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FOREWORD

1. HISTORY

Eleven years have passed since Professors Fleischmann and Pons (FP) announced
that they had observed the fusion of two deuterium nuclei at room temperature within
the lattice of a metal. This announcement produced great excitement, and there were
many attempts to reproduce the experiment. It turned out that it was neither easy, nor
easily reproducible, and the eventual outcome was the growth of enthusiasm and
skepticism at the same time: the enthusiasm of those who succeeded in repeating the
experiment and the skepticism of those (the majority) who did not. Within a few
months the scientific community took the “semi-official” position that none of it was
true and that “Cold Fusion” (CF) did not exist.

This history has created a very strange situation, a divergence increasing in time
between official science and a small group of researchers, most of whom have
participated in this Conference, who have continued to do research in this field. They
had the conviction, better the awareness, that the phenomena under investigation were
real and scientifically very interesting. The hope that this research could also have an
important practical result, mainly as a new energy source, added charm and passion to
this enterprise.

" Research in CF has been going on all these years, producing continuous, albeit
gradual, progress, mostly in USA, in Japan, in Italy, in Russia, in China, and, to a lesser
extent, also in other countries. There have been difficulties in communicating the
results obtained within and outside of the CF community: many scientific journals have
a priori denied access to papers related to CF. In this situation an important role has
been played by the International Conferences, of which the present, ICCF8, is the most
recent. They have offered an occasion to meet and exchange information among the
researchers active in this field, and have provided an important resource with their
Proceedings, amounting to a good archive, witnessing the development of CF. I think
that it is worthwhile, at this time of the CF history, to review them, thus producing a
concise outline of the main events in the field.

The first Conference was sponsored by the “National Cold Fusion Institute” (NCFI),
founded by the University of Utah, and was held in Salt Lake City at the end of March
1990. It was called “The first annual Conference on Cold Fusion”. There were already
major difficulties: the official scientific community had already pronounced its verdict
against CF; the NCFI would close shortly afterwards; within the CF community there
were two diverging schools, those who believed only the nuclear evidence (mainly
neutrons), barely accepted by the scientific community, and those who believed in
excess heat, spurned by the scientific community. I must confess that I belonged to the
first school, being quite skeptical about heat production, and I participated in the
organization of a “dissident” Conference, called “Anomalous nuclear effects in
deuterium/solid systems”, sponsored by “The Electric Power Research Institute”
(EPRI), by the US Department of Energy (DOE) and by the Brigham Young
University at Provo (BYU): the Conference was held in Provo, Utah, in October 1990.
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At this point two parallel initiatives were proposed: 1 was asked by the “neutron”
people to organize the next Conference in Italy and Giuliano Preparata was asked to
perform the same task by the “excess heat” people. There were discussions and
correspondence was exchanged between the representatives of the two schools, but
eventually wisdom prevailed and it was decided that there would be only one
Conference, in Italy, covering all aspects of CF. This was the “Second Annual
Conference on Cold Fusion”: Tullio Bressani, Emilio Del Giudice, and Giuliano
Preparata were the Chairmen, and for the first time an International Advisory
Committee (IAC) appeared. The Conference was sponsored by Italian universities,
research agencies and industries, and was held in Como at the end of June and
beginning of July 1991.

I think that the Como Conference was very important in the development of CF.
There were at least two results that have influenced future research: the statement that
heat excess in electrolytic cells with heavy water and palladium cathode could be
obtained only if the amount of deuterium absorbed in the palladium lattice (the D/Pd
ratio) exceeded a threshold value (McKubre), and the correlation between heat excess
and the presence of ‘He, understood to be a nuclear ash of the fusion process (Miles).
Both these features were consistent with the theory presented by Preparata, Bressani
and Del Giudice in April 1989. The many confirmations of the production of heat
excess also had an important effect on me and on the ENEA Frascati Group: we
decided to move from neutron and tritium detection to calorimetry, and eventually we
obtained very convincing evidence of the existence of excess heat.

Next Conference was organized in Japan, with the strong encouragement of IMRA,
the research enterprise that owed its existence to the determination of Minoru Toyota,
an influent member of the Toyota “dynasty”. It was sponsored by many Japanese
scientific institutions, was held in Nagoya in October 1992, and was chaired by Prof.
Hideo lkegami. This was the first for which the present name and acronym were used:
“3" International Conference on Cold Fusion” (ICCF3). The IAC was also active in
this Conference, and a general rule was informally accepted about the frequency and
location of the subsequent conferences: there would be a rotation among the three
most active continents: Asia, America, and Europe, with roughly one and a half years
between successive conferences. Thus we had ICCF4 in December 1993 in Maui,
Hawaii, USA, sponsored by EPRI and by the Stanford Research Institute (SRI),
chaired by Drs. Tom Passell and Michael McKubre, followed by ICCFS, in April 1995,
in Monte Carlo, (almost) France, Europe, organized again by the IMRA laboratories,
chaired by Prof. Stanley Pons. Then came ICCF6, in Toya, Japan, in October 1996,
organized by the Japanese government enterprise, “The Institute of Applied Energy” of
the “New Energy Technology Development Organization” of MITI (the Ministry of
International Trade and Industry): it was chaired by Prof. Makoto Okamoto. Finally
ICCF7 was held in Vancouver, Canada, in April 1998, and was organized by Eneco, a
private company that has always followed attentively the development of CF. Fred
Jaeger was its Chairman.

After Asia and America, it was once again the turn of Europe. In Vancouver I was
appointed by the TAC to be Chairman of ICCF8, to be held in Italy. The period
envisaged was October 1999, but a number of management problems that I had to face
in Frascati forced me to propose to the members of the IAC to postpone ICCF8 to the
Spring of 2000. They accepted and it seemed advisable, in order to avoid the
congestion to be expected in the Rome area during the Holy Year, to have it in a
different site. Antonella De Ninno proposed Villa Marigola, a beautiful 18" century
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villa upon a hill in a delightful park in Lerici, which is a small town on the Tirrenian sea

not far from Genoa. In retrospect it seems to me that this choice was appreciated by

the participants in the Conference.

In the course of these years many new features of CF have appeared, only a few of
which I will mention here: In FP-type experiments, the “heat after death”, i.e., the
production of excess heat after the total evaporation of the electrolyte; the possibility
of having CF phenomena by coupling hydrogen and nickel (rather than deuterium and
palladium); the increasing evidence of “transmutations”, i.e., the appearance, after the
CF experiment, of nuclei that were absent before; the increasing accuracy in the
evidence of nuclear emissions, both in passive and “active” experiments, where by
active 1 mean those in which a stimulation is applied to the system under study
(energetic particles, e.m.-radiation, ultrasound). Much theoretical work deserves to be
cited: I will limit myself to stating what is, in my opinion, the most important notion,
presented first by Preparata as early as in 1989: a collective and coherent interaction
among the entities that participate in the CF phenomena is required in order to explain
them. The multiplicity of phenomena, together with the limited resources dedicated to
this research activity, results in a sparse but fascinating panorama, with many holes still
to be filled. Furthermore, all these features have continued to be haunted by the old
ghost of the “lack of reproducibility”. But in this direction too important progress has
been achieved. I will mention here just one episode: at ICCF6 the ENEA Frascati
Group presented a measurement in electrolytic cells with heavy water, in which an
easily measurable heat excess was obtained with quite good reproducibility; what is
most important is that this had been obtained by facing and solving material science
problems connected with the absorption of deuterium in palladium, and by carefully
designing the samples and the protocol of the experiment.

It is worth remembering that in these years there were three major initiatives:

1. EPRI made an important investment in CF research, initially in a number of areas,
eventually mostly in excess heat experiments with D/Pd systems, that were
performed at SRI. This project was active for many years and, in spite of good
results, was terminated in 1995,

2. 1 already cited IMRA, an institution tied to the Japanese industry Toyota: three
laboratories were created, two of them in Japan (in Sapporo and in Nagoya), and
one in Europe, at Sophia Antipolis, near Cannes. This project, too, has been
terminated quite recently.

3. Another important Japanese initiative was taken a few years later by the MITI,
with an additional contribution from a consortium of industries. A specialized
laboratory was built for the purpose, and universities collaborated on more
fundamental aspects. This project was terminated in 1998.

One could be tempted to interpret the end of these three important projects as a

demonstration that CF research is failing in its objective to become a well defined

discipline in science. I am convinced that this interpretation is wrong. Let me explain
why. One of the common characteristics of these projects is that they were promoted
by agencies (in a general sense) highly interested in the potential energetic applications
of CF. Thus, their expectation was to be able to develop practical applications of CF in

a few years. This has not happened: in spite of the indubitable scientific realities,

progress in CF research has been quite slow, both because of the intrinsic difficulties of

the field, and of the very scarce resources that have been dedicated to its study. Thus,
it is not surprising that enterprises that were born with the aim of a practical fall-out in
short time would give up.
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I am convinced that a lot of basic research is still needed in order to better
understand the science underlying CF, before practical objectives can be seriously
addressed: this can be better pursued by small groups that proceed with this idea
clearly in mind. And this is, in my opinion, what is happening. As an example, let me
note that at this Conference there were 15 communications by Japanese scientists
(more than 20% of the total), mostly from universities, in spite of the disappearance of
the two big initiatives quoted above. The research program at ENEA Frascati, funded
by the Italian Government, is another meaningful example, which, 1 hope, will be
followed by other initiatives of this kind.

2. ICCF8
2a. Generalities

The Italian research agency for energy and environment, ENEA (Lnte per le Nuove
tecnologie, I'Energia e I’Ambiente), accepted the task of organizing this Conference.
There were other important sponsors. One of them was CNR (Consiglio Nazionale
delle Ricerche), the largest public research agency in Italy. The others were the INFN
(Istituto Nazionale di Fisica Nucleare), an important research institution, operating in
symbiosis with Italian universities in the field of nuclear and sub-nuclear physics, and
the Italian physical society, SIF (Societa Italiana di Fisica). The latter is responsible
for publishing these Proceedings. The decision of ENEA to sponsor ICCF8 is part of a
more general initiative, taken by the Board of Administration of the Agency in 1998,
including the start of a research program, proposed by Giuliano Preparata, with a new
laboratory to be built at the ENEA Center of Frascati. This program was started in
1999, and the first results were reported at this Conference.

Unfortunately, on April 24, less than a month before the beginning of ICCFS8,
Giuliano Preparata died, leaving a sad void in our Group, in the world of CF, and in
science. We decided that we would memorialize him in this Conference, dedicating to
his memory the very beginning of the meeting. On Monday, May 22, after a brief
introduction by me, Martin Fleischmann gave a speech in his memory. The reader will
find both texts in the Proceedings.

In organizing ICCF8 I benefited from the expert advice of the IAC, which helped me
take the difficult decision to delay the Conference by half a year. When the real work
started, I could not have succeeded, without the efficient and intelligent contributions
of Dr. Antonella De Ninno. Becoming the head of the Secretariat, she set up and
directed a wonderful team, and all together we worked out all the stages of the
Conference, from the decision about where to hold it to the editing of the Proceedings.
Last, but not least, I wish to recall here the very important contributions of the
Scientific Program Committee (SPC): initially a small group of Italian colleagues, it
was then enlarged, substantially doubled, by representatives of other countries, in order
to help take decisions on the program of the Conference, on its format, and on the
publication of the Proceedings.
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2b. About criteria

The experience accumulated from the past conferences prompted us to have a single
session and to divide the contributions into orals and posters. We decided also to
repeat once more the well tested technique of the “poster presentation sessions”,
preceding the poster discussion sessions: for each poster there would be a three-minute
oral presentation, the whole session lasting one hour. We did not have invited talks,
and divided the oral presentations into longer ones, the majority (35 minutes, including
discussion), and shorter ones (25 minutes, including discussion). We had a total of 26
oral presentations and 51 posters, out of 110 abstracts presented. These criteria were
founded on the awareness that, in spite of the eleven years that have passed, this
discipline is still young, and it is important to do our best to allow the maximum
possible number of participants to communicate the results of their research work.

Knowing that ICCF8 would take place at the end of May at an appealing sea-side
site, we decided that we would leave the participant free time to enjoy the place: thus,
we concentrated all the oral presentations in the four mornings, Monday to Thursday,
from 9 a.m. to 1 p.m.. Then the participants were free for three hours. The afternoon
sessions, for three days (we left the Wednesday afternoon free) started at 4 p.m. with
the poster presentation session, and continued up to 7 p.m. with the poster discussion.
We had three social gatherings: on Sunday afternoon we had a get-together party, on
Wednesday evening we had the social dinner, and on Friday 26, after a session on
“conclusions”, we had a brunch offered to all participants and to their companions.

2c. Attendance

There were 145 participants in the Conference: 41 from Italy, 40 from USA, 24 from
Japan, 12 from Russia, and smaller numbers from 14 other countries. We succeeded in
helping colleagues who had financial difficulties plus a number of students (a total of
more than 20 persons), by waiving the Conference fee, by providing free lodging in
Lerici during the Conference, and, in a few cases, we also paid travel expenses.

2d. The scientific outcome

Here, of course, I am expressing my own point of view, for which I take full
responsibility. I think that the picture of CF that I described briefly at the beginning of
this foreword has been substantially confirmed, but there have also been many
important new results, and I would have difficulty in quoting all of them. Let me just
mention a few items that, in my opinion, deserve to be emphasized:

- There have been quite convincing confirmations, at least three, of the detection of
*He, understood to be a nuclear ash, in experiments with palladium and deuterium,
obtained with different experimental procedures. In some cases the correlation with
the heat produced gives support to the figure of 24 MeV per atom as a
consequence of a D+D reaction. There was also an interesting evidence of *He
production. The presence of these nuclei is the indubitable signature of a nuclear
reaction.
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- We had the first presentation of the effect proposed by Giuliano Preparata with the
name of Cohen-Aharonov effect, which it has been proposed to rename as the
Preparata effect. There was also the first experimental evidence of this effect. This
effect could represent a shortcut to most of the material science problems, with the
aim of achieving high loading ratios in palladium.

- There were many reports on problems of material science, most of them worked
with very advanced techniques and with a sound scientific approach.

But there was such a variety of different experiments and fascinating theories that I

would have difficulty in quoting them here. The Conference was quite lively, with

interesting discussions.

Given these observations of the state of the art of this discipline, and the indubitable
progress that has been achieved in these eleven years, I am still astonished by the lack
of communication between the CF world and the “official” scientific community. This
is also witnessed by the absence of research on CF in most of the European Countries
and by the ostracism to CF publications in most prestigious scientific journals (we are
very grateful to "Il Nuovo Cimento” for its open position in all these years, witnessed
once more by the decision to publish these Proceedings). In my opinion, there is no
doubt that we are facing a subject of enormous scientific interest: it can no longer be
denied that there are many different kinds of nuclear reactions that take place at
substantially low energies, and that this implies the existence of collective and coherent
interactions among the participants in the events under study. Following Preparata’s
suggestion, one can envisage a totally new way of looking at most of the problems of
condensed matter. This should stimulate the “curiosity” of all scientists: physicists,
chemists, biologists, and engineers. .

Another stimulating aspect is the hope that CF could lead to the solution of the very
serious problems that mankind is facing concerning the production of energy. I have no
doubts that we are producing particularly “clean” nuclear energy, without nuclear
emissions and wastes. On the question of practical energy sources, my opinion
diverges from that of many enthusiastic supporters of CF. As I said before, 1 am
convinced that much research has still to be performed in order to better understand
the physics at the basis of CF. Considering practical applications will become more and
more sensible as we progress in this kind of understanding, and thus it is too early to
foresee important practical applications. But, even if there is no certainty that we will
succeed in this task, it seems to me that the target is so important that the scientific
community should feel the duty of working at it, and this is my invitation to all those
who will read this foreword.

