to boiling, and by measuring the amount of water evaporated and the input electrical energy, they calculated the
amount of excess heat produced [8,9]. In Grenoble we reproduced this type of experiment with success [10]. Figure 8
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Figure 5. Temperature rise versus time. Input power: 2 mW (120 mW 1 s pulse every 60 s). Output power: 150 mW.

shows a schematic of the cell, which is identical to the one used by Fleischmann and Pons.

We measured excess heat up to 29% at boiling temperatures (see Table 1). This is in qualitative agreement with
Fleischmann and Pons. However, the magnitude of the excess heat measured was less important than what they observed.
Their analysis of the boiling off in two periods, assuming that the vast majority of the excess heat was produced at the
end of the experiment, was difficult to evaluate.

As shown in Table 1, the experiments with Li» SOy are surprising since they show that the palladium is more active,
and that even platinum is active.
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Figure 6. Schematic of the operation of the cell.
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In 1989, Fralick et al. [11] showed that when deuterium is pumped out from palladium tubes, a temperature rise is
observed, whereas the same experiment with hydrogen showed no temperature change. It was therefore tempting to
run a similar experiment with a method which allows continuous operation [12].

The experiment was performed in a mass flow calorimeter as shown in figure 9, where the thermal power was

Table 1. Excess heat in boiling cell

Boiling experiments in LiOD
Cell P2 Cell P3
Experiment Cathode XSH (%) Experiment Cathode XSH (%)
88 Pt 0 93 Pt 0
90 Pd 12 96 Pd-Rh 8
91 Pd 20 97 Pd 7
95 Pd-Ce 5 Pd Li»SO4 9
98 Pd 14 99 Pd 14
107 Pd 1 mm 5 106 Pd-Pt—Cu 11
109 Pd 12 108 Pt 0
111 Pt 0 112 Pd 0
115 Pd 15 114 Pd 29

Pd Li;SOy4 13 Pd Li»SO4 0

116 Pd wire 9
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Figure 10. Palladium tube and external part of the calorimeter.
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determined by measuring the temperature difference between output and input temperatures and the water mass flow.
The palladium tube was 10 cm long and 2 mm in diameter closed at one end. See Fig. 10. The deuterium gas was

introduced in the tube and diffused out through the walls of the tube in the vacuum chamber.

Figure 11 shows a 12-day experiment showing that the output power is lower than the input power when no deuterium
is introduced in the tube, whereas the opposite happens when deuterium is introduced and diffuses through the palladium

walls of the tube. An average of 4 W of excess power was measured with input power of 48 W for the tube heater.

6. Mass Flow Electrolysis Experiments

Isoperibolic calorimetry needs calibration; therefore it was tempting to develop a mass flow calorimeter for electrolysis
experiments that measures the thermal power without depending on calibration. This is the reason I developed a mass
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Figure 12. Mass flow calorimeter for electrolysis.

flow calorimeter that can operate up to boiling temperatures.

Figure 12 shows a schematic of the flow calorimeter. The cell is composed of a 50 cm long, 2.5 cm inner diameter
Dewar. The palladium cathode is at the center of the cell, and the platinum anode wrapped around four glass rods. The
water vapor condenses in a glass condenser positioned at the top of the cell. Cooling water from a constant temperature
bath flows through the top portion of the cell at 100 ml/min.

Figure 13 shows a comparison between a set of experiments in light water and heavy water, both with a palladium
cathode 12 mm long and 2 mm in diameter. The difference between the two sets of curves is about 20%, indicating
excess heat of 20%.

7. Cell Explosion

In an attempt to replicate the results obtained with the palladium tube as described in Section 5, the 12 mm cathode
was replaced by a palladium tube 10 cm long, 2 mm diameter, closed at one end [13]. Figure 14 shows the input and
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output power versus time. Up to hour 401 excess heat of a few watts appeared periodically (excess is Pin — Pout). Soon
after hour 701, an explosion occurred.

Figure 15 shows the remains of the bottom of the cell after the explosion. Glass fragments were scattered meters
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Figure 14. Power in and out versus time before the explosion.
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Figure 15. Broken cell after the explosion.

away.

Figure 16 shows both the original Dewar and the broken interior of the cell with the cathode and anode. The cell was
not sealed, so a deuterium-oxygen recombination explosion could not have broken the Dewar. To check this hypothesis,
several explosions were deliberately triggered after adding a stoichiometric mixture of hydrogen and oxygen to a cell.
No damage occurred to the cell as a result of these tests. It is therefore possible that in this case the explosion was of
nuclear origin: some kind of chain reaction.

8. Conclusion

In this paper, I have reported several experiments that produced excess heat using various techniques. Some, such as the
solid-state electrolyte experiments, had large COP, but low heat. On the other hand, deuterium diffusion experiments

Figure 16. Interior of the cell after the explosion.
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showed larger excess heat, but a lower COP.

In this paper, I did not mention the collaboration with Roger Stringham and Russ George in sonofusion experiments.
The results were very positive and interesting.

In addition to the positive work, I have performed many experiments which were negative with no excess heat.
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Abstract

Starting in February 2011, we studied the feasibility of new nickel-based alloys that are able to absorb significant amounts of
hydrogen (Hy) and/or deuterium (D5 ) and might, in principle, possibly generate anomalous thermal effects at temperatures >100°C.
The interest in Ni alloys comes in part because there is the possibility to use Hy instead of expensive D;. Moreover, a cross-
comparison of results using Hy instead of D, can be made and could help the understanding of the phenomena involved (and the
possible nuclear origin).

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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1. An Old Alloy Used For New Purposes

Based on some theoretical considerations, and thanks also to some sentences in a paper on catalysis not related to LENR
studies [1], we decided to explore the possibility of using Ni—Cu alloys (including Constantan) as starting material that
could fit our purposes.
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One of the merits was, according to us, the ability to dissociate H>. One of the Ni—Cu alloys (Ni37Cug3), among the
materials studied in [1], has the highest disassociation value (3.2 eV; in comparison, pure Ni and Pd have values of 1.74
and 0.42 eV, respectively). Moreover, even with large changes (a factor of about 2) in the relative atomic amounts of
Ni with respect to Cu (i.e. from 0.37 to 0.62), the dissociation values remain at quite high levels (from 3.16 decreasing
to 2.86 eV).

We focused on a commercial low-cost material, brand name ISOTAN®, CuNi44. The mass components in percent
are Cus5NiggMn;. This material was developed several years ago by Isabellenhutte Heusler, GmbH, KG-Germany.
ISOTAN® was selected based on the following considerations, as we pointed out in April 2012, Ref. [2].

A. A measurable diffusion coefficient of hydrogen, even in the pure (not alloyed) elements, i.e. copper and nickel,
at high temperatures: Cu = 10~%cm?/s at 200°C, 10~*cm?/s at 700°C; Ni = 10~7cm?/s at 200°C, 10~%cm?/s at 350°C.
In comparison, good values for Pd are: 10> cm?/s at 200°C, 10~*cm?/s at 420°C; at 600°C reported values are as large
as 8 x 10~3cm?/s, but are not reproducible. We suppose that the “flux” of H, or D5 inside the lattice and/or near surface
(either longitudinal or transversal) is one of the key factors needed to generate anomalous effects. Our opinion is based
on the experimental observation that the anomalous effects increase with the increasing of R/ R value oscillations, i.e.
loading and de-loading of hydrogen or deuterium.

B. Lower cost, overall, even considering the procedure to “build” nano-structured at the surface, compared to
palladium, which is a very expensive precious metal.

C. This material has good mechanical properties and resistance to aging effects caused by cycles of both
low—high—low temperatures, and cycles of Hy absorption—desorption. Our first sample, (“generation one”) was
used in a long duration experiment lasting for over 7 months; only after such a long time did we observe the beginnings
of serious damage. Our results are, in that respect, different from those obtained by Szafranski [3]. He observed
extreme brittleness in as-received Cu—Ni alloy that was only cold rolled from 200 to 20 um. (Note that the penetration
depth of H into Ni is about 30 um.) His material was then cycled between 77 and 300 K under 1 GPa pressure of H».
We can only suppose that that high temperatures and/or adding manganese at 1% has the beneficial effect of reducing
brittleness. We have never done experiments at 77 K, so it is difficult for us to judge.

D. Extremely large values of (computed) catalytic power (AE) in respect to the dissociation of H, [1], as shown
in Table 1.

E. The possibility, at least in principle, of producing nano-micro structures (and voids) both at the surface and
deeper into the bulk, with selective oxidation of Cu in such alloys at high temperatures (650—1050°C). Both segregation
of pure Ni among to CuOx and the cooling rate are key aspects of the preparation need to be studied in deeper detail,
even though we spent a lot of time and money investigating them.

Our exploratory studies were devoted to finding simple and reliable/reproducible procedures to get these kinds of
structures. Experiments with the selected material were operated to last as long as possible: including “strength” and
aging tests.

2. Sample Preparation (Procedures Used for the Experiment up to May 2012, “Generation One”).
Similar Composition Materials, All Nanometric, Developed Independently in Japan

In our exploratory preparations and tests, we used standardized wires: ® = 200 um, / = 105 cm. Weight (307.4 mg
enameled), @ and resistance (17.16 2) were carefully measured. The resistance measured in this batch was 5% higher
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Table 1.
Alloy materials Dissociation value (eV)
Ni0.3750-Cu0.6250 +3.16
Ni0.6250-Cu0.3750 +2.86
Ni0.8125-Cu0.1875 +2.10
Ni +1.74
Ni0.1825-Cu0.8175 +1.57
Ag0.8125-Pd0.1875 +0.57
Ag0.625-Pd0.375 +0.51
Ag0.1875-Pd0.8125 +0.51
Pd +0.42
Cu —-1.11
Ag —1.42

than the nominal values reported by the manufacturer. We suppose the difference is related to iron impurities, which
we detected by SEM-EDX analysis.