4. THESE PROCEEDINGS

On 24th and 25th of February this year at the ENEA Center at Frascati there was a
meeting of the (extended) SPC, mostly dedicated to examining the 110 abstracts
submitted for presentations at ICCF8. We decided which would be the 77
presentations accepted, and their distribution between oral (long and short) and poster
presentations. We discussed the program of the conference and its format. Finally, we
discussed the procedure for the publication of the Proceedings. The first decision was
to shift the deadline for the presentation of the manuscripts from the date of the
Conference to the end of June: it was stressed that in a Conference the authors should
be allowed to take inspiration from what they learned during the Conference, if this can
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help them to produce more up to date and more critically conceived manuscripts. The
other important decision concerned refereeing the manuscripts before accepting them
for publication. Here a compromise was necessary, to assure good quality manuscripts
but still bring out the Proceedings promptly. It was decided that every manuscript
would be submitted to one referee, and that there would be only one interaction
between referee and author. Thus, the procedure would consist in sending the
manuscript to the referee, obtaining comments, transmitting the comments to the
author; and if the referee required a revision of the manuscript, a second version would
in turn be sent to the referee, who would give a definitive “yes” or “no” to the
publication. In case of controversy, the final decision was left to the editor, i.e., to me.
We would use e-mail communication wherever possible. It worked rather well on the
average. But I did not succeed in sending the final manuscripts to the publisher before
the end of September, as promised in the program. I had to have a one-month delay.

Most of the manuscripts were properly prepared and respected the length limit of 6
pages that we had asked to the authors. However, some were presented with an
excessive number of pages. There were also some papers that were presented using a
quite poor English, and sometimes the logic of the presentation itself needed to be
improved. For each of these cases we asked the authors for a correction: in some cases
we succeeded, in some others not. As far as the length is concerned, I decided to
accept the papers that exceeded the six pages in the second version (I want to make
clear that the paper by Martin Fleischmann was accepted in a version 15 pages long for
intrinsical reasons: without all the figures included, he could not have presented his
arguments). For the persistent poor presentation of some papers I decided to adopt
another “compromise” between pursuing a most thorough and complete diffusion of
the information presented at the Conference, and satisfying the quest for a rapid
publication of its Proceedings. Thus, in those occasions in which I had not succeeded
in obtaining a clear version of the paper in English, and the final decision on its
publication was demanded of me, I decided to adopt the following criterion. Let me
forget about good English and ability in presenting a scientific paper. I'll just ask the
following question: after reading the manuscript, more than once if necessary, do I
succeed in understanding what the author is trying to communicate? If the answer is
yes, and what the author is communicating is scientifically sound, then I will accept the
paper for publication. This happened in a few cases, and I hope that the reader of these
Proceedings will forgive me: I thought that the most important issue was to have the
information as complete as possible.

In editing the Proceedings I had to decide whether to divide it into categories
(chapters), to make it easier to consult. We had not tried to make separate sessions in
the Conference on purpose, both because many papers touch different aspects of CF
research, and because we thought that a certain variety within a session was
recommendable. The former feature occurs also in the editing of manuscripts. In spite
of all these considerations, I decided to divide the papers into the seven categories that
the reader will find, trying to evaluate in those papers referring to different items which
was the most meaningful one. Also here I ask for the clemency of the reader for any
mistake that I might have made.
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5. ICCF9

On Wednesday May 24 there was a meeting of the IAC. The most important item of
the agenda was the decision to be taken for next Conference, ICCF9. It was
unanimously decided that next Conference will be held in China, presumably in Bejiing
in the Spring of 2002: Prof. Li, Xing Zhong, will be its Chairman. This decision was
announced to the participants in the Conference both during the dinner party and at the
session on conclusions on Friday 26, where Prof. Li gave a short speech in accepting
the nomination.
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IN MEMORY OF GIULIANO PREPARATA

Giuliano Preparata died on April 24 in Frascati, and we felt that we had to remember
him in this Conference for his important contributions to cold fusion. This is only a
brief introduction to the speech in memory of Giuliano that will be presented by Martin
Fleischmann, who had been in close touch with him in recent years.

Giuliano became interested in cold fusion immediately after the initial announcement
of Fleischmann and Pons in March 1989. I like to remember a paper, written by
Giuliano together with Tullio Bressani and Emilio Del Giudice, called “First steps
toward an understanding of cold nuclear fusion”. The date of appearance on “II
Nuovo Cimento — Note Brevi” is May 1989, and it was received on April 26, 1989.
Thus, it was written just a month after the announcement. The important aspect to
note is that in this work an original way of looking at the phenomenon was pointed
out, consisting in the claim that a coherent and collective interaction among the
deuterons, palladiums, and electrons was required to explain the results of the
experiments. Shortly afterwards Giuliano Preparata foresaw two features that in these
eleven years have been more and more evident. The first feature is the fact that a
phenomenon like cold fusion in the palladium lattice could take place only if a
threshold in the density of the absorbed deuterium was reached: the value that he
evaluated was one deuterium atom per palladium atom. The second was that the
outcome of the fusion reaction, differently from what happens in well known high
energy D+D fusion reactions, would not be preferably neutrons, or tritium, or other
energetic particles, but just *He, and the excess energy would be transformed into heat.

Giuliano was very active all these years. In particular, the second international
Conference on cold fusion was held in Como, at the end of June — beginning of July
1991, and Giuliano, Emilio Del Giudice and Tullio Bressani were the Chairmen. I
remember that Conference as the most fruitful in the brief history of Cold Fusion. In
fact, in that Conference two important new pieces of evidence were presented: one by
Mike McKubre , who found that a threshold was necessary in order to obtain heat
excess in his electrolysis experiments (around D/Pd = 0.9), and the evidence by Melvin
Miles that ‘He could be found and could be correlated with the heat measured. So, the
two things that Giuliano had foreseen so early were presented in Como. As you well
know, the uncertain reproducibility of these experiments has made it difficult to
confirm these results, but in the nine years that have passed since then, in which
Giuliano and I have participated in this adventure, we have seen growing evidence of
these two facts.

I want to recall what Giuliano did at ENEA. As I said earlier, he died in Frascati; he
was in Frascati because he proposed in 1998 the start of a new program, and he was
strong enough to convince politicians and research managers to start a serious program
and to have it funded by the Italian Government And in fact this program has been
started in Frascati mostly because of Giuliano Preparata. He took a sabbatical year
from the University of Milan, where he was a Professor, and came to Frascati, and he
rented a house, the house in which he died. He spent last year in Frascati being
extremely active, encouraging the people in the laboratory. It is easy to perceive the
effect of his activism: life in the laboratory has changed since Giuliano came. He also
participated in the February two-day meeting of the Science Program Committee: he
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was not well, but nevertheless he wanted to participate. He was extremely active, with
his intelligent criticism, pointing out faults of the abstracts that he examined: his
contribution was very important in making the proper choices for this Conference, and
I am very grateful to him for his help.

Let me finish by recalling that Giuliano was not only a dedicated researcher in cold
fusion. He was a great scientist. He has shed light in many fields of Physics, and also
outside of Physics. It is a pity that he is no longer with us: I think that we must look to
his memory for guidance on the future of science in general, and of cold fusion in
particular.

Franco Scaramuzzi
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GIULIANO PREPARATA: AN APPRECIATION.

M. Fleischmann, EN.E.A. C.R,, Frascati, via E. Fermi, 45,
00044 Frascati (Rome), Italy.

Ladies and Gentlemen and, especially Emilia who is with us today: [ really feel quite
unequal to this task and, as Franco has said, we are remembering Giuliano especially
because of his contributions to the subject which will be the theme of this meeting.
However, we should also recall that Giuliano’s initial work was in the fields of Nuclear
and Particle Physics, Fig I. One of the problems with which he was especially concerned
was the extremely difficult question of why leptons are free whereas quarks are confined
(quarks which are the constituents of hadrons). He sought the answer to this problem in
the behaviour of the quantum fluctuations which, under certain conditions, form a giant
coherent field which confines the quarks. The conundrum of why we cannot obtain free
quarks, which has puzzled scientists so intensely, was thereby explained.

I believe that the outcome of Giuliano’s early research demonstrated one of his key
characteristics namely, that if he thought one line of argument was correct, then he would
insist on its validity irrespective of heated arguments to the contrary trying to persuade
both him and the Scientific Community at large that he was wrong.

In due course Giuliano’s thoughts - and those of Emilio Del Giudice (who is with us today)
- turned towards the behaviour of ordinary matter. Of course, there is an analogy between
these two research areas because a coherent electromagnetic field establishes the ground
state so that we must certainly think about the behaviour of “ordinary matter” in terms of
field theory: field theory is not an esoteric subject to be confined to Particle and Nuclear
Physics (1). It is equally important in modelling the behaviour of “ordinary matter” and it
will probably be found that it is most important of all in Biology.

It is these lines of reasoning which were responsible for the reinforcement and extension of
our contacts because 1 too had been thinking about related problems. I do not want this
short presentation to deal with matters with which I had been occupied but it is perhaps
somewhat inevitable that I should pay some attention to these topics because they were
central to our points of contact. The series of questions which I had started to pose in the
1960’s can be summarised by the general question: is it possible to devise electrochemical
experiments which demonstrate the need to explain the behaviour of ordinary matter in
terms of Quantum Electrodynamics, Fig 27" 1 will return to this Figure in due course. Of
course, it is the high sensitivity as well as the high time and spatial resolution of
electrochemical methodology which makes such a question meaningful

The importance of this aspect lies in the fact that there were only four people known to me

who realised that the work which we had started on Cold Fusion had to be part of a wider
programme. Giuliano was pre-eminently one of these and the other three are present in
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the audience - however, [ will not embarrass them by giving their names. One of the
topics which came up repeatedly in our discussions which is relevant to part of the work
which we want to carry out in Frascati is the well-worn theme of the behaviour of ions in
solution . As you will know, the accepted model is that of the Debye-Huckel Theory,
where we postulate that a central ion is surrounded by an ionic atmosphere controlled by
the electrostatic interaction of the ions. This model was proposed in the 1920°s but I would
doubt whether Debye would have used this particular model if he had tackled the problem
in the 1960,s. We have to bear in mind that we do not have static ions surrounded by static
ionic atmospheres because the ions execute Brownian motions, Fig 4. Such random
motions must lead to radiation so that the model, Fig 3, can only apply at absolute zero
which is an uninteresting limit because we cannot have an ionic solution at this
temperature. The model violates the principle of Microscopic Reversibility (i.e. the
Second Law of Thermodynamics) at any finite temperature so that we must conclude that
it has been formulated within an inapplicable paradigm.

At the time at which I first considered such problems (the 1960,s) I only knew one
Theoretical Physicist interested in Quantum Field Theory and his comment was: “well, it
is quite obvious, you have to think about this problem in terms of Quantum
Electrodynamics” and 1 replied “Quite so, but how?” I only knew how to tackle a part of
the problem so I put the whole matter aside until, in due course, Giuliano, Emilio Del
Giudice and I started to discuss this topic once again. They had taken the essential step in
1995 (2) and said: “it is quite obvious that if you have a coherent electromagnetic field, the
solvent (in this case water) will divide into coherent and incoherent domains”. This is
illustrated in Fig 5; models of this kind were very popular in the 19th Century but went out
of fashion when Bernal and Fowler showed that you cannot have two sorts of liquids
within the context of Quantum Mechanics because the molecules are indistinguishable:
there can be only one type of solvent. So here there is one of the big questions namely,
while this is true within the framework of Quantum Mechanics, it is not true within the
framework of Quantum Electrodynamics which tell us that the model in Fig 5 is entirely
feasible. This dichotomy is an interesting illustration of the influence of paradigms on
scientific research; we have believed in models of uniform liquids for most of the last
century (with the singular and highly significant exception of liquid "4 He) whereas we
know that the properties of liquids are interpreted much better in terms of two-phase
models. Such two-phase models were abandoned because they are not consistent with
Quantum Mechanics whereas the real point at issue has been the question of the validity of
this paradigm in the modelling of liquids.

We realised that if there are coherent and incoherent domains of the solvent, then
electrolytes will be confined in the incoherent domains where they will themselves be in a
coherent state. This model does actually give a much better interpretation of the properties
of electrolyte solutions than does the Debye-Huckel Theory (3). 1 do not want to labour
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this point here: my purpose in raising it is because it has been Giuliano’s intention that
the programme in Frascati should be much wider than that of “Cold Fusion” alone: one of
the topics which we intend to investigate is that of the influence of weak alternating
magnetic and electric fields on the conductance of ions in solution , Fig 7. There is now
hardly any work on conductance because it is believed that everything in this field is now
well-known and well-established. However, the situation is rather similar to that of the
Boston Learning Curves: whenever a field becomes unpopular, you can be pretty sure that
there is a great deal more waiting to be discovered by changing the methodology
(laughter). In fact Fig 7 is based on the approach of Zhadin (e.g. see (4)) and perhaps our
Russian colleagues here can tell us more about this subject.

The outline in the preceding paragraph is really somewhat back-to-front because it has
been realised for a long time that weak electric and magnetic fields have an enormous
influence on biological processes. However, because the Theoretical Physicists cannot
think why this should be so, it is believed that the effects must be wrong (laughter). Now,
of course, this cannot be true. I see that I am producing some laughter in the audience and
I think that Giuliano would have appreciated this and, also, that he would have liked us to
take a forward looking view of the subject. What is wrong, of course, is that our model of
the world is wrong. If the ions in solution are in a coherent domain, then they behave as
though they have a much bigger mass than that of the single ionic species. They can
therefore tune into very weak alternating electric and magnetic fields (5). The work of
Zhadin et. al will be a starting point for research in Frascati which will also cover several
other related projects. I do not believe that this work will make us many friends!

We should note here that there is currently work on the influence of strong magnetic fields
on transport processes in which case we observe incoherent scattering (fields in the region
of 1 T). The question of the consequences of coherent scattering (fields in the region of
1 nT) leads us into a very wide area in Biology and Physical Chemistry (indeed, Chemistry
in general).

I have often wondered why it was that Giuliano’s interpretations have raised such intense
opposition. It seems to me that this was due to his general approach. He said : let us take
an experiment (or a series of observations) and, instead of interpreting it according to the
left-hand-side of Fig 9, using the Classical Paradigm to set up a model, let us set up a
model within the Quantum Electrodynamic Paradigm and see whether we get a better
interpretation (indeed, whether this can explain results otherwise inexplicable). The
problem with this approach is that it leads to criticisms both of the model as well as of the
way in which the Quantum Electrodynamic Paradigm has been set up in the first place. ]
believe that Giuliano suffered greatly on both scores because the normal view in Quantum
Theory is that the Quantum Electrodynamic Paradigm emerges somehow from Quantum
Mechanics, Fig 8. Now Giuliano and Emilio believe that there is really only one paradigm
in Nature and that is Quantum Electrodynamics (a view which I share). Classical
Mechanics may sometimes be an adequate description while Quantum Mechanics can also
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be used in some situations. However Quantum Mechanics is somewhat isolated from the
other paradigms, Fig 9.

Giuliano followed the approach you would have expected from a Mathematical Physicist
seeking interpretations in terms of a mathematically complete theory, Fig 10, an approach
which can (but should not!) lead to the type of opposition I have referred to. It is relevant
perhaps that I side stepped issues of this kind by concentrating instead on falsifications of
paradigms e.g. by using violations of the Second Law of Thermodynamics, Fig 10 and Fig
4. In any event, we based our work on “Hidden Agendas”, Fig 11, in which the need to
invoke Quantum Electrodynamics was disguised, the aim being to give a general
discussion of such topics at a later date. This approach served us very well up to the
premature publicity which surrounded the work on “Cold Fusion”.

As I have already said, Giuliano questioned me closely about our work, discussions which
were very profitable because we did not have to talk at length about any one project.
Giuliano simple said: “hm, yes, next topic” though on occasion he would say “how would
you tackle this problem?” These topics were all illustrations of the first six items in Fig 2.
However in due course I realised that there was one missing element namely, the direct
study of the effects of perturbations of the energy in many-body systems. One can ask:
how can it be that biological and chemical systems (I think certain classes of physical
systems also) can manipulate small energy quantities so well? The answer of course is that
this is incomprehensible except as part of a many-body problem (e.g. see the short
description of the effects of weak magnetic and electric fields on the conductance which I
have already outlined). In due course Stan Pons and I said: we have the means for one
further investigation so let us see whether we can induce nuclear processes in a lattice at
low temperatures. So that is why we are here at this Meeting!

Giuliano and Emilio latched on to this project immediately and came to Salt Lake City
where Giuliano was going to give a seminar on the underlying theory applicable to “Cold
Fusion”. Inevitably, Stan Pons and I were very busy and | recall putting the brutal question
to Giuliano: ( we had had a large number of seminars on the topic all based on the
Quantum Mechanical Paradigm which predictably led to the conclusion that “Cold Fusion”
was impossible in the absence of special assumption, examples of attempts to save the
paradigm) “Professor Preparata (I did not know him that well then) are you going to
discuss this problem in terms of Quantum Field Theory?” He replied: “Of course”, so 1
said: “In that case I will come to your lecture”. It was illuminating. My wife is here and
if you ask her about that day she will tell you that I said: “I have met a man who says
exactly what I say. Either we are both crazy or we are both right” (laughter). I also said to
Giuliano: “There is this absolutely amazing experiment carried out in 1929 which has
since then been totally messed up (expletives deleted) and this is this work of Alfred
Coehn on the electrodiffusion of hydrogen in Pd wires”, see Fig 12 (6). I have spoken
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about this before but I would like to ram this down your throats once again because it does
lead on to the work in Frascati which Emilio Del Giudice will outline at this meeting. (7)
If you deposit hydrogen electrolytically in the central part of the wire and then apply an
electric field along this wire, you find that hydrogen moves more rapidly to the negative
end and less rapidly to the positive end than by diffusion alone. Fig. 13 is one of Alfred
Cochn’s original results. If the polarity is reversed, then one can detect the reversal of the
additional motion. This was an absolutely beautiful experiment and the great Walther
Nernst congratulated Coehn on the execution of this work. Nernst was not a person to
congratulate anybody (laughter). 1 often describe this experiment as opening the way for
some of the ultimate experiments in Physics.

The mobility of the hydrogen followed the Nernst-Einstein relation so that hydrogen had to
be present as protons. What is so amazing about these results (and, perhaps, Alfred Coehn
did not realize just how amazing they were ) is that hydrogen (of deuterium for that matter)
is extremely strongly bound in the lattice as can be shown by a Born-Haber cycle. Fig 14
(8). We therefore arrive at a conundrum: how can one have extremely strongly bound
hydrogen or deuterium ions in the lattice while at the same time they are free to move? It
seems to me that this conundrum can only be resolved within the framework of Quantum
Electrodynamics (this is an example of the use of consistencies / inconsistencies to judge
the applicability / inapplicability of paradigms, see Fig 10).

What Giuliano realised immediately was that this provided a means of confining
deuterium in the lattice (by analogy to the Boehm-Aharonov effect) so that we can create
an extended coherent system (the v-phase) in an high state of charge and thereby induce an
high rate of fusion (8). Giuliano and Emilio initially in Milan and then also with
Antonella De Ninno in Frascati have achieved in a fairly routine way sustained specific
rates of excess enthalpy production in the ~ 10kWem” -3 range and, sometimes, rates as
high as ~100kWem” -3 . This is of course much higher than can be achieved in the
systems which Stan Pons and [ initially investigated.

I want to close with a personal appreciation of Giuliano. For me it would be wrong to
describe him as a man in a million. I think it would be even wrong to describe him as a
man in an hundred million. For me he was a man who, with his breadth of vision which
latterly extended from cosmology to biology (and which is so necessary in the
development of science), who is only found once in a lifetime, perhaps only once in
several lifetimes. I am sure that his work will be increasingly appreciated and I am just
deeply saddened that he has not lived to witness this himself.

So let us remember Giuliano and let us move forward to this next phase of work in the
Natural Sciences. Thinking about Giuliano let us recall that he said that when people
maintain that everything is known, then you can be sure that nothing is known. All we can
do is to move on to the next phase.
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Fig 1 Some of the problems which were central to Giuliano Preparata’s research.
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Introduction

Numerous observations have been made of apparent anomalies in carefully
performed experimental studies of D/Pd and H/Pd systems. Such anomalies include:
prompt emission of electrons and charged particles; unexplained heat in excess of known
input sources; the residual presence of light elements (notably *H, *He and ‘He); the
possible occurrence of isotope anomalies in higher mass elements (including the host
metal); unusual electrical conductance effects both stable and transient (not discussed in
this paper). The features that unify these apparently disparate observations are the
common elements of the needed experimental stimuli, and the requirement for extended
lattice coherent processes in any obvious explanation.

Presented in this paper are the results of four experiments conducted using
palladium structures loaded with hydrogen or deuterium by gas and electrolytic means.
The purpose was to evaluate possible evidence for d-d fusion reactions in lattice
structures, in the temperature range 25-250°C. Primary evidence sought and evaluated
were the appearance of anomalous excess heat accompanied by the production of light
isotopes: *He and *He.

Description
Experiments were performed in four basic geometries:

1) Open cell electrolysis of D,O at Pd and Pd-alloy wire cathodes using an
accurate integral boundary Seebeck calorimetry.! These experiments were
designed to replicate earlier observations of Miles et. al.? of the correlated
appearance of excess heat and helium in glass cells. The experiments at SRI
were performed in rigorously metal sealed cells incorporating active exclusion
of *He to increase the measurement sensitivity and accuracy.

2) Loading of D, and H; into Pd on carbon supported catalyst using modest gas
pressures (1-3 Atm.) and temperatures (170°-250°C). These experiments were
designed to test the claim by Case” to observe excess temperature and
increasing *He levels under similar conditions. Experiments at SRI were
performed in sealed Nupro® 50 cc stainless steel vessels connected to a steel
manifold. Periodic measurements of *He were made by direct connection to an
Extrel® mass spectrometer capable of resolving the mass-4 peaks of D, and *He.
Using information recorded from temperature sensors placed inside and outside
active and reference gas cells it was possible to obtain heat-flow calorimetric
information at times when the catalyst bed temperature rise was significant.

3) Closed cell electrolytic loading of D into Pd wire cathodes in a rigorously
metal-sealed apparatus using highly accurate mass flow calorimetry." These



4)

experiments were intended to replicate earlier results of excess heat
measurement at SRI in thermodynamically closed electrolytic loading cells, for
which ambient exclusion of *He was not possible.*”

Closed cell electrolytic loading of D (and H) into hollow Pd cathodes sealed to
contain small dimension Pd-black powders. These experiments were performed
to replicate published results by Arata and Zhang in which excess heat, *He and
3He, were found to be associated with the electrolysis of such “double
structured” cathodes® in D,0, but not in H,O. In experiments performed at SRI

accurate mass flow calorimetry® was used to evaluate and compare the heat
production of double structured cathodes electrolyzed in D,0 and H,O in
otherwise identical cells. The contents of the cathode void volumes were
subjected to retrospective analysis for light isotopes.

Results

Figure 1 presents the results of concurrent excess power and helium
measurements performed during open cell electrolysis using two different Pd and Pd-
alloy cathodes. In three instances where excess power was measured at statistically
significant levels, “He also was found to be conveyed out of the cell in the electrolysis
gases (D, + O,). The solid line in Figure 1 plots the regression fit of these data to a line

passing through the origin; the dashed line is that expected for *He generation according
to the reaction;

d+d — *He + 23.82 MeV (lattice) (1]
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Figure 1| Correlation between rates of Heat and “He production in Seebeck Calorimeter.



It is clear from the slopes of these two lines that the observed ‘He constitutes only
76 + 30% of the *He predicted by equation [1]. A more significant problem in Figure 1 is
that three further *He samples, taken at times of non-zero excess power (open diamonds),
exhibited helium concentrations only at the level of the analytical uncertainty, as did
numerous samples taken in the apparent absence of excess power production. Clearly if
*He is produced in association with excess power, it is not released to the gas phase
immediately, or completely.

Experiments in category “2” in which Pd on C catalyst materials were exposed to
D, and H; gases for prolonged periods, exhibited a range of behaviors. Figure 2
summarizes 6 of 16 results obtained in paired cells.
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Figure 2 Helium increase in sealed cells containing Pd on C catalyst and D, (H,) gas.

Using direct, on-line, high-resolution mass spectrometric measurement of [*He] we
observed the following behaviors:
(i) cells that show no increase of *He over long periods of time (including all cells
operated with H; instead of D,);
(ii) cells that exhibit a slow, approximately exponential increase in [*He] with time;
(iif) cells that display no measurable increase in [*He] for a period of several days,
followed by a rapid, approximately linear rise in [*He] to levels sometimes
exceeding that of the ambient background.

Using data from temperature sensors placed in the catalyst and gas phases, and
situated in the room, we are able to make heat flow estimates in one of two ways:



a) a Gradient method, based on the relationship between the temperature
difference between catalyst bed and confined gas, and the heater input power;

b) a Differential method, based on the temperature differences between active
and reference catalyst bed sensors, and room temperature, as a function of the
relative input heater powers.

The energy estimated in excess of that provided by the heater for these two
calorimetric methods is plotted in Figure 3, together with the measured helium
concentration during the time of greatest derivative, 9[*He]/ ot in experiment SC2. It is
clear that the appearance of excess heat and the apparent increase in [*He] are temporally
correlated.
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Figure 3 Correlation of Heat and Helium Production in D2 Gas Cell.

In an attempt to establish a quantitative correlation, Figure 4 plots the two
calorimetric estimates of excess heat production interpolated from Figure 3, versus the
measured increase in [*He] (the value plotted in Figure 3 minus the *He initially present
in the D, gas). Regression lines through these data incorporating the origin have slopes:
Q=31 13 and 32 + 13 MeV per *He atom, respectively, for the gradient and differential
calorimetric methods. Although these Q values include tha. of reaction [1] within their
assigned uncertainties, the mean values for the *He presented directly to the gas phase for
analysis is only ~75% of that predicted by equation [1].
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Figure 4 Estimated Energy versus Helium Increase.

Clarification of a possible origin for the apparent *“He deficit in experiments “1”
and “2” can be obtained from the results of experiment “3”. Approximately 82 kJ of
excess heat was measured in the electrolysis of a 100 mm x 1mm Pd wire cathode in
D,0. This experiment was performed in a rigorously metal sealed and helium leak-tested
cell and apparatus provided with the facility to sample the gas in the headspace. When
initially analyzed following a period of excess power production, the gas phase contained
only 62% of the *He expected if reaction [1] were the source of the excess heat. A
second sample showed an increase in [*He] despite the fact that the helium content of the
vessel had been diluted with D, containing low levels of 4He, in order to make up the
initial gas volume after the first gas sample. Taking these increases as evidence of
sequestered *He, the cathode was subjected to an extended period (~200 hours) of
compositional and temperature cycling by varying the current density in both anodic and
cathodic directions.

A mass balance of “He was calculated based on two further gas samples: one to
determine the helium content of the D, gas used initially to fill and refill the sealed metal
cell (0.34 £ 0.007 ppmV); the other to measure the final helium concentration in the gas
phase after exercising the cathode to release trapped gases (2.08 £ 0.01 ppmV). Taking
into account the amounts lost by sampling, and introduced with make-up D, a calculated
mass balance for *He in the gas phase after compositional and thermal cycling of the



cathode results in a number that is 104 £ 10% of the number of atoms quantitatively
correlated with the observed heat via reaction [1].

The results of experiment “4” generally confirm those published earlier by Arata
and Zhang of the appearance of excess heat in the electrolysis of “double structured”
palladium cathodes® in D,O, but not in HO. Figure 5 plots the calorimetric results of
cathodically exercising two nominally identical cathodes in intentionally similar cells,
one in 0.1M LiOD and the other in 0.1 M LiOH. In the same range of input powers, the
heavy water cells yields clearly more output heat (plotted as excess power) than does the
light water cell.
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Figure 5 Excess Power versus Input Power measured for Arata-Zhang Double
Structured Cathodes using Mass Flow Calorimetry.

The maximum excess power observed in D,O was 9.9 + 1.3% of the measured
power input, with the average value being approximately half the maximum. The
measured power excess exceeded the experimental uncertainty (1-2%) for a period of ~86
days to produce an integrated energy excess of 64 + 6 MJ for the D,O cell. For the H,O
cell in the same period of time the measured energy excess was —1 + 6 MJ.

At the conclusion of the experiment, both cathodes were removed and placed
successively in a sealed chamber where they were punctured mechanically, and the gas
contents of the cathode void volumes were extracted for analysis’. The Pd black powders
also were removed and the Pd metal walls of the hollow cathodes were sectioned for
analysis.



Significant amounts of tritium and *He from the decay of tritium were found
inside the double structured volume of the cathode electrolyzed in heavy water. Small
amounts of *He were attributed to atmospheric contamination. Detailed results are
presented by Clarke et al®.

Conclusions

There exists a strong time correlation between the rates of heat and helium
production measured using on-line high-resolution mass spectrometry. In experiments
performed using three different metal sealed cells, three different calorimetric methods,
by electrochemical and gas loading means and with *He analyses made at three different
institutional laboratories, there is observed a quantitative or near-quantitative correlation
between heat and “He production consistent with the reaction:

d+d — *He + 24 MeV (lattice)

Evidence for near-surface retention of *He in the lattice can be used to accommodate the
discrepancy between measured and expected yields of *He.

Evidence was obtained for excess heat production in the electrolysis of DO using
“double structured” cathodes, supporting original claims by Arata and Zhang®.
Associated with this result, although not quantitatively correlated to it, is the production
of a significant amount of tritium and *He from the decay of tritium within the cathode
void volume, suggesting the presence of a second nuclear reaction.
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Abstract: We observed a new phenomena that enormous amount of deuterium/hydrogen can be
absorbed quickly as a movable “solute-atom” into fine metal powders embedded inside a double-
structure (DS) cathode in the electrolyses of D,0 and H,O-electrolytes, but such highly deuterated
powders can be produced only by using DS-cathode immersed in D,0-electrolyte; [DS-D,0], and never
generated in H,O-electrolyte even using the DS-cathode; [DS-H,0].

On the other hand, [Bulk-D,0] with bulk-cathode made by bulk Pd metal never produces highly
deuterated metal as mentioned above even though using D,O-electrolyte. In short, the deuterium-
concentration generated in [Bulk-D,0] is found to be much lower than that in [DS-D,0]. As a result,
because of the reason mentioned above, neither excess heat nor *He production are observed with both
[DS-H,0] and [Bulk-D,0] in marked contrast to the case with the [DS-D,0].

1.Introduction

In order to continuously produce “solid-state nuclear fusion”, it is extremely important that the
density of deuteriums which must exist as a “solid-solution” in Pd metal, should be higher than that of
its “host metal”. Such high concentration of deuterium (or hydrogen) has, however, not been realized
yet. This 1s because the deuterium concentration in a normal bulk-solid is essentially based only on
“diffusion-effect”, so that it merely reaches the thermal equilibrium state with extremely slow speed.
Thus, although it is necessary to realize a deuterium concentration much more than 100% (for instance,
D*=[D/Pd] 2 250%), which is named Ultra High Concentration Condition (UHC-condition), it is
impossible apparently to realize each condition by normal diffusion-effect in a host bulk solid as a solid-
solution.