We point out that, although very promising results were obtained with pure Constantan, in our explorative test under
H; gas (2-3 days of operations each, from February to June 2011), we never observed any type of anomaly, such as
changing resistance, on wires with Joule heating up to 900°C under the following experimental conditions:

(1) Asreceived from the company (which we designate ultra-virgin); maximum temperature about 150°C.
(2) With the enamel protection on the surface completely removed by burning up to 600°C in air, and stress released.
(3) Acid etching of wire after treatment 2.

The wires in condition 2 at first were just “cleaned-up” with the original enamel insulating layer removed. This was
done with Joule heating in air current up to 2000 mA, time 5 min.

SEM Y 3000 waime Lol ol WECAL TESCAR
SEMMAO 113d e Dhat 25 & pm H
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SEM. Wire's surface after heat treatments at [=25300mA, Sm.

Figure 1. Wire surface after enhanced heat treatment, generation one experiments.
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In these conditions, the power dissipated was about 70 W and the resistance ratio, with respect to the reference
value at 100 mA of current, increased only 1%. This is expected for this type of material (which has the commercial
name Constantan, i.e. constant resistance). After the first thermal treatment, the weight decreased by about 13 mg, the
resistance decreased from 17.16 to 17.02 €.

We found that increasing both the current (up to 2500-3000 mA) and the duration at high power (5—1000 s),
decreasing the cooling speed (from 100 s down to <1 s) had dramatic effects on the growing of nano-microstructures
and their dimensions (see e.g. Fig. 1). The role of Oy and H,O, because of open air treatments, is important. The wire
temperature, in some tests, was even larger than 1000°C (rough evaluation by color temperature; the melting point of
pure copper in inert gas is 1083°C, and the melting point of ISOTAN® is 1280°C).

The quality of the wire produced by this method was evaluated by SEM observations. We determined that the better
methods of preparation resulted in smaller particles at the surface, and a larger mass of particles compared to the mass
the whole wire (i.e. the core).

The best material, we were able to produce at the end of July 2011 using DC thermal treatments, was put in our
flow calorimeter (which has uncertainty of only 2%).

As previously noted, this material was extensively studied both in H, and D, gas as well as in calibrations and tests
in helium, argon, air and in vacuum. The total time of experiments was quite long (about 10 months) and only toward
the end of the tests, after 7 months, the damage to the wire increased to such an un-controlled level that it prevented
reliable interpretation of the experimental results. These results were discussed in detail during the “X International
Workshop...”, April 2012 [2].

Key information: we were happy to learn that Akito Takahashi (Osaka University) and Akira Kitamura et al. (Kobe
University) studied in secret (as we did) an alloy of Ni—Cu. In their case, most of the materials were at nanometric size,
i.e. 5-20 nm dispersed in an inert matrix of ZrO,. This work was performed in collaboration with Technova, a Toyota
research group. We received brief information by them at the end of December 2011 about promising results from a
specific alloy (Nigs—Cu15)359%—(ZrO3)e59 (for details see Ref. [4]).

We note that such material is a further development of the nanomaterial Pd35%—Zr0,65% made by Yoshiaki Arata at
Osaka University since 2005. This material is made with complex melt spinning and quenching (cooling rate >10°°C/s)
process.

Brief information about Ni-Cu—ZrO; came to my (FC) attention, for the first time, at the end of December 2011.
I was invited to give a review talk on Anomalous Effects in LENR Studies, at the WSEC 2012 conference (January
10-12, 2012; Geneva) organized by the ISEO (Non-Governmental Organization cross-related to UN). I requested that
everybody involved in LENR studies, worldwide, communicate the most recent and interesting results to include in the
Review. Only Takahashi and Kitamura had performed experiments with Ni—Cu alloys and give permission to share their
results, even though these results were qualitative and preliminary. A similar talk, with more technical and scientific
details, was given at CERN (Geneva) on March 22, 2012 in the framework of the prestigious CERN Colloquium [5].
The overall behavior of Ni—Cu alloys, although at different ratios of the two main elements in response to Hy and D,
absorption, even with different geometrical shapes (powders used by the Japanese groups, wires from us) and amount
of anomalous heat detected, were qualitatively similar.

Such evidence reinforced our intention to develop a better material from the point of view of nano-dimensionality,
keeping the starting Ni-Cu composition “fixed”. Our efforts were devoted to increase the amount of active material at
low dimensions (<100 nm) and, at the same time, reduce the adverse effect of “leakage” of the smallest particle from
the surface due to: vacuum conditions, temperature cycling, loading, de-loading, etc.
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3. New Transparent, Dissipation-Type Calorimeter

From the end of May 2012, we were able to produce sub-micrometric materials. Based on SEM observations, we
expected performance several times better than the best material produced at the end of July 2011, with enough good
reproducibility in the preparation procedures.

The new method, although similar to the old one in some key aspects, was really revolutionary in the practical
parameters of mechanical stability (reduced leakage of the “good” material from the surface); and in the fraction of
material at low dimensionality. The latter increased from 1 to 2% (generation one) up to about 30% of the whole
material (generation two).

Such big improvements were obtained thanks to large financial help and man-power of an Italian company that
“believed” in our previous results. We were able to design and build specific electronics and a mechanical set-up to
produce sub-micrometric wires. Systematic, albeit very tedious and expensive experimental work was the key factor
for success.

One of our goals was to see with the naked eye whether the wire was really stable in the rate of leakage of “good”
materials even after several cycles of low— high— low temperatures and H» loading and de-loading. To this end,
we build a new transparent reactor with borosilicate glass (Schott DURAN) of large (3 mm) wall thickness enough to
withstand large pressure drops (up to 8 bar), at internal wall temperatures up to 280°C.

For the calorimetric measurements, we adopted the simplified approach of measuring the temperature on the outside
of the glass wall. Taking into consideration the temperature of interest, i.e. Tway > 140°C, one of the main channels
of heat exchange to the environment is heat radiation. In other words, we can use the Stefan—Boltzmann law:

w
Pow=¢ x 567 x 1078 (T\ﬁa]l - Trﬁom) [W} : M

In this formula the temperatures Tare in K and ¢ (the emissivity) is about 0.9. Calibrations were made using our
usual procedure to add an “inert” wire, very close to the “active” one, and to make several measurements with inert
gases. In the specific new set-up, the wires were parallel, alternatively and helicoidally shaped, with 22 turns. They
were stepped through a range of input power levels in different gases (helium, argon and in a vacuum). Electric power
was applied alternatively to the inert Ni—Cr wire and then to the active Constantan wire.

Because in our experimental set-up the geometrical dimension of the cell is constant (glass tube, external diameter
40 mm, internal diameter 34 mm, overall length of 280 mm and central active length of 100 mm), we can make a sort
of simplified calibration curve just dividing formula (1) by the input power. Obviously, we neglected the contribution
to heat dissipation by free air convection (which is 5-35W m? K, in usual environments, at 12—15 W). We note that in
the temperature range of our interest (internal cell 250-350°C), the thick borosilicate glass behaves like a black-body
for the wavelengths of interest (>2.5 um). Moreover, the effects of pressure variations inside the reactor chamber, with
related temperature variation due to different convection values (i.e. the internal temperature increases versus pressure
decreasing), can be neglected at the external wall. Tests were performed in helium by varying the pressure between 6.5
and 2.5 bar. These tests were made at the beginning of the experiment, when the wire was new and the reactor glass
wall “clean,” and again after a few months, when the wire was used and the glass wall lightly “dirty.”

4. Results with the New Wires (generation 2)

At the end of May 2012 two wires were produced: an old batch (with iron) with new procedures (generation two).
The first one was used a few days later to the experiment, the second one was just put inside a HDPE envelop and
kept closed at Room Temperature (RT). We designated the experiments:
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[a] wire#l1 (started in 06 June 2012);
[b] wire#2 (started in 10 July 2012).
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Details of first loading by Hy—Ar mixture.

The main improvements with respect to the previous procedure of fabrication, according to SEM observations,
were multilayered structures, and total number of such layers, “which was extremely” large: “on” the order of 700.
The thicknesses, of each multi-layers, were in the range of 20-100nm. The mechanical stability, against leakage of

sub-micrometric materials, was improved.

The primary experimental procedures and results are as follows:
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Figure 3. Behavior of anomalous power generation, using indirect heating, i.e. power (48 W) applied to Monitor wire.
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Figure 4. Experiment with 48 W applied to the active wire. Up to time 518 ks the gas mixture was Hp/Ar at a 75/25 ratio. Later, the power was
reduced to zero and the cell was evacuated. The R/ R ratio was as low as 0.71. At time 522 ks pure Hy was added: the excess power resumed, at
the same level it was before the cell was evacuated. After a controlled reduction of pressure, excess power increased up to 16 W.

(1) In order to use simple parameters easy to be managed by calculations, we adopted the usual term of R/Ro. Ro
is the initial value of resistance at room temperature, i.e. at 23.5°C (in that calibration), in a free air atmosphere,
inside the reactor. With our wires (I = 100 cm) we measured, in situ (/-V methods), a value of resistance
of 16.9684 and 57.4394 Q, respectively, for sub-micro_Costantan and Ni—Cr (presumably inert) wires. The
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Figure 5. Experiments under D, gas. From the beginning, continuing for about a day, the reaction was endothermic; it later crossed the zero line
and began to be exothermic, as it usually is with Hp.
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measuring currents were just 4 mA, to avoid self-heating of the wires.

(2) We began the tests by calibrating with inert gases at the power levels of 5, 15, 30 and 48 W applied to the inert
wire. The maximum internal temperature of the chamber was of the order of 180-250°C, depending on the gas
composition and its pressure. Some tests, as cross references, were made with the active wire. Using the values
of temperatures measured outside the glass cell and ambient it was possible to evaluate the “power exchange
constant” (°C/W) of the small reactor by (1).