It is well-known that all researchers including Fleischmann and Pons" have used “Bulk-cathodes”
made by bulk-solid. Thus, with such a Bulk-cathode, we cannot expect continuous reaction of the
“solid-state nuclear fusion”.

In contrast, by utilizing “atom cluster-effect”, “spillover-effect” and “Sieverts-Law” stated in Fig. 1,
we have made it possible to make the deuterium concentration of UHC-condition (UHC-deuterium) for
all over the host-metal.

To realize the UHC-deuterium, the authors developed the Double Structure Cathode (DS-cathode)?
whose principle is shown in Fig.1. That consists of both an “mnner-cathode” (Pd-black) and an “outer-
cathode” (Pd-vessel). Pd-black used is extremely fine powder of the nano-scale, which 1s called “nano-
particle” and/or “atom-cluster”®, and kept in vacuum inside the Pd-vessel.

Compared with the “Bulk-cathode”, the DS-cathode provides excellent functions as demonstrated in
Fig. 1. These functions are called “DS-function”. As a result, the “DS-function” of the DS-cathode
provides the capability to generate a tremendous amount of excess energy within highly deuterated solid,
while with the “Bulk-cathode” it 1s impossible at all to realize the “DS-function”.

In order to make clear the essential conditions for generating the deuterium nuclear reaction in a
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solid, we performed the following three kinds of experiments.
a)-Experiment: Comparison of the “reaction products” between electrolytes of D,0 and H,O using
the same DS-cathode ([DS-D,0] and [DS-H,0]).
b) —Experiment: Comparison of the “reaction products” between DS-cathode and Bulk-cathode
using the same conditions in size, current and D,0-electrolyte ([DS-D,0] and [Bulk-D,0]).
¢) —Experiment: Controlling system to supply a constant output of the excess energy using [DS-
D,0].

2.Experiment

a)-Experiment using [DS-D,0] and [DS-H,0] cells>*

In order to make clear the difference in the reaction energy generated in both [DS-D,0] and [DS-
H,0], both cells, each of which is composed with the same DS-cathode, we connected it in series as
shown in Fig.2. In this case, electrolytic current and its density passing through both cathodes are the
same. Furthermore, because of using the identical DS-cathode in each cell, pure deuterium and pure
hydrogen can be filled up essentially by the “DS-Function” to an extremely high pressure over several
thousand atmosphere within the DS-cathode in each cell, respectively, during electrolysis over long
hours. By this experiment, we have obtained many interesting data as shown in Fig.3, 4 and 5, etc., and
more detailed information has been published in Refs.2 and 3.

These experimental results provide the following facts:

1) Tremendous reaction energy generates within the DS-cathode in [DS-D,0], but no energy is
produced in [DS-H,0] when the chemical reaction energy is subtracted in each cell. “Deuterons-
reaction” is created in large quantities within highly deuterated solid, but “hydrogen-reaction” is
never created within highly hydrogenated solid.

2) The Pd powders, which generated much of the excess energy in the [DS-D,0], produced a
substantial amount of “He as the reaction product. On the contrary, there was no such event in the
[DS-H,0] at all.

b)-Experiment using [DS-D,0] and [Bulk-D,0] cells

It is well known that the so-called “cold-fusion” has not been recognized generally in an academic
society and also the general public as a new phenomena during ten years after Fleischmann and Pons,
and since their experiment, a great number of experiments have been carried out using bulk Pd metal
cathodes in electrolysis, but there was no evidence of reproducible yield of any reaction products of
both excess heat and helium. These events have been demonstrated by many researchers as shown in
Refs.7 and 8 as a typical example. We, thus, thought it would be interesting to compare the conventional
“Bulk-cathode” method with the “DS-cathode” method under the same experimental condition.

To clarify the situation, we made a Bulk cathode of bulk Pd metal a cylindrical shape of 14 mm in
diameter and 60 mm in length. It was given the same appearance as the DS-cathode, but of course, had
no inner structure. We immersed the DS-cathode and the Bulk-cathode in separate but identical
electrolysis cells of the same D,0 electrolyte. We stress here that there was no difference in the outlook
of the two apparatus. As shown in Fig. 6, we connected the electric circuits in a series so as to allow the
application of common electric current, and the procedure for calorimetry was the same as used in the
previous a)-E experiment.

By this experiment, we have obtained interesting data shown in Fig.7, 8,9, 10 and 11 etc., and more
detailed information has been published in Refs.4 and 5.

As the result, the present experiment has demonstrated for the first time that the non-existence of
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excess heat in bulk Pd metal is due to the occurrence of much less deuterization. The reason why dense
deuterization 1s not obtained in [Bulk-D,0] is that, in bulk metal, only the diffusion effect at normal
pressure is utilized. On the other hand, [DS-D,0] provides extremely dense deuterium (UHC-deuterium)
in Pd fine powders, where anomalous deuterium reactions take place.

c)-Experiment of controlling the excess power using [DS-D,0] cell.

It is very useful for the practice if the nuclear fusion energy of solid-state can be controlled to
generate with a certain constant output, which is selected. We established controlling method to supply
constant output of the excess energy using [DS-D,0]. It is considered that this is the first step of the

practice for using deuterium nuclear reaction energy within a solid. Following figures demonstrate the
typical example of these events, as you see.
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3. Conclusion

The results obtained in the present experiments are summarized as follow:

1) The present experiment has firstly demonstrated that the non-existence of excess heat in bulk Pd metal is due
to the occurrence of much less deuterization. The reason why dense deuterization is not obtained in [Bulk-D,0] is
that in bulk metal only thediffusion effect at normal pressure is utilized. On the other and, [DS-D,0] provides
extremely dense deuterium in Pd fine powders, where the anomalous deuterium reaction take place.

2) The combination of “D-atoms” and “Pd-atom clusters” is the best choice at present for “solid-state nuclear
fusion” (simply “solid fusion”)

3)  We developed “controlling system to supply constant-output” is the excess energy using [DS-D,0] cell, this
is the first step of the practical use for the deuterium nuclear reaction energy within a solid.
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Note (1): Symbols (A), (B), (C) and (D) have special functions (“DS-function”) as follows;

(A): Extremely high pressure of D2 gas (or H2) such as over several thousand atmospheres takes place easily
inside DS-cathode because of “Sieverts-Law”.

(B) Deuterium purity is extremely high inside DS-cathode because Pd-vessel works as a filter.

(C): Deuterium distribution on the surface of all particles of Pd-black instantaneously extends with
uniformity and high density because of function of “Spillover-effect”

(D): Pd-black in nano-scale instantaneously absorbs much deuteriums with over 250at% in content because
of essential function of “atom-cluster”.
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[Abstract] Procedures and results of three kinds of experiments i.e., closed type D,O/Pd electrolysis,
electron beam irradiation and ion-beam bombardment on titanium-deuteride (TiDx) have been introduced in
this paper. In the electrolysis experiment, upper gas of the electrolysis cell was analyzed using a Quadrupole
Mass Analysis System (Q-MAS). Significant amount of helium-4 was detected without neutron emission in
several experiments and in one of these experiments, the amount of helium-4 atom in the released gas from
the palladium cathode was 8.1x10' atoms. Under electron beam irradiation to highly D-loaded palladium,
anomalous spectra were taken in X-ray measurement. In the experiments using deuteron beam and TiDx,
responses which suggested 3D multi-body fusion were taken and the reaction rate of which was increased
compared to the D(d,p)T reaction rate, below 100 keV. This result may reflect the coherent effect of the solid
state in the reactions. From the results of the experiments using proton beam and TiDx, peaks which
suggested 3D multi-body reaction were detected with high reproducibility. Moreover, high energetic protons
having 17-20 MeV emitted kinetic energy which suggested H-D-D three-body coherent fusion were also
detected.

1. Introduction
In lattice dynamic conditions, where plasma oscillation and/or vibrations of deuterium atoms
trapped in metal lattice are excited coherently, there is possibility that anomalous nuclear reactions are
enhanced drastically compared with random processes, with consideration of the following points:
+ Deuterium atoms trapped in metal lattice make well-regulated array symmetrically in metal solid.
Free electrons which screen the Coulomb potential wall in nuclear fusion process can exist. [1,2]
Some kinds of researches have been performed in our group to induce these reactions and to detect the
phenomena. [3-5] In this paper, three kinds of experimental researches, namely closed type D,O/Pd
electrolysis, electron beam irradiations to metal-deuteride and ion-beam bombardment on titanium-deuteride
(TiDx) are presented. Detection of *He atoms accumulated during electrolysis and on-line detection of
neutron emission in correlation with heat generation have been tried in the closed type electrolysis
experiments. Under electron irradiation on highly D-loaded metals, measurements of charged particles
and X-rays associated with coherently induced deuteron fusion have been tried. In ion beam
experiments, peaks that might suggest the occurrence of coherently induced multi-body deuteron fusion
have been detected with high reproducibility.
Existence of non D-D type nuclear reactions i.e., coherently induced deuteron fusion in lattice
dynamics condition, will be recognized by the results of present three kinds of experiments, as
explained in the following.

17



2. Closed Type D,0/Pd Electrolysis Experiment

On-line measurements of correlation between time-variation of D/Pd ratios, excess power ( by
mass flow calorimetry) and neutrons (measured by NE213 scintillation counter) and off-line
quantitative measurements of ‘He atoms accumulated in the cell and the cathodes during electrolysis
( by Q-MAS; Quadrupole Mass Analysis System) have been performed using a closed type D,O/Pd
electrolysis system.[4] The upper-cell gas was sent to the Q-MAS after the electrolysis. In addition, the
electrolyzed palladium cathode was heated up and released gas from the cathode was also analyzed
because it was considerable that *He generated during electrolysis was trapped in the cathode palladium.
By using an improved Q-MAS with a sorption pump for collection of deuterium and hydrogen,
quantitative analysis was possible. Results are summarized in Table 1. In three out of seven data,
meaningful increase of *He was recognized. The increased number of “He atom in the upper-cell gas
during electrolysis in exp. 4-7 is summarized in Table 2. In exp. 4, significant increase of ‘He was
detected (40 times). This result cannot be explained by contamination of air, because much (about 10
Torr of) air-leakage during electrolysis was necessary if the result is assumed to be contamination of air.
In this run, *He atom was detected clearly also in the released gas analysis: 8.1x10'® atoms. Considering
no ‘He atom was detected before the heating up of the cathode and the heating up analysis was
completed in few minutes, detected “He atoms must be released from the cathode. Slight amount of ‘He
atom (10'*-10'° atoms) was detected in exp. 2 and exp. 3 in the released gas analysis. No meaningful
amount of neutron exceeding the confidence level (+30 ~ 19.5 counts per hour) was detected through
this series of experiments. Unfortunately neutron measurement was not performed in exp. 4, but by the
results of the other runs, it seems that there is no clear correlation between the ‘He generation and the
neutron emission. In exp. 3, slight amount of heat generation was detected according with increase of
D-loading ratio. The excess power was about 2 W for 60 W input and continued for 130 hours. In the
other runs, clear heat generation was not detected.

Table 1: Results of the closed type electrolysis experiments

“He detection
Exp. No. Pd-cathode treatment Current mode D Upper-cell gas Released gas 2 Neutron

1 Annealed S.U,LH No No No

2 Anneal + Ti coating S.U,L.H Yes (?) Yes No

3 Annealed S.U,LH Yes(?) Yes No

4 Anneal + Au coating S.U, L.H,S.T, Co. Yes Yes

) Anneal + Au coating S.U, L.H, Co. Yes (?) No

6 Anneal + Au coating S.U,LH,S.T No No =

7 Anneal + Au coating S.U,LH Yes (?) No No

1) S.U: Step up mode 2) Analysis of released gas by heating up electrolyzed cathode Pd.

L.H: Low high mode
S.T: Sow teeth mode
Co.: Constant current mode

Table 2: The number of 4He atoms detected in the upper-cell gas

Exp. No.
4 5 6 T
No. of ‘He before electrolysis 1.1X10% 1.1X10% 1.1X10% 1.1X10%
No. of “He after electrolysis 4.7X1016 4.4X10% 1.7X 10 3.3X10%
Difference 4.6% 1016 3.3X101 6.3X10 2.2X10
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3. Electron Beam Stimulation Experiments
Figure 1 shows the experimental L

setup. Two SSBDs for charged particle and

SSBD: Silicon surface barnier detector

iTe: Cadmium ellurd detector
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background (see Table 3). Since electron beam
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keV. These spectra were not detected in other ”
runs, using Ti or TiDx as a target. Considering Fig. 2: Energy spectrum mez'isurefi Yvith CdTe detectors
under electron beam irradiation
Beam current, energy: 0.5 uA, 3 keV
Measurement time: 5000 sec.

that resembling spectra were detected by both
detectors, these spectra cannot be explained by

detectors’ malfunction. If these phenomena are
Table 3: Comparison of foreground count ratio (cps)

due to electromagnetic noise, increase of counts with backgrouna

would be detected also in energy spectra by ———t —a
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T foreground 1L7E-1 1.3E-1 12E-1 14E-1
that these spectra are due to a tail of a Compton
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continuum or a continuous X-rays by slowing
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down of high energetic charged particles. After
this run, a lithium drifted silicon detector Si (Li)



and a HP-Ge detector were set up for low energy X-ray analysis and for y-rays, respectively. Further

experiments are necessary to investigate the origin of these responses.

4. Ion Beam Experiment

4-1. Deuteron Beam Experiment

Charged particles emitted RO e DD iah RigE 2 o}
from the TiDx were measured with — f\ _— ’1 D" 300keV 2 J/A. o
silicon surface barrier detectors ‘ “ <P'°'°“)\‘/V;‘“ 4:75MeV-Helium 3 § Zone f
[ 14 j o
(SSBDs) under deuteron beam [} aTsMevaion PR Tibx
bombardment. For identification of

Counts/Channel

the detected charged particles, AE&E-
counter-telescope which consisted of

a thin transmission type detector (AE-

[7 300keV|

150keV

detector) and a conventional SSBD
(E-detector) was used. For the
measurement of the total energy of
each particle, one more conventional
SSBD (Ek-detector) was also set up.
Figure 3 shows energy spectra

measured with Ek-detector under deuteron beam irradiation
to TiDx. Two strange shoulders which obviously differ
from the double pile-up responses are recognized between
the peak of the D(d,p)T reaction and the double pile-up
peak of the D(d,p)T. Looking over the energy spectra
measured with AE&E-counter-telescope and/or  results of
experiments with changing the thickness of Al screen foil
set in front of the detectors, it was concluded that lower
energy shoulder (at 3.4 MeV) is a responses of *He and the
other shoulder is of triton (at 4.3 MeV). These particle
conceived to be produced by the 3D multi-body fusion; 3D
— 1 (4.75 MeV) + *He (4.75 MeV), at deeper place in the
target. Considering the energy loss value of each particle
(1.4 MeV for *He and 0.5 MeV for t), the depth where the

3D reaction was induced was estimated to be 3pm-Sum.

3He yield/[D-D]

Energy (MeV)

Fig. 3: Charged particle spectra measured with Ek-detector

under deuteron beam irradiation to TiDx
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Fig. 4: Variation of the yield ratio,

[*He yield]/[D-D], by deuteron beam energy

Scanning range of deuteron beam in Ti is about 2um, so the reaction was occurred at the end of the

beam scanning range or deeper. [6-8] In addition, the yield ratio; [Yield of the *He]/[ Yield of the proton

by D(d,p)T reaction], showed a tendency to increase at lower beam energy (see Fig. 4). In general

beam/target interaction at low energy, reaction cross-section decreases more than D-D reaction as

incident beam energy decreases. Therefore, the detected 3D fusion is not direct interaction with the

incident deuteron but may be indirect reactions under coherent effect in the far less energy than the

beam. Namely we imagine warm or “cold” fusion.
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In Fig. 3, there is a peak, called peak A, at lower energy side of d-d proton peak. This peak was
recognized to be a response of proton and the energy of this peak agree with proton of the ?C(d,p)**C
reaction. However, by the fact of that if the peak is produced by the **C(d,p)"*C reaction, peak yield for
150 keV should be less than 1/10 of the observed yield considering the reaction cross-section and peak
shape should be of sharp spike. The observed peak-A may include proton responses of anomalously
enhanced “cold” D-D reaction process at deeper place in the target.

4-2. Proton Beam Experiment
To investigate whether the indirect 1E406

coherent deuteron fusion is induced by ion LEas

beam stimulation, measurements of charged LE-04
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Peak A
charged particle spectrum which was taken 1E01

during proton beam irradiation to TiDx. The LE0
peaks at 2.5 MeV and 2.8 MeV were i
recognized to be a-particles of the *N(p,a)'*C

EvergyMeV

Fig.5: Energy spectrum measured with Ek-detector
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beam, respectively. Peak around 4.3 MeV was a
response of charged particle which was detected
with high reproducibility. However, no reactions

explaining this peak were found by looking into

Counts/Channel

interactions with impurities. If multi-body
deuteron fusion (3 D — t + *He + 9.5 MeV) was
induced in the target at 3 pwm-5 um depth,

178 18 182 18.4 18.6 188

emitted triton may have about 4.5 MeV kinetic
energy at the front of the detector, by the B

calculation. Since the partner particle, *He, Fig.6: High-energy charged particle spectrum measured
should have about 3.3 MeV kinetic energy, the under protonbeam irradiation, with 600um Ni-screen foil
response might be covered by the continuum from

2.0 MeV to 3.5 MeV in Fig. S. This explanation is consistent with the discussion for the results of the
deuteron beam experiments. This result suggests that the incident beam played a role only for
generating the condition in which the multi-body reactions were induced; multi-body D-reactions are
not a direct beam/target interaction. Figure 6 shows a high energetic charged particle spectrum
measured in the run using proton beam and TiDx. These signals were supposed to be responses of
protons by the HDD reaction, i.e. H + D + D — p (19.1 MeV) + *He(4.77 MeV), because any other
considerable emitted charged particles cannot penetrate through the thick screen foil (Ni: 600 um
thickness) set in front of the detector because of their large stopping power. Although these signals
spread from 17.5 MeV to 18.2 MeV, protons having 19.1 MeV kinetic energy should have energetic
deviation width of about 1.2 MeV after penetrating through a 600um thickness Ni sheet as a result of
the struggling in materials. In the runs using pure Ti instead of TiDx as a target, these signals were not
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detected. A possible mechanism to explain the production of the HDD reaction is as follows: under the
stimulation by ion beam irradiation, two deuterons approach each other closely in transient coherence

and D-D pairs are produced transitionally, then, incident proton hits to induce H + D + D reaction.

5. Discussions and Conclusions

It seems that multi-body reactions (3D and 4D) are of key importance to explain the
experimental results of the both electrolysis and beam experiments consistently. The outgoing channel
of 3D and 4D reaction can be drawn as follows:

3D — °Li" (Ei = 25.3 MeV: 4) — °Li" (Ei = 2.18 MeV: 3*) + photon emission (QED-photons)
Ls d(0.47 MeV) + *He (024 MeV) (1)

- 1(4.75 MeV) + *He (4.75 MeV) )
— d (15.9 MeV) + *He (7.9 MeV) 3)
—n+p+ *He +20.1 MeV, 4)

4D — *Be’ (Ei = 47.7 MeV: 3") — *Be’ (Ei: I") + photon emission (QED-photons),
where permitted Ei and /™ pairs are (25.5 MeV: 4*), (20.0 MeV: 2%),
(16.6 MeV: 2*) and (3.04 MeV: 2%), and *Be” — o+ a + Ei + 0.0918 MeV  (5)
’Be’ (g:s.: 1*) + photon emission (QED-photons), and *Be” — a + o + 0.0918 MeV .  (6)

The detected charged particles in the ion beam experiments may be produced by the reaction (2). But
this outgoing channel (2) is supposed to be a minor channel, considering the spin-parity selection rules.
The main channels may be (1)(5) and (6). Results of the electrolysis experiments as ‘He-generation
without neutron emissions can be explained by the reaction (1) and/or (6). There is a possibility that the
detected signals under electron beam irradiation were bremsstrahlung X-rays by slowing down of those
charged particles by the reaction (1), (5) and/or (6), all of which produce ‘He as the effectively same
process as d + d — *He + 23.8 MeV.

These results of the three kinds of experiments can be explained with a common key of multi-
body reactions induced with stimulating highly D-loaded metals (TiDx or PdDx). This reaction may be
induced under lattice coherent motion in transitional process as suggested in the results of ion beam
experiments. It is important task in future to search how these conditions can be realized much more
strongly and to work out how 3D or 4D cluster can be made.
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Introduction

The increasing interest in the phenomena concerning the production of excess of power in
deuterium loaded palladium led to several different experiments in order to identify the
mechanism responsible for this effect that cannot be explained in terms of some chemical
reactions to account for the high energy for atom released [1-3]. The “MATRIX”
experiment has been conceived for studying the behavior of a catalytic bed of palladium
particles on carbon, in equilibrium with deuterium gas (or hydrogen for the calibration). A
gas loading strongly reduces poisoning of the host metal during the loading and can be
employed successfully in loading thin films and small particles of palladium. The gas
loading experiments simplify the measurement of “He [4-5] that is the expected ashes of
the D-D reaction in condensed matter (i.e. palladium lattice). MATRIX experiment is
oriented to reveal a correlation between *He production and excess of power during gas
loading of deuterium in palladium. The experiments shown that helium production is
strongly correlated with increasing of the system temperature.

Thermal Transient Analysis

An important aspect of the calorimetric study is the evolution of the room temperature: a
variation of one degree in the room produces a variation of about 0.4 degrees in the active
zone of the experimental device. In order to separate the effect of the excess of power from
the effect of the room temperature evolution, a transient calorimetric description of the
system is required, including the effect of the room temperature evolution and oscillations
in the mathematical description of the experiment. The model studies the system transient
by taking into account the non linearity given by the radiative heat transfer, that couples
with the convective mechanism on the top of the cell, and the moving boundary conditions
given by the room temperature behavior.

The numerical simulation represents a tool able to translate the temperature measurement
and map into heat flux evaluation.

Experimental set-up

The experimental system has been realized assembling four 50 cc stainless steel cells
(see Fig.1) within a heated stainless steel support that is maintained at a controlled
temperature. The environment temperature oscillations are smoothed of about a factor
2.5, therefore typically the temperature oscillations of the catalyst and of the support is
in the order of 0.7 degree for a day.
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Deuterium
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Fig. 1 - Experimental cell

The palladium is contained as supported small particles in the active bed that is placed
in the bottom of the cell.

Ten grams of catalyst with 0.4-0.5% wt of palladium, the size of the metal particles is
ranging from 10 nm up to 10 um. A small tube is used to refill the cell with deuterium
in order to compensate the adsorption on the catalytic bed.

The pressure of the cell, the catalyst temperature and the gas temperature are
continuously monitored during the experiment. The system composed by the four cells
and the stainless steel support are thermally insulated from the environment by using
CaSiO4 bricks. The loading is carried out by the physical absorption of deuterium gas
at a pressure ranging, approximately between 1 and 2 atm; the cell block temperature,
during the considered experiment, is maintained at about 516 K, with an oscillation of
about 0.7°, while the air temperature oscillates about 1.7° around 303.5 K (see Fig.
2).

The objectives of this static experiment are:

(i)  more accurate calorimetry to verify the value of the heat associated with the
production of “He;

(i) a parametric study of heat and helium production seeking to maximize these
effects;

(ii1) analysis of the helium produced in the gas or retained in the bed.

The main features of the experiment are:

Low cost, highly reproducible construction so that a multiplicity of interchangeable

cells can be operated in comparative testing.

a)  All metal construction and all metal, helium leak tight sealing to retain any
helium produced and to exclude ambient sources.

b)  Separate admission and sample lines to eliminate the possibility of gaseous cross
contamination.

¢) Independent, on-line pressure transducers to monitor cell pressure and ensure
above atmospheric operation.
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d) A constant temperature block having a large thermal conductivity and heat
capacity to ensure closely identical cell operation in comparative testing.

¢) Well-defined, well-characterized and well-modeled heat transfer so that heat, flow
calorimetry can be performed absolutely and quantitatively.

Modeling

The solution can be achieved by solving the transient two dimensional heat transfer
equation over the domain shown in fig.1. The heat transfer mechanism can be assumed to
be convective around the experimental device but coupled with a radiative mechanism on
the top due to the high temperature there. The environment temperature is time dependent
so that the boundary conditions are moving. Then the first problem to solve is to obtain a
proper function approximation for the room temperature.

Equation:
aT o
pe,=—=VKVT+Q" (1)
ot
B.C.
aT 4
~KE =h(T-Tg)+ e0(T - Ty )
an
Block & Room Temperature
520 . . . : 5 , . , : . : 310
o P ;‘""‘5‘ “““ ‘ """ o ‘ “““ i 'é'TBToT:R?D‘IWEEn::EEs"";“ """ Seene
518 ; 5 L i 308
. 516 306
&
=
514 304
512 302
510 300
0 50000 100000 150000 200000 250000 300000

Time s

Fig. 2 - Experimental and theoretical values of the block and room temperature evolution
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Fig. 3 - Bed and room temperature evolution

p is the density (g/cm}), ¢, specific heat (J/g ©), T temperature, K conductivity (W/em? ©),
Q" thermal load (W/em?), h convective heat transfer coefficient (W/em?® ), Tr the room
temperature (time depending), € the emissivity of the top and ¢ the Boltzmann coefficient.
The lower curves of Fig. 2, 3 show the room temperature evolution. The upper black
curves in Fig. 2 and 3 show the evolution of the block and bed temperature (experimental
values) respectively.

The palladium is contained as supported small particles in the active bed that is placed in
the bottom of the cell.

We can observe that the noise in the room temperature is smoothed by the device because
of its thermal inertia. So we can assume that the real forcing function, that should be
applied

as moving boundary condition, is a function obtained by filtering the noise from the room
temperature.

This condition can be obtained by means of a Fourier’s series development of the
experimental data.

In general a function f{x) with given values on 2n+/ points can be developed as Fourier’s
series up to the harmonic m as:

f(x)=Ay+ Z(A cos(ix)+B; sin(ix) (3)
1 2
Ay = —2 Z_Of(xj) 4)
i Z f(x; )00%( ) B, = ‘) (5)
- 2 #:1 =0 2 +1 =0
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A; and B, have been estimated over 250000 s.
The behavior of boundary condition evolution is shown in the figures 2, 3 (see the
continuous curve passing through the experimental points of the room temperature).

Results

Figure 3 shows the evolution of the bed temperature (experimental points, theoretical curve
without excess of power, and theoretical curve with excess of power).

We can see that the oscillation of the room temperature produces an oscillation of the bed
temperature both in the experimental and in the theoretical curves with a delay that is in the
range 1x10* s. Such a delay introduces an uncertainty of 0.2 degrees, while an excess of
power in the order of 0.1 W produces an increasing of the temperature of about 0.7
degrees, as can be easily seen comparing the two theoretical curves in Fig. 2 and 3, so that
we can conclude, on the basis of the enhanced modeling, including the transient, that the
calorimetric response of the experimental system is accurate enough to detect an excess of
power of 0.1W and that a more precise evaluation of the excess of power can be done
taking into account the delay effect.

The numerical study reveals that the response of the calorimeter is linear in the
investigated temperature experimental range.
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ABSTRACT

In Cold Fusion experiments it is sometimes important to detect the presence of helium (either *He
or “He) in the gases evolved in the experiment. In electrolytic experiments there is a mixture mostly
composed by H, or D,, O,, water vapor, and traces of helium; in gas loading experiments there is
only H; or D, besides helium.

The suggested method consists of a static measurement. The mixture to be examined is passed
through a catalyzer in order to reduce the amounts of H,, D, and O,, followed by a cold trap to fur-
ther remove these gases as well as water vapor and is then stored in a large volume which includes
the mass spectrometer head. Then the measuring volume is connected to a getter pump, which re-
moves all residual gases with the exception of noble gases: in particular such a pump is very effi-
cient in pumping out hydrogen and its isotopes. The residue is then measured in a static mode by the
mass spectrometer: the use of an high-resolution mass-spectrometer allows a further check of the ab-
sence of D, (in the case of heavy water).

The apparatus has been calibrated with *He, and a reproducible dependence of the mass-
spectrometer current on the amount of *He present has been found.

Tests are being conducted aimed at eliminating contamination by “He from the atmosphere; fur-
thermore, the absence of neon allows us to exclude the possibility of such contaminations.

Current work is concerned with the analysis of gases produced by a Cold Fusion cell generating
excess heat.

1. INTRODUCTION

The correlation between excess heat production and the achievement of a high deuterium loading
ratio in a host metal M, has been assessed by many experiments [1,2]. This result is consistent with
the theory proposed by G. Preparata [3], predicting the formation of coherence domains in the host
lattice of a hydrogen-metal system, provided that a sufficiently high (1) concentration D/M is
reached. Inside such domains, the deuterons behave as a coherent system, resulting in a dramatic
change in the cross sections of the D-D fusion reactions, as compared to those measured for the
usual “vacuum” conditions. Furthermore, the probability of the reaction:

D+ D—*He + 24MeV

increases by many orders of magnitude as compared to those for the other fusion channels. The ex-
cess energy, which in vacuo is released as the kinetic energy of the emitted projectiles (nucleons or 7y
rays), is mostly absorbed by the coherent system as heat, accounting for both the observed excess
energy production and the lack of neutrons and other “conventional” nuclear ashes.

If such a theoretical approach is correct, we may expect that *He is produced during excess heat
phenomena. It is therefore important to detect the presence of helium in the gases evolved in “cold
fusion” experiments, provided that this is to some extent released into the gas phase.

2. TYPICAL COMPOSITION OF THE GAS MIXTURE IN ELECTROLYTIC AND GAS

LOADING EXPERIMENTS :

The gas mixture in electrolytic experiments consists mainly of hydrogen isotopes (H,, D,, HD)
and O,, which are produced at the electrodes, and water vapor (H,0, D,0, HDO). In gas loading ex-
periments, hydrogen isotopes are the main components.

Since “He represents about 5.2 ppm of atmospheric air, it is mandatory to avoid any possible
contamination of the gaseous sample from the environment. The maximum care must then be taken

29



in order to avoid leaks and/or helium permeation phenomena during the experiment, both by using
appropriate materials as well as by using adequate high (HV) or ultra-high vacuum (UHV) sealing
connections. Moreover, any air initially contained in the experimental volume must be removed be-
fore starting the run. The whole circuit must therefore be previously evacuated and/or flushed with
some pure gas. It may also be recommendable, in the case of electrolytic experiments, that some
purge gas be added to the cell each time a sample is sent to the analyzer. This refilling procedure
avoids the need to pump on the liquid electrolyte, and keeps the pressure inside the cell somewhat
above the atmospheric pressure, reducing the risk of contamination from the environment. Consider-
able traces of the purge gas used for this purposes (for instance high purity dry nitrogen) can there-
fore be found in the gas mixture.

The amount of “He eventually produced during excess heat phenomena, is expected to be only a
very small fraction of the total gas sample. As an example, let us estimate the composition of the gas
mixture in a typical Frascati electrolytic cell. After the initial purging with pure gas, the mixture will
be mainly composed of nitrogen and water vapor in equilibrium, at room temperature, with the lig-
uid.