(3) After adding a Hp/Ar mixture (75/25 ratio) at 7 bar of total pressure, while monitoring with the resistance ratio
R/Ry of both the active and inert wires, 48 W of power was applied to the inert wire. It was found (Fig. 2)
that when the temperature inside the reactor was larger than 125°C, the resistance ratio of the active wire, after
a very limited increase to 1.02, dropped to 0.92 at 2500 s. Later on, at about 100,000 s, the R/R( decreased
to 0.88. We observed a correlated increase of anomalous excess heat, which was quite unstable with the R/Ro
decreasing. The temperature inside the cell was about 180°C.
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Figure 7. An example of anomalous heat from wire #2.
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Figure 8. Behaviour of first re-loading of wire #2.

(4) After 103,000 s (29 h) from the beginning (Fig. 3), we stopped the power to the inert wire and allowed the
reactor and the wires to cool to room temperature. The R/Rg value of the active wire decreased to 0.80.

(5) Just after that, we powered the inert wire at the same power level and another 150,000 s (42 h) after the
interruption we measured an R/R( value of 0.867. The anomalous excess power increased further (Fig. 3), in
a way that, at a first observation, depends mainly on the time lasted and not to the R/R value (low decrease).
The instability of excess power, assuming there were no other uncontrolled parameters distorting it, had values
quite large and was correlated to the small oscillations (<1%) of R/Rq values.

(6) We observed that even the instabilities of room temperature (usually 23—-27°C) helped anomalous heat production
in some ways. We speculate this was because these instabilities introduced non-equilibrium conditions. To
avoid errors in the interpretation of results, after a sufficiently long time, we note that the values of room
temperature were the same as at the start of the experiment, while the anomalous heat increased over time.

(7) The long-lasting positive effect with Hy gas was also observed by the Takahashi and Kitamura groups (reports
at X Pontignano Workshop and [4]). Depending on their conditions, constraints and materials, during 2-week
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Figure 9. Schematic of the cell assembly.
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long experiments, the anomalous excess power slowly increased from O up to 3 W.

(8) We observed that the minimum cell temperature at which anomalous heat is observed is around 120°C, i.e.
close to the first “loading” temperature of 125°C.

(9) Around 330,000 s (4 days) after the first Hy/Ar intake, the active wire was powered (Fig. 4).

(10) We observed a further increase of anomalous power that, assuming no errors were made, was about twice that
detected when the power was applied to inert wire; that is, of more than 10 W. The R/Ry value, after initially
increasing, stabilized at 0.808.

(11) A possible explanation was that the active wire’s temperature with Joule heating was larger than that when the
power was indirect. The active wire temperature was 350—400°C, 200°C with indirect heating.

(12) If the explanation in 11 is correct, we see that the reaction, above from some temperature threshold, has a
positive feedback with increasing temperature. Similar effects were found by our group with first generation
wire/experiment, up to May 2012; and by the Takahashi and Kitamura group with Ni-Cu—ZrO, powders.

(13) After 360,000 s (4 days) from the Ho/Ar gas intake (Fig. 4), i.e. at time 515 ks, the power was switched off: the
R/Ry, at room temperature, dropped to 0.71. In other words, the direct heating (electro migration phenomena
and/or larger temperatures) improved the loading, and then improved the anomalous power.

(14) After 410,000 s (5 days) from the first Hy/Ar intake, we evacuated the cell and then added H, at 100%
concentration.

(15) The results were similar to Hy/Ar gas. The cell produced even more anomalous heat.

(16) We cannot discriminate whether the improvements in performance were due to effects of pure H», or due to
more time under active gas, leading to increased embrittlement.

(17) After another week of miscellaneous tests, we decided to de-load the H, absorbed by the wire, to be sure that
the resistance reduction observed was due to real absorption and not to a variation of resistance caused by the
reduction of oxides (by H») at the nano-particles surfaces.

(18) To de-load we put the cell under a dynamic vacuum and increased the temperature.

(19) After several hours, we returned to the original starting value of R/ Ry at 1; the test was fully successful.

(20) We reloaded the wire again and observed the R/R( decrease and anomalous heat, similar to what we saw in the
first cycle.

(21) Again we de-loaded H, from the wire, to do experiments with D, gas (Fig. 5). This time the final value of
R/Ry was 0.93, not 1.0 as expected. We suppose that some H, was stored somewhere in the lattice.

(22) After deloading the wire, we increased the temperature by powering the inert wire, as we usually do. Only a
small amount of deuterium was absorbed.

(23) We observed, for the first time since 2011, some X and/or gamma ray emissions, coming from the reactor while
the temperature increased from about 100°C to 160°C. We used an Nal(T1) survey meter with an energy range
25-2000 keV, which was operated for safety purposes, not as a spectrometer. The total duration of this emission
was about 600 s. The emission was burst-like and clearly detectable.

(24) We observed a very surprising thermal anomaly: the reaction was endothermic at first, not exothermic. On
the second day the system crossed the zero line and later on become clearly exothermic. Similar effects were
reported also by Takahashi and Kitamura.

(25) After about 350,000 s (4 days) from the beginning of D, intake the temperature abruptly increased and the wire
broke. We noted that the pressure decreased, because there were problems with the seal, and the reactor was
not perfectly gas tight, but this occurred at 80,000 s, before the wire broke. SEM observations showed fusion of
a large piece of wire: ball shape. An SEM analysis after Hy and/or D, interaction shows reduced size (Fig. 6).

(26) Starting on July 10, 2012, we used the second wire (#2) that had been stored in a plastic bag.

(27) In the meanwhile, we improved the overall detection of external temperatures by adding 3 more thermometers.
The main thermometer was moved from the original position, which was not central over the wire length, to



66 F. Celani et al. / Journal of Condensed Matter Nuclear Science 13 (2014) 5667

exactly at the center of the area of the glass tube.

(28) The results were qualitatively similar to the first wire, although at lower intensity (Fig. 7). The starting
temperature of loading increased from the value of 125°C of the wire #1, increased to about 160°C. In particular,
the wire was not able to withstand direct heating conditions. We think that the surface was partially obstructed
by something (perhaps HDPE plastic).

(29) On July 23 we de-loaded the wire, and on July 24 we loaded it again. The sequences were: (a) dynamic vacuum
conditions, 220°C internal reactor temperature, power at Ni—Cr, 50,000 s duration; (b) H; filling.

(30) The results in Fig. 8 showed improvements in the speed of loading. It took only 2000 s for the R/Ry ratio to
fall from 1 to 0.85. The time necessary to get measurable anomalous heat was also reduced to less than 6 hours.

(31) The experiment with the cell shown in Fig. 9 was stopped on July 28, in order to package and ship the reactor
to the National Instruments NI Week meeting at Austin, Texas in the US and later to the ICCF17 conference at
Daejeon, South Korea.

(32) The wire #2 “overcame” the severe effects of shipping, especially the long time (8 days) without Hp, when it was
exposed to free air. When we reconnected all the electrical connections at the NI Week conference, we realized
that the R/Rq value of the active wire remained almost unchanged (about 0.81). At the NI Week conference,
all of the control and measurement electronics and software were provided by NI. In the previous experiments
in Italy we used DAQ (6.5 digit) and MUX by Agilent; specific hardware and software were homemade.

(33) The maximum excess power reached after 3 days of operation in public at NI Week 2012 (Fig. 8) was about
21 W with indirect heating and about 25 W with direct heating of the sub-micrometric Constantan wire. The
input power, as usual, was 48 W. These are the best values that we have observed up to now. We note that
because we used the “old” value of calibration obtained in Italy, but a different experimental geometric set-up
and instrumentation, the absolute value of excess power has to be scrutinized. In any case, the trend of increasing
excess power versus elapsed time was reconfirmed.

5. Conclusions

It appears that the commercial Constantan alloy, with the surface geometry deeply modified (i.e. skeletonized) and size
reduced to <100 nm, with multiple layers, is a good candidate for anomalous heat production due to:

(1) Intrinsic low cost of raw materials;

(2) Simple, low-cost procedures for growing nano-structures, as recently developed by our group at INFN-LNF,
Italy;

(3) Use of Hydrogen.

We observed that such materials exhibit “positive feedback” of anomalous power with increasing temperature.

The experiment has been shown to be reproducible as experienced both during the NI Week and the ICCF17
conferences. Several of the results we obtained were similar to those obtained using Ni—Cu alloy dispersed in a zirconia
matrix by the Takahashi and A. Kitamura groups. (Both of these groups are in a collaboration with Technova, a research
organization of the Toyota Company.) More systematic work is necessary to elucidate several open questions, first of
all, the stability over time of the anomalous heat generation, safety and overall, third party independent confirmation
about reproducibility, not to mention the “strange” endothermic behavior using deuterium gas.

Collaboration with the community involved in LENR studies is welcomed. A series of attempts to replicate the
experiment is currently being performed by different organizations and laboratories worldwide.

The next step will be to use a quartz tube instead of the borosilicate now in use. Quartz will allow studies of
temperatures over 300°C. Borosilicate glass begins to soften at around 280°C.
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If positive results are reconfirmed with the wires made with the new procedures (i.e. “second generation” wires),
it may be possible to reach regions of operation where even self-sustaining operation occurs, using larger amounts of
materials.

Acknowledgments
This work was done in collaboration with, and partly supported by:

Metallurgical Company of NE, Italy.

Kresenn Ltd., 5a Frascati Way, SL6 4UY Maidenhead (Berkshire), UK.

Dennis Letts Laboratory, 12015 Ladrido Ln, Austin, TX 78727, USA.

National Instruments, 11500 North Mopac Expressway, Austin, TX 78759, USA.

Francesco Santandrea, ISCMNS, Latium1 Group, Via Cavour 26, 03013 Ferentino (Fr), Italy.

We are indebted with Dr. James J. Truchard (CEO and President of National Instruments) and Dr. Stefano
Concezzi (Director of Big Physics department): they convinced us to make a public demo both in USA and
South Korea. The invaluable work of Brian Glass and his colleagues, among others, in making completely
new software in a few days is deeply appreciated.

References

[1] S. Romanowski et al., Density functional calculations of the hydrogen adsorption on transition metals..., Langmuir 15(18)
(1999) 5773-5780.

[2] F. Celani et al., Experimental results on sub-micro structured Cu—Ni alloys under high temperatures hydrogen/deuterium
interactions, at X International Workshop on Anomalies in Hydrogen-Metal Systems, Pontignano - Italy, April 10-14, 2012.
http://www.22passi.it/downloads/X-WorksISCMNS_2012H4Pres.pdf

[31 A.W. Szafranski et al., J. Alloys Compounds 404—406 (2005) 195-199.

[4] A.Kitamura, A. Takahashi et al., Recent progress in gas phase hydrogen isotope absorption/adsorption experiments ICCF17,
Daejeon, 10-17 August 2012, TUA2-1, in press.

[5] F. Celani and Y. Srivastava, Overview of theoretical and experimental progress in low energy nuclear reactions (LENR), 22
March 2012; indico.cern.ch/conferenceDisplay.py?confld=177379



J. Condensed Matter Nucl. Sci. 13 (2014) 68-79

Research Article

LENR and Nuclear Structure Theory

Norman D. Cook*

Kansai University, 3-3-,R, T Yamatecho, Suita, Osaka, Prefecture 564-8680, Japan

Valerio Dallacasa

Verona University, Verona, Italy

Abstract

The significance of LENR research for understanding nuclear structure is discussed. In stark contrast to atomic-level Quantum
Electrodynamics (QED), nuclear theory has remained a collection of mutually exclusive “models” lacking a rigorous foundation.
We argue that LENR indicates the way forward to a quantitative theory of nuclear structure, Quantum Nucleodynamics (QND).
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1. Introduction

The technological potential of LENR remains strong and progress in achieving experimentally stable LENR environ-
ments has recently been reported. Those developments are to be welcomed and should eventually lead to the long-awaited
funding required for both basic and applied research. But, in light of experimental progress, the theoretical implications
of LENR research for nuclear physics, in general, also deserve some attention.

LENR theorists have devoted most of their efforts to the explanation of mechanisms that would allow for the
phenomena of “cold fusion.” What has not yet been studied is the significance of LENR for conventional nuclear
physics. Here, we argue that LENR already indicates the direction in which progress in nuclear structure theory can be
anticipated.

Three distinct aspects of nuclear theory are examined: (1) unanswered questions in conventional nuclear theory
related to the nuclear force, (2) certain experimental findings in LENR research, and (3) the integration of LENR
findings into conventional nuclear structure theory in the form of Quantum Nucleodynamics (QND).
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© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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Figure 1. The central dogma of atomic physics (ca. 1932), where proton-electron attraction could be explained in terms of classical electrostatic
theory, while the strong force effects were essentially new and inexplicable.

2. The Nuclear Force

No topic in nuclear physics is as important as that of the nuclear force. Already by the early 1930s, it was apparent that
an extremely strong binding force allows for the stability of nuclei containing numerous positively charged protons.
In contrast, the peripheral electrons were found to interact predominantly with the nuclear protons through the much
weaker electrostatic force. These indubitable facts led to the so-called “central dogma” of atomic physics (Fig. 1).

Starting in the 1950s with the growing availability of particle accelerators capable of focusing beams of particles
on nuclei at high energies, it became possible to characterize the nuclear force with great precision.

Theoretical reconstruction of the nuclear potential measured in nucleon-nucleon scattering experiments has

typically resulted in Lennard—Jones type potentials (Fig. 2), where there is a strongly repulsive force (at

least several hundred MeV) at short distances (<1 fm), a weaker attractive force (50-100 MeV) at 1-2 fm, and
only weak effects beyond 3 fm. These characteristics have been formalized in the so-called Argonne, Paris and Bonn
potentials. As of today, their approximate validity (and their spin-, isospin- and distance-dependence) is well-established.

It is relevant to note, however, that the powerful nuclear potential contrasts markedly with what is known from
relatively low-energy experiments on the structure of stable nuclei. Specifically, the total binding energies of the 800+
stable isotopes indicate an average binding energy of less than 8 MeV per nucleon. Moreover, the average energy per
nucleon implies a nearest-neighbor nucleon—nucleon interaction of less than 3 MeV in the high-density nuclear core
(the region inside the arrow in Fig. 2). In other words, MeV-range nucleon interactions in stable nuclei are many orders
of magnitude weaker than the effects measured in high-energy scattering experiments and many orders of magnitude
stronger than the average eV interactions of electrons with their nuclei.

While there is still no consensus concerning the theory of the nuclear force, the essence of the “central dogma” of
atomic physics throughout the 20th century was two-fold: (1) protons have strong effects on the peripheral electrons (but
not vice versa), and (2) neutrons have little direct contact with the extra-nuclear world (Fig. 1). In fact, a weak chemical
influence on nuclear decay rates had also become known by the early 1960s [2—-5], but generally the nuclear realm and
the atomic (electron) realm are still thought to be energetically distinct. That dogma is directly challenged by LENR
findings and, today, the primary obstacle to the acknowledgement of the experimental evidence for induction of nuclear
reactions at low energies is the dogmatic assertion that extra-nuclear effects on nuclear dynamics are theoretically
impossible.

Unrelated to the issues of LENR, we have developed a lattice model of nuclear structure that was initially an attempt
to integrate the diverse threads of modern nuclear structure theory [1, 6-8]. The implications of the lattice model
for nuclear structure theory per se have been published many times, and are briefly summarized in the Appendix. Of
direct relevance to LENR are the dimensions of the lattice and its implications regarding the nuclear force. That is,
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Figure 2. A realistic Lennard—Jones type nuclear potential deduced from nuclear scattering experiments. Small differences in the height, depth and
distance of the potentials due to spin and isospin are known, but all such potentials have no effects beyond 3 fm. There is no doubt that the nuclear

force is “short-range.”

in a lattice of nucleons, nucleon interactions are fixed within a narrow range of 1.0-3.0 fm. At that range, we have
found a significant magnetic effect that is a microscopic (femtometer-scale) version of the Biot—Savart law of magnetic
attraction between parallel currents (Fig. 3).

Under the assumption that the magnetic moments of the proton and neutron are consequences of the rotation of a
single positive or negative valence charge, respectively, a significant magnetic contribution to nuclear binding energies
is found. The main difference from the Biot—Savart law of classical electromagnetic theory is that, in copper wire coils
containing continuous streams of electron charges, phase effects of the movement of individual charges need not be
considered. With only one charge in each nucleonic “coil,” however, the magnetic interaction will necessarily depend
strongly on the positions (phase relationship) of the two revolving charges — as they travel parallel or antiparallel relative
to one another in their intra-nucleonic orbits. In effect, not only the distance and relative orientations of the magnetic
poles, but also the phase relationship of the charge flow, determine the strength of the femto-scale magnetic interaction

[9].

dl 12

Figure 3. The magnetic force acting between two revolving charges depends not only on the distance and orientation of the electric currents, but

also on their relative phases, ¢ [9].
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The magnetic effects are attractive and repulsive for first and second neighbors in the lattice, respectively. That
finding is consistent with the fact that the lattice model requires an antiferromagnetic ordering of nucleons in each
isospin layer. Between layers of different isospin, there are necessarily both parallel and antiparallel nucleon pairs
and differences in orientation of the magnetic dipole result in magnetic effects of varying magnitude. In this view,
the magnetic force between nucleons is fundamentally short-range, because the dephasing of the charge “coils” with
distance reduces the magnetic effects among distant neighbors. In effect the attractive magnetic force acts as a form of
“strong screening” between like charges. These properties can be expressed by the force between two coils as, where
r12 designates the center-to-center distance between the coils and R is the coil radius.
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As summarized in Fig. 4, consideration of phase produces a strong increase well above the classical, Biot—Savart
magnetic interaction between two circulating charges — leading to net attraction (repulsion) on the order of a few MeV
at realistic internucleon distances of 1-3 fm. As we have previously reported [1], the mean nuclear binding force of
nearest neighbor nucleons in the lattice is only 2.75-2.79 for nuclei as different as calcium, palladium and uranium.
We therefore conclude that, regardless of the reality of pion-exchange binding effects and/or quark contributions, the
magnetic effect alone is of sufficient strength to account for nuclear binding energies.

By definition, the clockwise rotation of negative charge gives an upward north pole, whereas similar rotation of a
positive charge gives an upward south pole. The permutations of spin (up and down) and isospin (proton and neutron)
result in the six fermi-level magnetic interactions shown in Fig. 5.

3. LENR
3.1. Magnetic effects

Some of the most interesting — and yet unexplained — findings in LENR research are indications that external magnetic
fields can have a strong influence on heat generation. Letts and colleagues have reported [10] the ability to turn LENR
excess heat-generation on-and-off simply by 90° rotation of the cathode (not anode) with respect to an external magnetic
field of 500 Gauss. The significance of that effect lies in the fact that, in terms of conventional physics, a magnetic field
of that strength should have little influence on intranuclear dynamics, being orders of magnitude weaker than nuclear
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Figure 4. Summary of the strength of the magnetic attraction between nucleon pairs separated by 2.0 fm and lying in the same plane (as in Fig.
3). The classical Biot-Savart effect is weak, but, when phase is considered, there is an increase of three orders of magnitude in the strength of the
magnetic interaction.

force effects. To the contrary, however, relatively low-energy changes in the magnetic environment have been shown
to influence heat generation in LENR.

Questions remain unanswered concerning the location of the LENR effects that produce excess heat (the nuclear
active environment, NAE, proposed by Storms [11]) and the mechanism of their susceptibility to magnetic fields, but
manipulations of magnetic fields are clearly a promising direction for future LENR research.
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Figure 5. The six permutations of spin and isospin. The upper and lower rows show the attractive and repulsive magnetic interactions, respectively,
at a center-to-center internucleon distance of 2.0 fm.
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Figure 6. Results of the lattice simulation of thermal fission of 235(. Lattice coordinates for nucleons in the nuclear core were fixed, while surface
positions were occupied at random. The fission process was undertaken for each configuration along all available lattice planes and repeated for
statistical study. The red lines are the experimental data, the dotted lines are the results of lattice simulations [1,19].