In our present test configuration, the volume available to the gas mixture above the electrolyte
level, is about 3 cm’. The initial nitrogen pressure, after the preliminary purging procedure, is typi-
cally set at about 0.11 Mpa. The amount of nitrogen in the experimental volume is therefore around
1.47:10™ mole.

During electrolysis, D0 is dissociated at the electrodes according to the reaction:

(1) 2D,0 - 2D, + 0,
The number of moles of D, and O, produced per unit time is given by the Faraday low:

dno, _1dnp, 1dnpo 1 it)

dt 2 dt 2 dt 2 n+F

(€))

where i(?) is the instantaneous electrolysis current (A), n, = 2 is the number of electrons involved in
the reaction, and F = 96484 C/mole is the Faraday constant. With a typical electrolysis current in the
order of 10 mA, we have:

dn
3) —9% ~259.108mole-s~!
dt
dn
) TDZ:—: 5.18-10 8 mole s~

Assuming that all the measured excess power AP (watt) gives rise to the formation of *He, we can
easily estimate the corresponding production rate:

dnsye _ AP(W)
dt ~ 24MeV-N,

) =4.32-10"1. AP(W) mole s~

where N, is the Avogadro’s number. Equation (5) gives an upper bound for the expected helium
yield ratio in the gases evolved in an electrolytic experiment, with the further assumption that all the
“He produced inside the metal is released to the gas phase. For a typical excess heat of a few tens of
mW, equation (5) predicts about 10"°+10™"* moles™, i.e. about 10°+10'° atoms's” as an order of
magnitude. Comparing this estimation with equations (3) and (4), it is easily seen that the concen-
tration of “He in the gas sample is expected to be in the order of a ppm or less, with respect to that of
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O, and D, produced by electrolysis. Also, the concentration of purge gas turns out to be many orders

of magnitude larger than that of “He.

3. LIMITS OF “CONVENTIONAL” ANALYSIS TECHNIQUES.

Since we need to measure the partial pressure of an
extremely rarefied component, the pressure of the gas
sample at the ion source must be as high as possible with
respect to the ultimate vacuum, in order to maximize the
signal to background noise ratio. On the other hand, for a
correct estimation of the helium content, the correspond-
ing partial pressure at the ion source must not exceed the
linearity range of the analyzer, having a typical upper
bound of about 10°+10™* mbar. Moreover, the total gas
sample pressure cannot rise above some 10" mbar, in or-
der to prevent the ion source filament from being dam-
aged or switched off by the internal protection circuitry.
Conventional analysis methods rely on differential
pumping arrangements, or on the diffusion of the gas
sample through large impedance circuits, in order to con-
trol the amount of gas sent to the analyzer. Both these
techniques, however, besides resulting unavoidably in a
reduced detection limit, may affect the original composi-
tion of the gas mixture in a somewhat uncontrollable way,
due to the selective pumping speed and/or selective
transmission coefficients for different gases. Moreover,

Table 1
Compilation of possible components
in the mass range of 1 - 4 m/e

—Mass Ion Mass (amu)
1 H 1.0078252
2 D" 2.014102

H, 2.01565
3 He" 3.016030
I 3.016050
HD" 3.021825
Hy" 3.023475
4 *He* 4.002600
HT" 4.023875
D, 4.028204
H,D" 4.029650

the gas sample is continuously drawn off during the analysis, so that there is no possibility of re-

Figure 1. The experimental facility at ENEA Frascati
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peating the measurement or to per-
form additional checks later on. In a
certain sense, these methods can be
considered as destructive analysis
techniques.

The presence in the gas mixture
of both *He and D,, further compli-
cates the analysis. The masses of the
*He* and D,” ions are indeed only
0.026 amu apart (see table 1), there-
fore a high resolution mass spec-
trometer is required in order to sepa-
rate the two peaks. Moreover, for a
correct measurement of the amount
of helium in the gas sample, the
contribution of the nearest neighbor
D, peak to the “He signal must be
negligible with respect to expected
helium ion current intensity. Since in
our case the concentration of “He is
in the order of a ppm compared to
that of D5, an extremely high resolu-
tion is required in order to prevent
the helium peak from being hidden
by the tail of the deuterium peak.
This results in a correspondingly
large reduction of the mass analyzer



sensitivity and hence of the helium detection limit.. A compromise must thus be chosen between
resolution and sensitivity, unless we are able to selectively remove the D, from the gas mixture.

4. THE NEW “PSEUDO-STATIC” ANALYSIS METHOD.

The method suggested here relies on the use of a non-evaporable getter (NEG) alloy pump, to
remove all the components in the gas mixture (or at least to strongly reduce their concentration), ex-
cept for noble gases,
finally resulting in a
gas sample with a
high helium concen-
tration, and a total
pressure within the
linearity range of the
QMA (107 - 107
mbar), provided that
the volume of the
UHV analysis cham-
ber has been suitably
designed. The mass
spectrometer thus op-
erates, during the
analysis, in a sort of
“pseudo-static” vac-
uum condition, i.e.
with no turbmolecular
pumping, but under

High purity N2 (N70) ;

List -Key 3 5
the selective action of
1 RP1 Rotary pump 22 BG2 Absolute Baratron gauge 0.1 tor FS
2 AV1 angular valve 23 300 cc SS bottle the NEG pump.
3 PG1 Piranl gauge 24 BMG1 NUPRO metering valve Two main con-
4 TP1 Pfeiffer TPU 170 turbomolecular 25 Bourdon gauge A
pump 26 AV2 angular valve straints have to be
5 VV1 Vent valve 27 PG3 pirani gauge 4 _
6 IG5 hot cathode ion gauge g: Z’\% gm;:y P ?onslig:‘?gd when ;115
7 GV1 gate valve DN 100 CF vaiv n umps: -
8 GV8 gate valve DN 40 CF 30 GV7 gate valve DN 40 CF g “ pump o4
9 GP1 SAES MK200 SORB AC NEG pump 31 Liquid nitrogen sorption trap drogen 1sotopes are
10 IG3 hot cathode ion ga 32 PG2 Pirani gauge i 3
11 GV3 gate vaive DN 300 OF 33 1G2 hot cathode ion gauge reversibly sorbed in
12 Double cross CF100 - CF40 34 PT1 piezoresistive gauge the bulk getter mate-
13 GV2 gate valve DN 100 CF 35 BL3 NUPRO valve ; % el
14 UHV analysis chamber with a QMA 410 g‘; :g mml ive gauge rial (physi-sorption);
analyzer yzer S
15 1G4 Hot cathode lon Gauge 38 MRG! roquiatig vabve ?owevelr, v;'lhex}l‘ a suf-
16 GV gate valve DN 40 CF laphragm valve icient i con-
17 DV1 Balzers dosing valve 40 BL5 NUPRO diaphragm valve ,y 8
18 BL2 NUPRO diaphfragm valve 41 BK1 NUPRO valve centration of hydro-
19 Known volume 2.84 cc (VCR elbow) 42 BMG2 NUPRO metering valve

20
21

BL1 NUPRO diaphragm valve
BG1 Absolute Baratron gauge 1 tor FS
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BL5 NUPRO diaphragm valve

gen is reached, the
alloy may become

brittle. A second
con-straint  arises
from the progressive
degradation of the NEG pump performance with successive exposure to chemically active gases,
such as N,, O,, CO, CO, or water vapor, which are sorbed in a non reversible way at the surface of
the alloy (chemi-sorption), resulting in a contamination by oxide or carbide layers. This therefore re-
quires periodic regeneration of the getter material (ST707 alloy) at high temperature (450°C), so as
to release all the absorbed hydrogen, while surface contaminants can migrate into the bulk material
resulting in a freshly cleaned surface.

Increasing the mass of the NEG alloy will help in reducing the frequency of regeneration cycles,
as well as in extending the lifetime of the getter cartridge. Reducing the amount of gas to be sorbed
by the NEG pump may also alleviate the problem. This can be accomplished by introducing a cata-

Figure 2. Schematic layout of the analysis system
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lyzer, which allows the reduction of most of the H, (or D,) and O, with formation of water, and a
cold trap containing some sorbant material (such as activated charcoal or a molecular sieve) cooled
down to liquid nitrogen temperature. Such a cold trap further reduces the O, and N; content, and
eliminates water vapors.

5. PRELIMINARY RESULTS

A facility has been built at ENEA Frascati (figure 1), in order to test the feasibility of such a
method. A schematic drawing of the proposed experimental arrangement is shown in figure 2. A
turbo-molecular pump ensures
an ultimate vacuum of about
10” mbar inside the UHV
chamber, which is periodically | e,
baked out at about 250°C in

lon Current (A}

Analysis of a dry nitrogen sample used for initial purging of an electrolytic experiment ‘j: igg

£08 | et e-18.00
order to reduce the outgassing | ';‘\GV5C'°SGG' e
from the walls. This pump is | e | l
excluded during the analysis, VS open R
by closing the gate valve GV1 = 1Sample muroducon) J |
just before introducing the gas E11- evac'u;sea \l l
sample. A SAES MK200 non- I TN S . o
evaporable getter alloy pump | beuesrerof Ritrireesd soes e
(equipped with a 170 g car- | ewf==" T Tt R el VRN,
tridge of ST707 alloy) keeps e et e

the pressure inside the UHV
chamber within a 510° — 310
mbar range, depending on the
cleanness of the getter car-

tridge surface. Onge the gas Figure 3. Example of a purge dry N, sample analysis. Only a few
sample has been introduced masses are shown to make the plot more readable. Nevertheless, some
into the analyzer, the NEG interesting observations can be made:

pump strongly and quickly re- e when excluding the turbomolecular pump (GV1 closed), the ob-
duces the concentration of all  served reduction of the ion current signal at masses 2 (H,), 28 (N;) and
the components initially pre- 32 (O2) indicates that these gases are effectively pumpeq by the ST707
sent in the mixture, except for NEG alloy. Also mass ls (H,0) after.a sudden small increase, is re-
duced by the getter pumping. Mass 4 signal slowly increases as a con-
sequence of the outgassing from the UHV chamber walls, however it

noble gases (figure 3). In par-
Heula, it pumping specd. fox remains well below 5107 A.

H; is rated about 500 /s at When the gas sample is introduced into the analyzer, a sudden sig-
room temperature (almost re- nificant increase of mass 28 and mass 4 is observed, while the other
gardless of the amount of hy- masses exhibit just a small increment, quickly recovered by the getter
drogen already sorbed), re- pump. It is interesting to note that, soon after the valve GVS5 is closed,
sulting in a very effective re- Stopping the sample admissi.on to the analyzer, the getter pumps out in
moval of hydrogen isotopes just a few minutes the considerable amount of nitrogen, while leaving
(figure 4). Somewhat higher the helium u n?ltered' ’ o .

: e The dry nitrogen used in these preliminary tests for purging pur-
pUinpIuE speeds. can be poses, was taken from the evaporation of a 5 m® liquid nitrogen tank. It
achieved bi_’ warming up the exhibits a considerable “He concentration, which can limit the sensitiv-
getter cartridge, however the ity of the analysis system. Ultra high purity N70 nitrogen is going to be
corresponding hydrogen equi-  used, as soon as a suitable decompression and distribution manifold has
librium pressure grows with been installed.
the temperature. Moreover, the
outgassing from the surrounding wall may increase, due to the thermal radiation by the hot cartridge,
so we decided to operate the getter pump at room temperature.The ability of the getter pump to ef-
fectively reduce the deuterium content below the detection limit in just a few minutes, can easily be
observed in the multiple Ion Detection (MID) mode, plotting the ion current signal at mass 4 vs
time. When a *He-D, mixture is introduced into the analyzer, the mass 4 signal rapidly decreases to a
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_ﬂ FENTETE RSN | constant value, indicating
Ble_Dspey Sehp_Fascion_Specil o

e bE e that all deutefium has been
sorbed. The asymptotic
s /\ ] value of the ion current can
/ thus be safely ascribed to
the exclusive contribution
o \ of “He. The high resolution
' quadrupole mass spec-
trometer (Balzers
QMS421) can however
provide a further check of
the absence of D,.
Since inert gases are not
sorbed by the getter, the
content of argon, neon and

e : *He can easily be con-
Figure 4. High resolution spectra of a “He-D; mixture. trolled to check against any
The first scan above (cycle 5) shows the two resolved peaks. The GV3 was
opened at the end of this scan cycle, allowing the getter to pump the deute- ++
rium. The following scan (cycle 6), shows that there is no further significant Ar” and Nel, heavy \fvater
trace of D,. During these tests, the dwell time was set at 1 s, while the scan vapor can also contribute

width was of 10 amu. This means that the scan time of each cycle was 10s. to mass 20. DO is how-
ever sorbed by the getter

pump. Moreover, the different contributions to mass 20 can be discriminated in the high resolution
mode. This is not true in the case of mass 3 peak, which has contributions by several hydrogen iso-
topic species (see table 1). The QMS 421 has the potential to resolve the mass 3 peak, but it needs to
be upgraded to operate in the second stability region [4]. Nevertheless, hydrogen isotopes are sorbed
by the getter pump, so that any significant signal at mass 3 can be considered as representative of the
*He content.

0.40008

&

eventual leakage. Besides

6. CALIBRATION OF THE QMA

The high resolution quadrupole mass spectrometer was calibrated using pure N, ‘He, Dy, and a
“He-D, mixture, as summarized in table 2. Measurements of the ion current vs pressure were carried
out in both Scan
Analog and MID Table 2
modes. Pure gas
samples were intro-

Sensitivities of the QMA 410 for some different gases (70 eV energy of ionization

duced into the ana- Gas | Analysis QMA Mass Sensitivity Scan
lyzer through a dos- sample | method | resolution Nr. (A/mbar)  (A/atom mode
ng .valve while N2 dynamic | Standard o AR s
pumping by means of 28 8,53E-04 MID
the turbomolecular dynamic High 182,15 7,12E-06 MID
unit, in such a way Standard 4 1,96E-04 MID
bt s il s | | 2 | s
librium pressure was static : s o
blighed h Standard 4 1,64E-04 4,41E-25 | ANALOG

Z?tf‘:. LS. & eaCA 4 1,88E-04 4,53E25 |  MID
USGIent EED. . 18325 | 1,98E-05 ANALOG
SRR D woit i 183,25 | 1,93E-05 MID
spondence was found D, dynamic : :
between calibrations Standard 2 8,53E-06 MID
in Scan Analog and 4 6,25E-04 MID

MID modes. In the case of “He, the QMA was also calibrated in the “pseudo-static” vacuum condi-
tion, introducing a known amount of gas into the analyzer, while pumping only by the getter unit.
The helium pre-load was accomplished by filling a carefully measured known volume (2.64 *
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0.0031cc) at a known
MID CALIBRATION - Sample gas ‘He “static” method - standard resolution pressure. This latter was
Estimated Nr. of hefium atoms monitored by means of
- : ] Ly 0" two accurate capacitive
ETHNT S e e SRR baratron gauges (BGl
YE1BTEE AN, o i e L U and BG2 in fig. 2). In
R=00986 | | : 2 this way, it was possible
Shpa to calibrate the system
directly in terms of the
number of helium atoms
introduced into the ana-
lyzer. The pressure ex-
erted by the gas sample
after being expanded
R fore e a e : it into the analyzer, was
s il S SRR B monitored by the same
10* 10* 10* ion gauge (IG4) used for
He pressure (calibration factor 6) / mbar the dynamic calibra-
tions, to compare the re-
sults. Figure 5 shows the
MID CALIBRATION - Sample gas ‘He "dynamic" method - standard resolution consistency of these two
calibrations.
Preliminary tests
: 3 : T with a roughly 50% ‘He-
| y=tgseegax |- oo L ] el ey D, mixture were also
R'=0.99885 ; b R carried out, to investi-
i i ' gate the feasibility of
quantitative analysis in
T A IR - the high resolution
il i e e mode. The mixture was
| S by prepared by first re-
1B e e T T plenishing a previously
B R EEE A evacuated stainless steel
5 gas bottle (= 300 cc)
10 10 g~ i 10 with pure *He, at a pres-
He pressure (calibration factor 6) / mbar sure of about 0.4 tor (aS
measured by the bara-
tron gauge BGIl). An
almost equal amount of
deuterium was then
added. The gas mixture was finally introduced into the analyzer through the dosing valve, while
pumping by means of the turbomolecular unit. The partial pressures of the two components were es-
timated, dividing the measured intensities of the two peaks by the corresponding sensitivities previ-
ously obtained by calibrating the system with pure gases, and accounting for the relative sensitivities
of the hot ion gauge (a conversion factor 6 for *He and 2.6 for D,). The measured concentrations
turned out to be about 54% of “He and 46% of D,.