3.2. Transmutations

The most unambiguous indications of specifically nuclear involvement in “cold fusion” experiments are findings of
nuclear transmutations. The appearance of elements in a reaction system where they are originally absent and/or
measurement of abnormal isotopic ratios are decisive indications of nuclear effects [12,13]. As was true of early
experiments on the fission of uranium in the 1930s, the possibility of contaminants must first be excluded, but the
presence of unnatural isotopic ratios is alone indication of nuclear reactions. Both unnatural isotopic ratios and the
presence of unanticipated elements in uncontaminated LENR experiments have been reported in several dozen LENR
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Figure 7. A comparison between the experimental findings on the low-energy fission of palladium and several theoretical models [1]. The liquid-
drop model (LDM, grey lines) fails to account for the dominance of fragments at Z = 22 to 25. Qualitatively better results are obtained in lattice
simulations where the deuterium triggers the fission but does not bind to either fragment (fccl, red lines) and where the deuterium triggers the fission
and binds to fragments (fcc2, green lines). Experimental data (black lines) from Mizuno [12].
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Figure 8. The lowest-energy lattice structure of 56Fe that is consistent with the known IPM structure of this isotope. On the left is shown the
color-coded S°Fe nucleus (16 green nucleons on the surface of the doubly-magic 40Ca nucleus). On the right is shown the lattice simulation of a
low-energy fission plane, leading to stable daughter isotopes (%Al and 2°Si). (The NVS software is available at [27].)

studies [11]. Unfortunately, the physical mechanisms underlying nuclear transmutations in LENR remain obscure and,
primarily because of political, rather than experimental difficulties, their implications for nuclear structure theory have
not been thoroughly explored. But the obvious needs to be stated: if nuclear transmutations can be elicited in the
experimental conditions of LENR research, much of modern nuclear structure theory will need to be rewritten.

3.3. Piezonuclear fission

Over the past four years, Carpinteri and colleagues have reported on a new form of LENR. On the basis of geological
findings and laboratory experimental studies, they have argued that a previously unknown type of solid-state nuclear
fission has occurred in iron-containing rocks over geological time, and can be induced in high-impact compression
experiments [14—18]. They report that a 2—4-fold increase in neutron emission over normal background levels has been
consistently found in otherwise-conventional experiments on the tolerance of granite and other familiar rocks subjected
to high pressure impact. Insofar as background neutron radiation is normally produced by the spontaneous fission of
small amounts of radioactive elements, Carpinteri surmised that the non-radioactive elements in their samples were
undergoing fission due to compression.

That hypothesis was confirmed in subsequent laboratory tests in which both neutron emission and nuclear “ash”
suggestive of the fission of iron were found. Carpinteri has emphasized the geological significance of their findings and,
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Figure 9. The modern “central dogma” of atomic physics implied by lattice calculations of magnetic effects [9] and magnetic field manipulations
in LENR experiments [10].
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like most LENR researchers, he has not speculated on the underlying nuclear mechanisms, but again the implication is
that nuclear reactions can be induced at relatively low energies. Clearly, if low-level fission of the elements in the Earth’s
crust has occurred over geological time, there should be indication of elemental and isotopic changes. That is indeed
the case in well-established geological findings on the distribution of elements on the Earth’s surface. Specifically, a
depletion of iron isotopes, together with an excess of magnesium, aluminum and silicon isotopes, in certain geological
locations is circumstantial evidence of low-energy fission of iron nuclei, with the accumulation of nuclear “ash”
corresponding to the binary fission of iron. Confirming results were then obtained along the compression fissures in
rock samples undergoing laboratory tests: increases in background neutron counts, a decrease in the abundance of
iron isotopes, together with an increase in magnesium, silicon and potassium isotopes. Their conclusion is that LENR
effects — unrelated to the more usual palladium and nickel electrolytic findings of cold fusion research — result in the
fission of iron, and the deposit of daughter fragments. An understanding of the significance of the Carpinteri results for
both geology and LENR has only recently begun.

4. Putting LENR and the Magnetic Nuclear Force Together

While the focus of most experimental and theoretical LENR research has, for obvious reasons, been on the factors
that lead to the production of excess heat in “table-top” LENR experiments, the theoretical implications of LENR are
potentially revolutionary for nuclear structure physics, in general. Alone, the reconfiguration of nuclear structure theory
within the framework of a lattice model (a “frozen liquid-drop”) would appear to have little relevance for theoretical
developments in LENR, but the nuclear force properties that are implied by the lattice may be important.

The original claim of the lattice model was simply that a mathematical isomorphism exists between the entire set
of nucleon states (as described in the independent-particle model, IPM) and a specific lattice (see the Appendix for a
summary and literature references). The significance of the isomorphism lies in the fact that, unlike the gaseous phase
models of the nucleus (the conventional Fermi gas, shell model and IPM), there is a precise geometrical configuration
of nucleons in the lattice version of the IPM. As a direct consequence of that geometry, any quantum mechanical nuclear
state that can be described in the IPM necessarily has a structural analog in the lattice. That fact, in turn, implies that
the entire set of local nucleon-nucleon interactions for any given number of protons and neutrons in the lattice can be
calculated. It is the precise, quantitative nature of nucleon interactions that distinguishes the lattice version of the IPM
from the gaseous version.

Although the relevance to LENR studies is not obvious at first glance, there are two main arguments that suggest a
deep connection between the lattice model and LENR. The most important point, in terms of nuclear structure theory,
is the fact that the lattice IPM lends itself to implementation of a fully realistic nuclear force at the dimensions of the
lattice, with no need to postulate a gaseous nuclear interior or a fictitious, long-range “effective” nuclear force unlike the
force that is known experimentally. Since a nearest-neighbor internucleon distance of 2.026 fm in the lattice gives the
nuclear core density of 0.170 nucleons/fm? and reproduces nuclear charge radii and binding energies [1], the magnitude
of the nuclear force at specifically 2.0 fm becomes crucial. Examination of magnetic effects at that scale (Section 2)
clearly shows the relevance of femto-magnetic phenomena for explaining total nuclear binding energies.

The second, more direct, connection between the lattice model and LENR is found in the simulation of LENR
phenomena using the lattice structures for specific nuclei, notably palladium and iron isotopes. While the energetic
basis for all forms of LENR remains a theoretical puzzle, the specific types of nuclear “ash” that have been reported
find relatively straight-forward explanations in terms of fission products, as deduced from systematic severing of nuclei
along lattice planes.

Lattice simulations began with the thermal fission of uranium and plutonium isotopes [19], where the lattice
structures were shown to produce asymmetrical fission fragments close to the 3:2 ratio that is known experimentally
(Fig. 6). Notably, unlike the conventional liquid-drop and shell model explanations of asymmetrical fission, the lattice
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results are produced without the use of an “asymmetry parameter” or other adjustable parameters of the nuclear potential
well that are typically used to reproduce experimental findings. On the contrary, the asymmetrical fragments produced
in the lattice model are a direct consequence of the lattice geometry itself, insofar as certain oblique planes passing
through the actinide structures are energetically favored because they contain fewer nearest-neighbor bonds that cross
the fission plane than vertical or horizontal planes.

Using the same lattice fission technique as used for the actinides, the simulation of the fission of the palladium
isotopes (with a deuteron added at random to surface positions) produces approximately symmetrical fission fragments
(Fig. 7). The rough agreement with the transmutation data published by Mizuno [12] is apparent. Again, “fission
parameters” adjusted to reproduce the experimental data are not needed. While the energetic basis for the presumed
fission of palladium remains unclear in LENR, the findings on the masses of the isotopes in the nuclear “ash” are
consistent with the lattice model.

Finally, the newest of the LENR fission results are those of Carpinteri and colleagues [14—18]. Their basic finding
is that there is a depletion of iron isotopes specifically along the fracture planes that are revealed in the high-pressure
compression “failure” of granite and similar rocks. Together with isotopic analysis that reveals an excess of magnesium,
aluminum and silicon along those same planes, they have argued that there is strong circumstantial evidence for the
piezonuclear fission of iron (Z = 26), the production of daughter fragments (Z = 12 to 14) and low-level neutron
radiation. Again, questions about mechanisms remain unanswered, but the phenomenology is consistent with nuclear
fission.

Using the lattice model for the fission of iron isotopes, prediction of the high- and low-probability planes along
which nuclear fission may occur is straightforward. As shown in Fig. 8, the lowest energy (maximal compactness)
lattice structure for °Fe that is consistent with the lattice model can be fractured along 17 lattice planes that pass
through or near the nuclear center. Already at this relatively gross level, the lattice model indicates an abundance of
Z = 12 to 4 stable isotopes as the products of fission along nuclear lattice planes. Simulation results are summarized
in Table 1.