1E8

1E9

1E-18

loncurrent at mass 4/ A

by

i
|
|
|

168 4

loncurrent at mass 4/ A

1E- 11

Figure 5. Comparison between “static” and “dynamic” calibrations for *He
in standard resolution mode

7. CONCLUSIONS

A new method for the detection of very small amounts of *He in a complex gas mixture has been
proposed, using a NEG pump and a high resolution mass spectrometer.

The preliminary tests carried out with a facility built at ENEA Frascati demonstrate the feasibility
of this new concept. Moreover, extensive calibrations performed with different gases in both
“dynamic” and “pseudo-static” methods, clearly demonstrate the consistency of the results.
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The proposed method preserves the initial helium content of the gas mixture, as well as that of
other inert components. This feature has the potential of enhancing the helium detection limit, while
ensuring the possibility of performing repeated tests on the same gas sample and to easily check
against contamination from the environment.
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1 Summary

This investigation emphasizes the heat output (=1 W) measured at open circuit after
the electrolysis of 0.6 MK2CO3 in D3O at Titanium. This thermal phenomenon then
decayed slowly over the course of several days. “Post-mortem” 7y-spectroscopy analysis
of the Ti samples cathodized in D,O evidenced transient y-emissions which cannot be
attributed to impurities of the electrolytic system.

2 Introduction

Since Fleischmann and Pons announced they had induced D-D fusion into a Pd lattice
by electrolytic deuterium loading [1], it was speculated that the phenomenon might not
be restricted to Pd only. Titanium soon appeared a viable alternative to Pd. Thus,
the Frascati ENEA group first [2] and others later [3-5], after submitting the Ti — D,
system to thermal cycles, were able to detect sporadic neutron emissions of energy
compatible with D-D fusion. That the Ti lattice could constitute a suitable host for
low energy nuclear reactions of hydrogen isotopes is also stressed by recent reports on
D™ implantation onto TiD, targets [6-8], whereby unpredicted fusion channels would
operate in the solid and thereby greatly enhance the fusion rates.

But what about the induction of nuclear phenomena at Ti by D,O electrolysis?
To address this question, much careful work has been performed by Sanchez and his
group [9-10] but without definitive results, due probably to the difficulty of the Ti-water
system.

Water discharge at a Ti cathode can lead to Ti hydride formation in acid media
[11], where evolving hydrogen directly interacts with the bare metal. Indeed, several
reports qualitatively account for Ti hydride formation from acidic electrolytes, whereas
hydriding seems hindered at pH > 9 [12]. However, the extent and penetration of the
electrolytic reaction are expected to be very low, as indeed confirmed by Escarpizo et
al. [10].
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The efficiency of electrolytic hydriding could therefore be increased by operating at
temperatures near boiling, but not in acid electrolytes owing to the possible dissolution
of Ti at open circuit. Here we have chosen to perform the electrolytic experiments at
temperatures near boiling (95° C) by using a relatively mild alkaline electrolyte (0.6 M
K,CO; in D,0, pD=11.3), wherein the metal is stabilized by surface oxides.

3 Experimental Procedures and Results

3.1 Electrochemical tests

Ti foils (purity > 99.5%, 0.02-0.07 cm thick) were supplied by Goodfellow, Johnson
Matthey and a local producer. The typical Ti sample working electrode was a square
with area of 1.5cm?; the counter electrode was a Pt coil; the reference was Ag|AgCl
KCl sat. The Ti sample was charged galvanostatically by I = —200mA for periods
> 24h, either at 25° C or at 95° C, while a continous N draft removed the electrolysis
gas from the cell.

At electrolysis interruption, we observed the relaxation with time of the open circuit
electrode potential and accordingly divided the various Ti samples into three groups:
two groups that gave totally different responses and one group that gave intermediate
response.
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Figure 1: Ti electrode potential transients following the electrolysis interruption

Figure 1 illustrates the two limit behaviours at 25°C (broken curves) and 95°C
(plain curves) of two samples I and II. For sample I at both temperatures, electrolysis
interruption was followed by a fast potential increase to attain the potential of TiO,
[11].

For sample II, at 25° C the potential of TiO, was eventually achieved after a slowly
increasing potential transient, whereas at 95° C the rate of potential increase dropped
with fluctuations and oscillations, as the insert of Figure 1 shows. We associate the
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behaviour of Sample II with the decomposition (by corrosion) of a bulk hydride phase,
the formation of which had occurred much more efficiently at 95° C than at 25° C.

3.2 Calorimetry

The calorimetric runs were carried out at 95° C [13-14]. The core of the calorimetric
system was a Dewar electrolytic cell equipped with a refrigerated column to condense the
vapour. In addition to the (Ti) cathode and (Ni) anode, the cell was further equipped
with a Pt 100 thermometer, a NiCr resistance heater and a glass pipe conveying a
controlled Ny flow (3.5cm® min~') into the electrolyte to ensure homogeneous heat
distribution.

The cell, filled with 100ml of 0.6 M K,CO;3; in D,0O and immersed in a silicon oil
bath kept at 95+0.01° C by a Hake F3 thermostat, was made isothermal with the bath
by supplying continuously the power required for NiCr resistance. In the experiment
detailed below we have chosen to measure the free temperature increments (above 95° C)
and convert them into power through repeated calibrations (typical cell constant was
2.0+0.1°CW-1).

Figure 2(a-d) accounts for the evolution with time of the calorimetric response
during electrolysis at a Ti cathode from the same batch of sample IT (1.2 cm X 2.5 cm X
0.07 cm). The left ordinate gives, with accuracy +0.1° C, the increment in temperature
of the electrolyte (continuous line). The right ordinate gives, with accuracy £0.1W,
the power correspondingly determined by the cell constant. The accuracy of this datum
is lower than that of the thermometric readings since we considered the range 95-97° C,
AT/° C linear with P/W. The two broken lines indicate (E—1.52 V) xI (i.e., electrolytic
joule power ——--) and E x I (i.e., total electrolysis power — * —) fed to the cell.

Note therefore that as soon as the electrolysis was initiated (Fig 2a) firstly with I =
—T75mA, the electrolyte temperature quickly increased well above the provisions of the
Joule effect to then exhibit a smooth decline. This latter trend was reversed by applied
-250mA (Figure 2b) and a temperature jump occurred at electrolysis interruption.
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Figure 2: Evolution with time of the calorimetric response.
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The relaxation time of the thermal phenomenon (days) clearly had nothing to do with
the Dewar cell heat loss characteristics. Upon applying I=-50/-75mA for =24 h, the
temperature steadily declined as if the thermal phenomenon had been totally quenched
(Figure 2¢). With I = —250mA the electrolyte temperature rose, and later, at a
new electrolysis interruption, the thermal effect then relaxed much more quickly than
before. At this stage, -250 mA were applied for another 3 days (Figure 2d) and when the
electrolysis was stopped, the thermal output at open circuit appeared remarkably steady
(although it could easily be quenched by applying even -15mA as Figure 2d shows).
Since then, the spontaneous relaxation of electrolyte temperature required several days,
whereby some hundred Kj supply from an unknown source can be inferred.

3.3 ~-Spectroscopy equipment and procedure

To establish whether the anomalous heat release could have involved other anomalous
effects such as nuclear transmutations to meta-stable nuclides, some Ti samples (of
typical dimensions 4.5cm x 1.5cm x 0.02cm) submitted to D,O (H,0) electrolytic
discharge, were then (“post mortem”) examined by +y-spectroscopy, by using two high-
resolution Ge 7y detectors working in coincidence (Fig 3).

sample

[Pre IEG&G Ortec HPGell IEG&G Ortec HPGe2 | Prel

B)G&G Ortec 4@ |EG&G Ortec 474|
SILENA l l
7612/L IEG&G Ortec 934| 871;“1%173
IEG&G Ortec 918A | [EG&G Ortec 457|

1
EG&G Ortec 551]

Figure 3: Scheme of the gamma-gamma coincidence system utilizing two Ge detectors.

The linear signals from the amplifiers were first shaped to the best energy resolution
(time constant = 6 us), then amplified and finally sent to the multi-channel analyser for
spectral analysis. The analyser accepted the detected signals only when they were above
a threshold energy value (~800keV) and in coincidence within a pre-fixed resolution
time (< 500 ns).

The former condition was controlled by the constant fraction discriminators. The
second condition was verified by the time-amplitude converter. The signal from this
converter was synchronized with the linear signal entering the analyser in coincidence
mode. Energy calibration of Ge detectors was systematically performed both before
and after the spectroscopic experiments, by using six lines of the natural background
(2°8Pb,?28 Th,?!4 Po). In the y measurements, the maximum deviation was in the range
0.14—0.19 keV, whereas the error due to electronics could have reached 0.27 —0.38 keV.



4 ~-Spectroscopy results

A Ti sample, cathodized some weeks in light water, was examined as prelimifary ex-
periment; this constituted the blank for the other experiments.

As y-cascade source, we have considered the hypothetical occurrence of the nuclear
reation

“"Ti + H — [intermediate state] —* V 4 6830 keV (1)

whereby A*/EC unstable “®V originates “8Ti*, which then decays to the ground *®Ti
state with the two y photon emissions [15].

After monitoring this sample for over one week, 45d after the end of the electrolysis,
no peak was detected. For the Ti sample cathodized in heavy water, we hypothesized
the nuclear reactions producing 7y cascades to be:

8Ti + D — [intermediate state] —*¢ Sc +* He + 3891 keV (2)

%0Ti + D — [intermediate state] —*® Sc +* He + 3686 keV (3)

The half-life of *5Sc (reaction 2) is 83.81d and the 7 cascade to **Ti ground state is
constituted by two photons of energy equal to 889.277 and 1120.545keV respectively
(15]. The half-life of “8Sc (reaction 3) is 43.7h and <y cascade to *®Ti consists of y
photons of energy equal to 983.524keV, 1037.522keV and 1312.050keV respectively
[15].

In Experiment A, we examined a Ti sample cathodized for 20d, which eventually
showed 0.2-0.3 W heat output at open circuit. The sample was placed in the 7y spec-
trometer 8d after the end of the electrolysis, whereby only the occurrence of reaction
(2) was investigated.

Table 1: y-Spectroscopy Results

Energy (ke V)
Experiment Length (s) | Expected | Measured | Counts
A Run 1 934000 889.277 | 890.26+0.34 217
1120.545 | 1122.91+0.35 | 2245
Run 2 | 647000 889.277 | 889.55+0.31 4+8
1120.545 | 1121.174+0.36 | 7+ 6
B 163000 983.254 | 982.85+1.24 845
1037.522 | 1036.44+0.32 | 17+4
1312.099 | 1308 ~ 1316 4+4

The measure consisted of two spectra acquisition runs lasting 11d (run 1) and 8d
(run 2), with a 70d interruption between each run. The data reported in Table I were
obtained by a MAESTRO II search program which automatically identified peak energy
and area. Compared to the blank, the peak area in run 1 resulted from 3 to 4 standard

_deviations, whereas in run 2 the said peaks decreased to ~ 1 standard deviation.
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In Experiment B, a Ti sample, again cathodized in D50 for 20d (excess heat produc-
tion of ~0.2W), was introduced into the 7-spectrometer (~2h later) and monitored
for 46 h.

Two of the three expected lines (983 and 1037 ke V) were found and metered by the
automatic research system (cf. Table I), while the 1312 line was estimated by us, with
reference to the backgrounds. The intensity of the automatically detected lines ranged
from 4.2 to 1.6 0 and was seen to fade by the end of the measurement.

From the data of Table I, corrected for y-spectrometer efficiency, the radioactivity of
either “6Sc or “®Sc was extrapolated to a hypothetical steady state between production
and decay to obtain the respective values of 6.5(+1.8) x 10~2s~'and 3.2(+0.9) x10~2s~,
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ABSTRACT

We have designed a new type of cell, containing a thin film Pd cathode deposited
on a glass substrate in a “bustrophedic pattern” (width w = 5x10~ c¢m, length 1 = 100
cm, and depth d = 0.5-2x10™* cm). Such cathodes have a resistance of several kQ’s. In
addition to the usual potential difference V,. between anode and cathode, the electric
configuration has a further potential difference V. applied across the cathode. This
set up has been designed in order to test a new effect, the Coehn-Aharonov effect.
This effect is established in a coherent quantum system, such as that of the D-plasma
inside the Pd, due to the turning of the electric into an electrochemical potential,
thereby greatly enhancing the loading capability of the electrolytic system.

1. INTRODUCTION

A long sequence of replications (1) of the original Fleischmann-Pons (FP) (2)
production of excess heat released by Pd cathodes loaded with deuterium in
electrolytic cells has firmly established the existence of a critical loading:

Xe = (D/Pd). (1)

Thus, excess heat can be revealed only for x > x. only. These experiments point to the
value of x. = 1, as predicted theoretically (3) at an early stage of this research. This
high value of x. has been the cause of a number of the failures in replicating the
original FP experiments; loading is thus the decisive factor in producing excess heat.
In 1993 Preparata proposed that a voltage drop applied across the cathode could
enhance the loading significantly. This topic is the subject of the presentation (4) at
this Conference; here we will give a brief outline. A physical system described by a
unique wave function is able to detect an external e.m. potential since the potential is
incorporated in the phase of the wave-function; in the case of the magnetic potential
this gives rise to the well known Bohm-Aharonov effect (5). The experimental
evidence indicates that when x = 0.65 the D-Pd system undergoes a phase transition
from the usual B-phase to a y-phase at room temperature, where deuterons migrate
from the octahedral to the tetrahedral sites of the Pd lattice and where they can enter
into a coherent plasma oscillation. This coherent state of the nuclei fits the above

" Giuliano Preparata died the 24" of April, 2000. We remember him for his passion in the daily
experimental work and his generosity in teaching us, day by day, that a physicist is not just an expert of
the laws of nature, but is primarily a philosopher fascinated by the laws of nature.
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quantum conditions so that an externally applied electric potential affects the chemical
potential of the deuterons. As a consequence we should be able to decrease the
chemical potential of deuterons in the y-phase, host of the D-Pd system, by applying
to the cathode a negative potential sufficiently large to transform the cathode into a
sink with respect to the electrolyte solution (or, more generally, with respect to the
environment). This effect differs from the usual electromigration since it implies a
transverse attractions of deuterium into the cathode, with respect to the direction of
the field (see Fig.1).

However the application of a voltage across the cathodes of conventional geometry
will produce a flow of current, and thereby induce Joule effect which can destroy the
coherence. To reduce this adverse effect as much as possible the electrical resistance
of the cathode must be made as large as possible. Thus the only viable cathodes are
one-dimensional, having a great length and a narrow cross-section. In previous
experiments wires having a diameter of 50 um have been used and energy gains up to
100% have been obtained (6,7,8).