Table 1. The main products generated by fission of S6Fe along lattice planes using the NVS software

Fragment 1 Fragment 1 Interfragment effects
4 N A 4 N A 0 (MeV) Bonds
13 14 27 14 15 29 53.21 38

11 12 23 16 17 33 52.98 38

19 20 39 8 9 17 43.42 32

14 14 28 14 14 28 53.88 40

19 22 41 7 8 15 42.50 36

The current status of the lattice model in the realm of nuclear structure theory is approximately equivalent to the status
of LENR in the realm of experimental nuclear physics. Conventional nuclear theorists are vociferous that the many
models of the atomic nucleus are, if mutually contradictory, nonetheless “complementary” and suffice to explain nuclear
phenomena. Similarly, experimental nuclear physicists are vociferous that the empirical claims in LENR research for
excess heat and nuclear transmutations cannot possibly be true in light of the “central dogma” of atomic physics, and
must reflect experimental error and/or wishful thinking. In other words, both the theorists’ and the experimentalists’
rejection of LENR are based upon the presumed inviolability of the nucleus via relatively low-energy mechanisms.
There are, however, both experimental and theoretical grounds for skepticism concerning such dogma.
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5. Conclusions

The experimental finding that initiated the “cold fusion” revolution was the generation of heat in electrolytic experiments
far in excess of what could be explained conventionally on a chemical basis. Subsequent work indicated nuclear
products — including low-level radiation and nuclear transmutations. Two decades of further experimentation has
not led to theoretical clarity, but the involvement of the atomic nucleus in various ostensibly chemical phenomena
is now unambiguous [11]. Significantly, conventional nuclear theory does not predict the phenomena of LENR and
many conventional physicists remain unconvinced of the reality of LENR since the energy domains of chemistry and
nuclear physics remain so far apart. The negative bias with regard to LENR is clearly a consequence of the familiar,
but apparently incomplete, theoretical framework of the “central dogma” of atomic physics from the 1930s. Our
own calculations (strictly within the realm of nuclear structure theory) indicate a previously unrecognized magnetic
contribution to nuclear binding energies. Time, concerted effort and low-level funding for basic research will eventually
tell what mechanisms are important, but it is already clear that a revision of the dominant “dogma” of atomic physics
is in the making (Fig. 9).

Appendix A.

Details of the lattice model have been published in the physics literature [e.g., 6,7, 19-26], summarized in spreadsheets
and PowerPoint presentations available over the internet [8,27], illustrated in cross-platform software that is freely
available [27,28], and thoroughly discussed in a recent monograph [1]. The model has been advocated as a possible
unification of nuclear structure theory — a field notorious for its continuing use of numerous, mutually-contradictory
macroscopic analogies — the notorious gaseous, liquid, and cluster models of nuclear theory. Unfortunately, despite
the widely acknowledged disarray of nuclear “modeling,” the argument for the unification of nuclear theory within the
lattice model has fallen on deaf ears in light of the many successful applications of nuclear energy over the course of
many decades. It may indeed be true that the many modern applications of nuclear phenomena are too numerous to
discredit the entire field, but developments in LENR have again brought the “completeness” of current nuclear orthodoxy
into question. Not only have unanticipated, low-energy nuclear phenomena been detected, but the reconfiguration of
the central paradigm of nuclear structure theory, the IPM, within a lattice suggests the form in which a modern theory
of quantum nucleodynamics (QND) might eventually take [29].

Whatever the ultimate outcome of current theoretical debates, it can be said that the central pillar in support of
the lattice model — largely unappreciated, but uncontested by conventional theorists — is that the antiferromagnetic fcc
lattice uniquely reproduces the entire “independent-particle texture” of the nucleus, as originally described in the IPM
(ca. 1950). The mathematical identity between the lattice and the standard view of nuclear quantum mechanics means
that the quantal states of nucleons (n, [, j, m, s, i and parity) can be deduced solely from nucleon coordinates in the
lattice, and vice versa [7]. That fact is illustrated in the following seven equations:

n=|x|+[yl +1z| = 3)/2, (A.D)
I=\x|+1yl =2)/2, (A2)
J=1x+1yl=2)/2, (A3)

m = |x|"((=D) A ((x — 1)/2)/2, (A4)
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s=(=DAlx—1)/2)/2, (A.5)
i=(E=DA(x—-1)/2), (A.6)
parity = sign(x*y*z), A7

where nucleon coordinates (x, y, z) are the odd-integers that define a face-centered cubic lattice. The simplicity
of the equations is self-evident, and leads to various nuclear-level geometrical symmetries of the nuclear shells and
subshells (spherical n-shells, cylindrical j-shells, conical m-shells, orthogonal layering of spin and isospin). Even the
non-classical concept of nucleon parity finds a geometrical definition in the lattice. A priori, it is not obvious which
version of the independent-particle model — a lattice or a gas — is a more suitable description of nuclear reality, and
further research is still needed.
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Effect of Recrystallization on Heat Output and
Surface Composition of Ti and Pd Cathodes*
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Abstract

The microstructure of Pd and Ti foils was altered by cold rolling followed by heating at temperatures up to ~700°C. The surface
topography and microchemical composition of these foils was studied before and after electrolysis with heavy water electrolyte.
Temperature measurements during electrolysis showed that Ti and Pd cathodes which had been heated to ~700°C gave about 1W
excess power relative to a control.
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1. Introduction

It is well known that the microstructure of metals can be altered by deformation which produces point defects (vacancies
and interstitials) and line defects (dislocations). Crystal size can vary from single crystals to nanocrystals. The presence
of defects and grain boundaries results in slight expansion of the crystal lattice which may enhance diffusion of elements
such as hydrogen and deuterium into titanium and palladium, thus increasing the rate and degree of loading. This may
increase the excess thermal power produced during electrolysis of heavy water—sulfuric acid electrolyte with Ti or Pd
cathodes. The purpose of this research was to determine if heating at elevated temperatures after cold rolling affects
the thermal output and surface composition produced during electrolysis with Ti or Pd cathodes.

In a collaborative research effort between scientists at ENEA and SRI International, it has been shown that annealing
palladium foil at temperatures between 800 and 1100°C increases the maximum D/Pd loading ratio by reducing the
internal stress generated during deuteron sorption by the Pd lattice [1]. Annealing cold rolled metal foils such as Pd
and Ti over a Bunsen burner flame should produce a similar reduction in the stress field via recrystallization. The effect
of this process on excess enthalpy production, surface morphology, and elemental composition of Pd and Ti cathodes
was studied herein.

*This work was supported by a grant from the New York Community Trust.
TE-mail: dashj@pdx.edu

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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Figure 1. Temperature and input power evolution of an experimental (E) cell containing a thermally treated titanium cathode and a control (C) cell
containing a Pt cathode.

2. Experimental

Ti foil (Alfa Aesar stock #43676, 99.99%, metals basis) and Pd foil (Alfa Aesar stock #11514, 99.9%, metals basis)
were cold rolled from 0.5 mm thickness to about 0.3 mm thickness. Strips (10 x 30 mm?) were # 3 cut from the cold
rolled foils to be used as cathodes during electrolysis. The electrolyte consisted of 1.5 M H>SO4 (Fisher Scientific, lot
#050994) in D0 (Aldrich stock #14764, 99.8% isotopic).

Two cells were constructed in order to determine if cathodes with recrystallized microstructure are effective in
producing excess thermal power. A cell with a cathode made from cold rolled Ti was crimped to a Pt wire (Alpha Aesar
stock #10285, 99.95%). A control cell was identical except that its cathode was a Pt foil (Alfa Aesar stock #11509
99.99%). Each cell used a Pt foil anode and the same electrolyte.

Recrystallization was achieved by heating the cold rolled foils for 40 min at an average temperature of ~700°C with
a Bunsen burner, after which a recrystallized Ti foil was crimped to the Pt cathode wire. Electrolysis was performed with
constant cathode current density of about 0.3 A/cm?. Cell voltage and temperature were monitored with an automated
data acquisition system.

3. Results

The data for the thermocouples which were attached to the outsides of the cells, close to the cathodes, is shown in
Fig. 1, along with the power input to each cell. The input power to the control cell (C cell) is slightly higher throughout
the experiment than the input power to the experimental cell with the recrystallized Ti cathode (E cell). Even though
the E cell received less power, its temperature was higher than that of the C cell throughout the experiment. The peak
E Cell temperature was about 92°C, and the peak C cell temperature was about 82°C. These peaks were reached after
about 200 min of electrolysis.

The input power fluctuations to the E cell were caused by a loose connection to the cathode wire. Note that there
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Figure 2. Surface topography of a cold rolled Ti substrate after 40 minutes of heating at 700°C over a Bunsen burner.

is less input power to the E cell than to the C cell throughout the entire run. Even so, the E cell produced about 1W of
thermal power more than the C cell.

A second round of electrolysis was conducted using the same electrodes in order to test if the results obtained with
this system were repeatable. The recombination catalyst was no longer effective after the first round of electrolysis, so
it was replaced in both cells, and additional electrolyte was added to bring the cells to their initial electrolyte levels.
The data obtained from this second experiment gave nearly identical results as the first.

A third experiment was conducted using the same electrodes. The recombination catalyst was replaced and the
electrolyte was replenished before this run was made. This experiment did not replicate the first two. The maximum
temperature was about 100°C for the E cell and 85°C for the C cell. The reason why the third run did not replicate the
first two may be because the Ti cathode in the E cell slowly dissolved, thus reducing the surface area. Higher power
input was required to maintain the constant current.

Figure 3. Surface topography of a titanium cathode after cold rolling, heating, and electrolysis in HySO4/D70.
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Figure 4. SEM image of a feature commonly found on the surface of a cold-rolled, heated titanium cathode following electrolysis in acidified
heavy water.

The result was higher E cell temperature, which vaporized about 30 ml of the electrolyte. This loss made it
impossible to calculate excess power accurately.

4. SEM and EDS Characterization

Using a scanning electron microscope (SEM) equipped with an energy dispersive spectrometer (EDS), we studied the
surface topography and microcomposition of the thermally treated cathodes both before and after electrolysis. Figure 2
shows the typical surface topography of a titanium cathode after heating but before electrolysis.

EDS data was collected from the reduced areas outlined in Fig. 2. The EDS scan obtained from the center of the
image (RA#1) contains about 2 at.% Fe, along with O, C, and Ti, whereas the reduced area to the left (RA#2) contains
only O, C, and Ti (Table 1).

Figure 3 shows the surface topography of a Ti cathode that had undergone cold-rolling, followed by 40 min of
heating at ~700°C, and electrolysis. There are three similar pits (black) about 50 m diameter, with white rims which
protrude above the surface. The surface eruptions have similar size and shape.

EDS spectra were taken from an eruption on a Ti cathode after cold rolling, heating, and electrolysis (Fig. 4). Spectra
were obtained from the whole area, the reduced area (RA), the black spot S1, the white spot S2, and the triangular
area in the small square near the center labeled S3 (Table 2). The detected elements consisted mainly of C, O, and Ti.
Anomalous V was found in four of the five spectra at the 0.1 at.% level. Anomalous V, Cr, Fe, and Ni were found in
the triangular particle within the small square near the center of the figure. Fe was at the 0.3 at.% level, and the other
elements were at the 0.1 at.% level.

Table 1. Atomic composition of RA#1 and RA#2 in Fig. 2

Element Atomic (%) composition  Atomic (%) composition

reduced area #1 reduced area #2
C 11.79 16.73
(0] 77.79 72.05
Ti 8.54 11.22

Fe 1.88 0
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We performed similar experiments using Pd foils instead of Ti and obtained similar results. At steady state, the
temperature of the cell with a heated Pd cathode was about 7°C higher than that of the control. With the same input
power, this means that the heated Pd cathode was producing about 1 W more power than the control.

The topography of a Pd cathode after heating but before electrolysis is shown in Fig. 5a. It appears that surface
melting has occurred, leaving a network of pores. Since the melting point of Pd is 1549°C and the Bunsen burner flame
does not reach such temperatures, we speculate that a diffusion based process is responsible for the formation of the
porous microstructure in Pd, namely spinodal decomposition [2, 3].

It is apparent that the heating of Pd over a Bunsen burner flame produces a high surface area, porous topography.
More over, this morphology is stable since it has clearly maintained its structure even after 22.5 h of electrolysis at a
current density of 340 mA/cm? (Fig. 5b). The white dots on the palladium surface seen in Fig. 5b are electroplated
platinum deposits, which come from the dissolution of the anode.

Figure 6 shows another example of porous surface microstructure on a Pd cathode which had been heated in a
Bunsen burner flame, then electrolyzed for 14.5 h. The pores seem to be concentrated in strands which meander over
the surface. The square area in the center of the micrograph is shown enlarged in Fig. 6b, which has features suggesting

Figure 5. Surface topography of a Pd cathode after heating for 40 min under a Bunsen burner flame (a) before and (b) after electrolysis in
H>SO4/D50.
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Figure 6. (a) Low magnification and (b) high magnification SEM image of a heated Pd sample following electrolysis in HySO4 /D 0.

surface melting.
Figure 7 shows another view of a porous Pd cathode after electrolysis. Two of the pores were analyzed with the
results given in Tables 3 and 4. Both contain significant amounts of Ag, which is consistent with our previous results

(4].

Table 2. Atomic composition of the labeled regions in Fig. 4

Element Atomic (%) composi-  Atomic (%) composi-  Atomic (%) composi-  Atomic (%) composi-  Atomic (%) composi-

tion reduced area tion black S1 tion white S2 tion whole area tion white triangle S3
C 26.71 43.78 35.72 22.25 41.21
(0} 64.60 52.93 59.55 68.92 52.60
S 0 0 0 0 0.04
Ti 8.69 3.23 4.67 8.73 5.60
v 0 0.06 0.07 0.11 0.08
Cr 0 0 0 0 0.10
Fe 0 0 0 0 0.33
Ni 0 0 0 0 0.04
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Figure 7. SEM image of a cold-rolled, heated Pd substrate following electrolysis in HySO4/D> 0.

Table 3. Atomic composition of pore S1 in Fig. 7

Element Weight %  Standard deviation — Atomic %
C 5.12 0.42 33.67

Al 0.7 0.16 2.03

Pd 70.76 1.52 52.51

Ag 7.04 1.68 5.15

Pt 16.39 0.79 6.63

As a final example, Fig. 8 shows the locations on the surface of a thermally treated, electrolyzed Pd cathode from
which EDS spectra were obtained.

Quantitative results suggest that three of the five regions contain significant quantities of silver, with the highest
concentrations located within pores (Table 5). Anomalous Ag is found in the black and gray features, but not in the

B

Figure 8. SEM image of the concave side of a heated palladium cathode after 14.5 h of electrolysis.
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Table 4. Atomic composition of pore S2 in Fig. 7

Element Weight %  Standard deviation  Atomic %
C 0.82 0.26 7.18

Pd 80.49 1.84 79.12

Ag 8.49 1.92 8.23

Pt 10.20 0.74 5.47

white features.

A primary objective of this research was to determine if there is an optimum time of heating at 700°C that produces
a microstructure which maximizes excess heat during electrolysis. The results obtained for Pd cathodes are given in
Table 6. Heating Pd for 40 min at 700°C gave 7°C higher steady-state temperature than no heating.

5. Discussion

The microstructure of the cathode in low energy nuclear reaction (LENR) studies is an important factor in loading
hydrogen isotopes into the host lattice. In the case of nanocrystals, the goal is to prevent sintering of the microscopic
particles so that a large surface area to volume ratio is maintained.

Cold rolled Ti foils, melting point 1668°C, and cold rolled Pd foils, melting point 1549°C, were used in this research.
The goal of heating was to recrystallize the foils to form a new set of microscopic crystals with a large surface area to
volume ratio.

Although the data are few, it seems that heating the foils for 40 min at 700°C produces microcrystals and unexpected
microporosity which serve to increase excess heat and reproducibility for both Ti and Pd. In addition we continue to
observe anomalous Ag in our EDS spectra, such as we reported previously [4].

It was suggested that the observed surface morphology is due to a compound of Pd, O, and C which has a low
melting point [5]. Such a compound could form at elevated temperature if the free energy change is favorable. Rapid
cooling to ambient would preserve the surface morphology in the form which was produced at elevated temperature.

6. Conclusion

This study shows that it is possible to enhance excess heat from metals such as Ti and Pd by thermal treatment to
produce microstructure such as porosity which is favorable to diffusion of gases into the metals. Reproducibility of
results may also be increased.
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Table 5. Atomic composition of various spots on the sample shown in Fig. 8

Element Atomic (%) com-  Atomic (%) com-  Atomic (%) com-  Atomic (%) com-  Atomic (%) com-
position black S1 position black S2 position white S3 position white S4  position gray S5

C 19.42 23.80 36.82 42.11 26.34
(6] 36.05 23.34 24.55 24.04 30.37
Pd 37.55 45.18 31.49 28.36 35.55
Ag 1.49 3.78 0 0 0.59

Pt 5.49 3.90 7.14 5.49 7.14




88

J. Dash et al. / Journal of Condensed Matter Nuclear Science 13 (2014) 80-88

Table 6. Effect of recrystallization heat treatment of palladium
cathodes on cell temperature during electrolysis

Duration of thermal treatment ~ Steady-state temperature

(minutes at ~700°C ) during electrolysis (°C)
0 64
20 65
40 71
60 68
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Abstract

We have studied the elemental composition of palladium and rhenium specimens irradiated in dense gaseous deuterium by y -quanta
of a continuous spectrum with the threshold energy of 23 MeV. Significant anomalies are found in the structure and elemental
composition of the irradiated specimens. At both ends of the palladium wire considerable changes are observed in the form of
blowouts (resembling congealed “Solar protuberances”) of molten metal with complex elemental composition. The palladium
surface proved to be covered with small particles, approximately 1-2 wm in size, composed of rhenium oxide Re,O7 , while near
the cracks and fractures the surface was covered with rhenium, carbon and oxygen crystallites of hexagonal symmetry. The entire
surface of the rhenium sample became cracked and coated with a thick layer of carbon compounds with rhenium as Re;Cy. The
phenomenological model of nuclear reactions leading to the observed elemental composition of rhenium and palladium is discussed.
© 2014 ISCMNS. All rights reserved. ISSN  2227-3123

Keywords: Chain reaction of deuterium heating, Dense deuterium gas, Elastic and inelastic scattering, 2H-induced reactions, High
pressure, Photon absorption and scattering

1. Introduction

In previous works [1-6] the authors described a new approach to the study of nuclear reactions in deuterated materials
saturated with atomic deuterium up to stoichiometric composition [7,8]. The authors described the creation of new
structures in dense gaseous deuterium in metals. This approach is based on: (a) the use of Deuterium High Pressure
Chambers (DHPC), see [6], which are capable of preserving molecular deuterium in a gaseous state for a long time

*E-mail: didyk @jinr.ru
TE-mail: roland.wisniewski@gmail.com

© 2014 ISCMNS. All rights reserved. ISSN  2227-3123
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Figure 1. A schematic of the Deuterium High Pressure Chamber (DHPC) used to irradiate materials.

under pressure of up to 3—4 kbar, (b) application in HPC filled with dense gaseous molecular deuterium in which
metallic or non-metallic specimens and special collectors for synthesized structures are placed, (c) irradiation of the
DHPC by a flux of y-quanta with a continuous energy spectrum, obtained at the tungsten braking target using electron
beams of energies 10-25 MeV, i.e., in the region of a giant dipole resonance.

The aim of this work is to study the characteristics of nuclear reaction processes in pure metals in these conditions.

2. Experimental Technique

Palladium specimens (99.96%, in the shape of a wire of diameter 1 mm and length 110.7 mm) and rhenium specimens
(99.97%, three wires of diameter 1 mm and lengths 12.5, 24.5 and 33.0 mm) were placed in a DHPC under the pressure
of gaseous deuterium 2860 bar and irradiated at the electron accelerator MT-25 by electrons of energy 23.5 MeV at the
average electron beam current 11-12 pA during 17.5 h of pure accelerator time.

Figure 1 shows a DHPC used for y-quanta irradiation of specimens of various materials in the shape of wires and
cylinders with relatively small diameters.

It should be noted that in the first experiment, which was described in detail in [1-5], a patented DHPC chamber
[6] was used. In this experiment the walls of the DHPC constructed in frames of another project are made of 206
stainless steel to exclude chemical elements such as copper and zinc, which were observed in the first experiment.
These elements formed contamination that made up a layer 80 um thick on the palladium in the first experiment.

In the present experiment the thickness (W) of the braking target was set to 3 mm, while the aluminum electron
absorber was 25 mm. Irradiation by y-quanta with threshold energy 23 MeV was carried out for 19.5 h (7 x 10* s)
at the average electron beam current 11-12 umA. Calculation of y-quanta spectra and fluxes as well as neutron yield
from the d(y,n)p neutron photodisintegration reaction is described in detail in [1-5].

Before opening the DHPC (Fig. 1), the chamber pressure was measured to be 2860 bar. The palladium (99.96%,
a wire of length 110 mm and diameter 1 mm) and rhenium (99.97%, three wires of lengths 12, 25 and 33 mm and
diameter 1 mm) specimens placed in the chamber could be extracted only three days after deuterium desorption. The
specimens, like the DHPC itself, proved to be highly activated, which prevented X-ray microelement analysis even after
a long period of waiting for decreased induced activity: four full months for the palladium specimens and over eight
months for the rhenium ones. As in previous studies [2—4], investigation of the structure and elemental composition
of the virgin and irradiated specimens was done using scanning electron microscopy (SEM) and X-ray microelement
analysis (XMA).

2.1. Experimental results for the palladium wire of length 110.7 mm

As shown in Fig. 2, the right edge of the specimen has undergone particularly considerable changes, namely, formation
of an elongated part tapering towards the end from 1 to 0.461 mm in diameter with a strongly deformed frontal edge
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Table 1. Shows element concentrations at Points 1-3.

. Point 1 Point 2 Point 3

Element 2 X-rayseries wt. % at.% wt. % at.% wt. % at.%
C 6 K - - 65.24  76.22 4831 66.42
(0] 8 K 1524  27.95 18.04 15.77 1430 14.76
F 9 K - - - - 7.52 6.28
Na 11 K - - 0.88 0.53 1.61 1.16
Mg 12 K 2.22 2.68 0.45 0.26 - -
Al 13 K 50.18 54.56 12.06 6.26 1299 795
Si 14 K 3.14 3.28 0.14 0.07 - -

S 16 K 1.04 0.95 0.11 0.05 - -

Cl 17 K 0.50 0.41 0.48 0.19 0.24 0.11
K 19 K 1.89 1.42 0.44 0.16 345 1.46
Ca 20 K 0.71 0.52 0.09 0.03 0.58 0.24
Cr 24 K 0.96 0.54 0.30 0.08 0.47 0.15
Mn 25 K 0.63 0.33 0.06 0.02 - -
Fe 26 K 4.51 2.37 1.37 0.34 2.52 0.75
Ni 28 K - - 0.10 0.02 - -
Cu 29 K 4.05 1.87 0.05 0.01 - -
Zn 30 K 2.29 1.03 - - - -
Pd 46 L 0.83 0.23 - - - -
Re 75 L 11.82  1.86 - - 8.32 0.74

about 100 um wide. On both at the left (a) and right (b) ends of the wire one can observe smaller-scale inhomogeneities
in the shape of congealed blowouts from the surfaces.

Figure 3 shows congealed-*“Solar-protuberances” structures: (a) — blowout from the left surface in the direction
opposite to the y-quanta flux direction, (b) — blowout in the direction coinciding with the y-quanta flux direction, and
(c) — “pedestal” crystal structure on the surface from the direction of y-quanta penetration.

Table 1 clearly shows that nuclear reactions in this experiment produce such palladium fission products as copper
(29Cu-1.87 at.%) and zinc (30Zn—1.03 at.%). These results are similar to the results presented in [1-5]. One can also
see that nuclear reactions in palladium yield light chemical elements 12Mg, 13Al, 145i. 165, 17Cl, 19K and 2oCa, heavier
elements 24Cr, 25Mn, 2¢Fe, also 29Cu and 30Zn. The latter two chemical elements deserve special attention because they
were found in significant quantities in the palladium cylinder surface in studies [1-5]. In order to check the reaction

Figure 2. SEM images of the left (a) and right ends of the palladium wire.



92 A.Yu. Didyk and R. Wisniewski / Journal of Condensed Matter Nuclear Science 13 (2014) 89-105

(b)

©

Figure 3. Two congealed blowouts from the direction of y-quanta entry into the left end of the palladium wire and the “pedestal” of
structure (Fig. 4).
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(b)

Figure 4. Two congealed blowouts from the direction of y-quanta escape from the right end of the palladium wire.

processes in palladium with the production of 29Cu and 39Zn, all the materials containing these elements in the previous
DHPC were replaced with stainless steel (see Fig. 1).

Figure 4 shows two photos of blowouts at the end surface, from the direction coinciding with the y-quanta flux
direction. As is shown, the elemental composition of the blowouts is comprised of a series of elements, which are lighter
than palladium. Moreover, these elements are by no means coincidental. They can be obtained in nuclear reactions via
fission of palladium isotopes which are described in [3,5]. The atoms of light chemical elements as 1{Na, 1oMg, 13Al,
1451, 165, 17Cl, 19K, 20Ca, 24Cr, 25Mn, 2¢Fe, and 23Ni have greater volatility than the atoms of heavy chemical elements
such as 46Pd; therefore, the palladium concentration is small or completely absent from the chemical composition of
the congealed blowout (see Table 2). The speed of particle evaporation from the surface, introduced in [9], represents

as

dn kT \'? Uo

— =N|—— exp|——|,

dr 2 M kT
where N, k, T, M, and U are the atomic density of particles in liquid phase, Boltzmann’s constant, temperature on the
surface, mass of the escaping particle and particle-surface binding energy, respectively.
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Figure 5. SEM image of surface patch near the tapering part from Fig. 2 (b).

Table 2 shows congealed blowouts of the elemental compositions in the cavities at Points 4 and 5. In Fig. 4, the
SEM image shows a surface patch near the tapering part (Fig. 2 (b)) with two points where XMA analysis was carried
out.

As is evident from Table 3 (Point 6), when the palladium concentration is significantly high, iron, nickel and
chromium are also present. The composition of these elements is close to the elemental composition of the 206
stainless steel, which comprises the material of the DHPC wall: Fe-60.4%; Cr-30.5%, and Ni-9.0%. Nevertheless,
the measured concentration of these elements is different from the original construction stainless steel composition.
Apart from this, one can also observe significant amounts of aluminum (17.29 at.%) and copper (2.02 at.%). Analysis
of a particle observed on the palladium wire surface (at Point 7) revealed a high concentration, for instance, of iron
(38.39 at.%) and also carbon (37.76 at.%).

Table 2. Shows the elemental compositions in the cavities at Points 4 and 5.

. Point 4 Point 5
Element Z X-ray series —a 2% % 2%
6C 6 K 3040 47.58 - -
g0 8 K 9.52 11.42 10.82  18.19
Na 11 K - - 1.36 1.59
Mg 12 K 1.32 1.02 1.67 1.85
Al 13 K 55.14  38.42 68.73  58.55
Si 14 K 0.37 0.45 1.58 1.51
S 16 K 0.11 0.07 0.29 0.25
Cl 17 K 0.74 0.39 0.77 0.58
K 19 K 0.43 0.20 0.64 0.44
Ca 20 K 0.27 0.13 5.74 3.86
Cr 25 K 0.29 0.10 0.83 043
Mn 25 K 0.36 0.12 0.58 028
Fe 26 K 0.82 0.28 2.20 1.06
Ni 28 K 0.02 0.01 0.95 0.44
Pd 46 L - - 3.84 0.97
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Table 3. Provides elemental compositions for Points 6 and 7 from Fig. 5.

. Point 6 Point 7
Element Z X-ray series % % % %
C 6 K - - 13.15 37.76
(0] 8 K - - 6.60 14.24
Mg 12 K - - 1.13 1.61
Al 13 K 5.18 17.29 0.46 0.62
Si 14 K - - 0.39 0.48
Cr 24 K 0.93 1.60 0.57 0.38
Fe 26 K 1.97 3.17 62.15 38.39
Ni 28 K 0.31 0.47 2.53 1.49
Cu 29 K - - 3.72 2.02
Pd 46 L 81.61 77.46 9.27 3.01

(b)

Figure 6. SEM images of a surface patch near the tapering part from Fig. 2(b).
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Table4. Provides elemental compositions for Points 8 and 9 marked in Fig. 6.

. Point 8 Point 9

Element Z X-ray series —a % % %
C 6 K 6.42 37.25 17.17  43.80
(0] 8 K - - 1438 27.54
F 9 K - - 3.37 544
Na 11 K - - 0.82 1.03
Al 13 K 0.42 1.08 0.69 0.79
Si 14 K - - 0.40 0.44
P 15 K - - 0.26 0.26
Ca 20 K - - 0.93 0.71
Cr 24 K 0.39 0.52 - -

Mn 25 K - - 0.18 0.10
Fe 26 K 0.66 0.82 0.33 0.18
Pd 46 L 92.11 60.32 59.52  17.14

As shown here, along with the relatively high palladium concentration, significant amounts of carbon are observed,
as in the previously measured surface patch (¢C-37.25 at.%). Similarly to the congealed blowouts (see Fig. 2 (a,b)),
there is an even greater variety of light atoms of chemical elements such as ¢C (43.80 at%), 7N 1(?), 3O, oF, 19Ne
T(?), 11Na, 12Mg, 13A1, 14Si, ]5P, 16S, 17C1, 18AI'T(?), 19K, 20Ca, 25Mn, 26Fe, and 46Pd. One can see that all chemical
elements are present here, beginning with Z = 6 (,C), Z = 20 (29Ca), where symbols 4(?) indicate volatile elements
which are impossible to register in a non-bound state by microelement analysis.

Figure 7 shows SEM images of two surface patches, also near the tapering part (Fig. 2(b)), with several particles
on the palladium surface analyzed using XMA.

It should be noted that all foreign particles in both i