In the present experiment a further reduction of the cross-section has been achieved
by using deposited strips of Pd on inert surfaces. These strips have a width of 50 pm
and a thickness of 2 um, the total length being about 1 m. In this way an extra order of
magnitude in the resistance has been achieved, decreasing by the same factor the
Joule thermal heating.

We present here the first stage of this ongoing experiment.

2. ELECTROLYTICAL LOADING OF A “BUSTROPHEDIC” DEPOSITION

The electrolytic cell is very compact and easy to assemble (see Fig.1b). The
maximum external diameter is 8.5 cm. Different types of materials have been used,
from Teflon to a thermal hardening resin known as Cybatool. The cell is equipped
with a Pt-100 thermoresistor to measure the temperature of the internal volume (a few
cm’) and sits in a thermostat regulated to better than 0.1°C in order to perform a

gt———
L] g’:i;*zi u
N

Fig. 1 - The cathode geometry and the cell assembly:

a) The bustrophedic cathode. Six pads have been used to measure independently the
resistance of 5 sections of the cathode.

b) The electrolytic cell can hold 1.5 cm® of LiOD solution. The Pt anode is welded to one
of the two shells, while the Pd cathode is deposited onto a glass contained in the
circular housing in the diagram
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Fig. 2 - Electrical layout of the experiment. The mismatch between the two circuits is based
on the opening of relays 1 and 0 when 7 is closed and vice versa; ki, ko, ... ke are the
contacts on the cathode pads (see Fig.la), the resistance is read as the voltage between two
neighboring contacts.

calorimetric measure with a very high accuracy. The cathode is a Pd film sputtered in
a UHV chamber onto Vycor glass. In order to prevent detachment of the Pd film from
the substrate during loading, a very thin (few hundreds angstroms) Cr “buffer” layer
has been deposited below the Pd. The pattern (Fig.la) has been obtained with
photolithographic techniques.

We are interested in studying the loading along the cathode in order to observe the
concentration profiles due to the voltage drop across the cathode itself. We have
therefore divided the sample into 5 successive segments and have monitored the
resistance of each segment. A relay bank allows the separation of the electrolysis
circuit during the DC resistance measurement (see Fig.2 for details). The interruption
in the electrolysis current is limited to 50 ms. We have observed that such short
interruptions do not affect the loading process: in fact, de-loading starts only if the
interruption lasts for several hundreds of milliseconds. A computer based program
acquires data at chosen time intervals, typically every 10 seconds.

The circuit was equipped with an additional voltage generator to supply an
independent extra voltage across the cathode (V).

A typical pattern of loading in a 10*M LiOH solution is shown in Fig. 3. It is clear
that there is a delay in loading the less cathodic sections. The rate of loading increases
as the sections approach the negative terminal of the voltage supply. In these
particular experiments the extra-voltage V.. was switched off. A noticeble feature is
that the R/R peak has a value lower than the bulk value reported in literature, which
is 2. A change in the electrolyte resistance during the experiment cannot explain such
behaviour. In fact, in strong electrolytes the molar conductivity is approximately
proportional to the square root of the concentration (Kohlraush’s law), while we can

49



0.014

0.012
001 g
S
<
0.008
0.006
0.004
0.002
| | | 1 L 0
400 1400 2400 3400 4400 5400 6400 7400
Time (s)
X 0.1+R2/R2 O 0.5+R6/R6)
O 0.2+R3/R3 O 0.6+R7/R7
O 0.3+R4/R4 = Current density

Fig. 3 - Loading curves of different sections of the cathode in LiOH 104M solution. The
section referred to as “R1” is connected to the negative terminal of the voltage supply. (In
this experiment the deposited pattern was divided in 7 rather than 5 sectors, as in Fig. 1)

1.7 - 5
gas-loading phase 45
156 = — g —— = — —=
4
15 1+ 3.5
3 e
g 14 T —=RRO
= 25 £ ==—Cell Voltage
1.3 = ==Cell current
2 s S b L)
12 1 i
1
14
0.5
1 0
0 1000 2000 3000 4000 5000
time (sec)

Fig. 4 - Comparison between gas loading and electrolytic loading in the same sample: LiOD
solution was added into the cell at the end of the gas loading at 1.2 bar.

assume a linear law for very dilute solutions, as in our case. A shift from R/Ry= 2
(Baranowskji’s peak value) to R/Ry = 1.65 (measured value) should be produced by a
decrease of the electrolyte resistance of 100%. However, we have measured the
conductivity of the solution after a long (4 days) electrolysis at 10 mA, and we found
a decrease from 104 £ 1 to 94 + | uS/cm. Gas loading experiments, aimed to check
this behaviour, have given the same maximum value ranging from R/R; = 1.65 to 1.70



(see Fig.4). Thus, we deduce that there must be a physical meaning for this
unexpected behaviour.

Our samples have been produced by an ion-assisted sputtering technique. The X-
ray diffraction analysis shows a (1,1,1) orientation on the surface with a small tilt of
5° out of plane. The average defect-free crystal volume is about 180 angstrom thick
and defects (dislocations) are mainly parallel to the surface. Since the Pd B-phase is
characterised by a coherence domain (3) almost spherical in shape, going to one
dimension can disturb the coherence of the phase, determining the reduction of the
potential wells in the octahedral sites and a decrease in depth of the tetrahedral wells.
This in turn leads to an increase of the chemical potential of the electrons. The
increase of chemical potential of the B-phase has the effect to shift the crossing point
between the curves towards smaller values of x, which means that the y-phase starts to
nucleate at lower concentrations (4). Since the maximum of the Baranowskji’s curve
can be assumed as the starting point of the y-phase, we can now understand why the
behaviour of thin films is different from that of bulk samples.

In order to evaluate the role of geometry on the sample behaviour, we have
compared the loading of a bustrophedic film with that of an electrode of large area
deposition obtained with the same sputtering procedure. Using a comparable current
density we were not able to “drive” the sample over the maximum of the loading
curve in the latter case. In fact, as soon as the current was switched off, the resistance
started to decrease.

With the present configuration we were able to reach, in a reproducible way,
concentrations as high as x = 1 with very low currents (up to a few mA) in very short
times (few thousands of seconds). This allowed us to investigate highly loaded
samples of Pd-D in a series of experiments aimed to improve the understanding of the
physics of this system (9,10).

3. CALORIMETRY

The evaluation of the power dissipated in the cell has been obtained, as usual,
through a linear calibration. A measured Joule heating power has been dissipated in
the cell and the corresponding increase of the temperature, measured with a Pt-100
sensor dipped into the solution, has been used to calculate the thermal constant of the
cell, k. A typical figure is k = 181 £ 5 mW/°C. The thermal stability of the cell,
housed in a thermoregulated box is about 0.01°C. Of course, this figure depends very
closely on the chosen geometry and on the materials of construction, and can vary
from experiment to experiment. We therefore need a very accurate procedure of
calibration before each experiment.

We have observed that, whenever x = 1 is reached, an extra-power is generated
inside the cell with an intensity proportional to the concentration (see Fig. 5). In this
way we have measured excess specific rates of enthalpy generation of 1 — 2 kW/cm”.
This figure corresponds to absolute values of the order of tens of milliwatts because of
the very small volume of the cathodes (Vgeposition = 25%107° cm’).
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Fig. 5 - Excess power measured during the experiment quoted in fig.4 . The input power was
about 60 mW.

One of the key problems for the use of this configuration is the fragility of the
cathodes. In fact, the overloading of the sample affects its lifetime, and some of the
experiments fail because the cathode breaks. We have tried to solve the problem by
using a different experimental set up in which the electrolytic solution flows through
the cell in a circuit containing a reservoir at constant temperature. The calorimetry
was performed by measuring the difference between the output and the input
temperature of the solution. It turned out that the motion of the electrolyte with a
velocity comparable to the velocity of the ions in solution can severely affect the
loading process. For this kind of small cells the static configuration is therefore most
appropriate; the problem of the film overheating has to be solved by increasing the
thermal transfer to the substrate.

One further aspect which should be emphasized is that the assumption of a
stationary thermal regime inside the cell should not be used. Such an assumption,
which allows us to use the linear calorimetry approximation, is probably correct in
most of the cases under study when the power dissipated in the cell is small, i.e., the
average or the local temperature in the cell does not change appreciably. For the case
of large heat generation in the cathode, there will be a strong increase of the
temperature near the cathode surface, with the possible formation of a film boiling
layer that changes the heat transfer towards the solution. In this condition the thermal
constant of the cell will be obviously changed with respect to the stationary
conditions. The only reliable method, as stressed both by Martin Fleischmann and
Giuliano Preparata, is the isoperibolic calorimetry (6). The method consists in
supplying small, well known, amounts of power at definite time intervals, and in
monitoring the consequent variations of temperature. This correlation allows us to
determine the cell heat transfer coefficient as a function of temperature and time. We
have started to analyse our experiment also in the light of these considerations.



4. CONCLUSIONS

The approach used in this experimental campaign was aimed to study the role of
the cathode geometry in the deeuterium loading process. We have found that
concentrations with x higher than 1 could be obtained easily and in short times in
most of the experiments by using thin films. We also have observed an interesting
deviation from the Baranowskji’s behavior for the R/R versus x graph. We relate this
feature to the metallurgic structure of our samples. We have checked this behavior in
the case of gas loading also, in order to validate the measurement procedure in
electrolysis, obtaining the same R/R versus x behavior.

The peculiar design of the cathode has allowed us to test the so called “Coehn-
Aharonov” effect, studying the influence of an electric potential on the chemical
potential as in the case of coherent quantum systems. We have observed that the
voltage drop across the cathode itself appears to enhance the loading of the Pd film in
the most cathodic regions. A very different behavior was observed in an extended
sample, without the “bustrophedic” structure, even if made under identical deposition
conditions and loaded with the same electrolysis parameters. We have never observed
a clear effect of the additional power supply on the loading (V.), probably because of
the competitive Joule heating effect which spoils the coherence inside the metal and
favors the de-loading.

Excess rates of enthalpy generation of the order of tens of milliwatts have been
measured as soon as the average loading exceeded the threshold x. = 1. Considering
the dimensions of the cathodes this figure corresponds about to 1 kW/cm’.

The experimental set up described in this paper has been limited to demonstrating
the effect. We believe that in order to increase the excess power generated by such
electrolytic cells a multiple system has to be realized, based on many replicas of the
basic cell. The first step of this program is the management of the loading procedure
and of the heat measuring system.

In order to achieve the total characterization of the physical phenomena underlying
cold fusion, we have started a program on the analysis of *He, as a nuclear product of
the fusion reaction between two deuterium nuclei. The experimental technique has
been presented in this Conference (11). Preliminary results show that the method used
has a detection sensitivity which allows the use of the measured number of *He atoms
to evaluate the rate of nuclear reactions, thereby giving a further confirmation of the

. calorimetric experiments.
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EXCESS POWER PRODUCTION FROM PLATINUM
CATHODES USING THE PONS-FLEISCHMANN EFFECT

Edmund Storms

Energy K. Systems, 2140 Paseo Ponderosa, Santa Fe, NM 87501

ABSTRACT
Excess power was produced using a platinum cathode. Efforts to produce active cath-
odes by plating palladium onto various metals were largely unsuccessful.

INTRODUCTION

Palladium has been the cathode of choice since Pons and Fleischmann made their origi-
nal claims. Occasionally, anomalous energy has been claimed to result from other elements
such as Pt[1; 2], Au[3], Ti[4]. Thin layers of palladium on various inert substrates have
also been claimed to produce anomalous energy [5; 6; 7; 8]. From this collection of experi-
ence, one might conclude that any layer of Pd made to stick tightly to the surface of another
material would produce energy with greater ease than the bulk metal. This assumption has
been found to be false even though such material can achieve a D/Pd ratio greater than
1.5[91. Layers of electroplated Pd can be just as difficult to reproduce as bulk material.
Although several successful samples were made, this paper will describe only one example
of uncoated platinum which produced excess energy after being electrolyzed for an
extended time in LiOD+D20.

EXPERIMENTAL
Calorimeter Design:

The calorimeter, shown in Fig. 1, consists of a Pyrex glass cell surrounded by a water-
cooled jacket. This assembly is contained in a vacuum dewar, thereby allowing most of the
energy lost through the lid to be picked up by the cooling water. A magnetic stirrer is used
to stir the electrolyte, thereby reducing temperature gradients. The entire assembly along
with all reference resistors is contained in a constant temperature environment. Table I lists
values and uncertainties for the various quantities.

The cell contains three linear thermistors within the electrolyte, one near the top of the
solution, one near the bottom, and the third just above the cathode. The anode is equidis-
tant (0.5 cm) from the flat plate cathode (1 cm x 2 cm x 0.01 ¢cm). Temperature of distilled
water flowing through the jacket is measured just as it enters the jacket and just as it leaves.
Data are recorded every 15 min. using a National Instruments data acquisition system after
averaging 15000 values. The flow rate is measured by allowing the water, after it leaves the
calorimeter, to fill a container on a balance while the weight and time are recorded every
120 sec. In addition, the cell contains a Pt-coated-carbon recombiner catalyst and an bare
Pt wire heater within the solution for calibration. Luggin capillaries allow the voltage
between a platinum reference electrode and the cathode to be measured. Because the cell is
gas-tight and connected to an oil reservoir, any gas generated within the cell can be
detected by weighing oil displaced onto a balance. Samples can be quickly changed or
replaced by an inert cathode for calibration. Lengthy studies of inert platinum show a sta-
bility of +75 mW.

Calibration and Error
A typical calibration for the flow-mode is shown in Fig. 2, using a clean piece of plati-
num for the cathode. Values are taken both going up and going down in applied power in



the same manner as the sweeps described later. The standard deviation of the electrolytic
values from the least-squares line is +30 mW which is the same as the standard deviation
from a constant value when stable excess energy is being observed at low applied power.
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Flgure 1. Drawing of the calorimeter. The electrolyte is 65 ml of 0.3 N LiOD and the
anode is Pt mesh. The cell lid is Lucite and the Dewar lid is expanded foam

insulation. All thermistors are glass covered. Time to reach a steady
temperature is 50 min.

TABLE I
Summary of uncertainties in measured quantities

Water temperature entering the jacket = 20+0.02°
Environment temperature = 20+0.03°

Flow rate = 31.00+0.05 g/min (long term variation)
Precision of current measurement = +<0.001 A
Precision of voltage measurement = +<0.001 V
Precision of temperature measurement = +<(.005°
Absolute accuracy of temperature measurement = 0.1°
Stirring rate = 300 rpm + 1 rpm

Average heat capture efficiency = 98+0.5%

This scatter increases to +0.1 W at the upper limit of applied power (27 W). A zero drift as
much as -0.05 W has been observed over an extended time. Consequently, changes in
excess energy production are more accurate than absolute values. Good agreement
between the electrolytic- and Joule-based calibrations shows that the location of heat pro-
duction does not affect the accuracy of the device. Doubling the fluid flow from 22.3 g/min
to 45.3 g/min caused a change in the calibration constant from 0.0732 W/degree-g/min to
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0.0738 W/degree-g/min, indicating that good thermal mixing is achieved in the exiting
cooling water. Because samples can be easily changed, the cathode is frequently replaced
by clean platinum when the need arises, to recalibrate. Good stability is shown by a scatter
of only £1.6% in the calibration constant when measured many times over three months.
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Figure 2. Comparison between electrolytic and heater calibrations before and after the
study using the flow method. The heater and electrolysis agree within 1.2%.
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The cell can also be used as a rough isoperibolic calorimeter by measuring the average
temperature between the electrolyte and the cooling jacket. However, this method is not
stable, in spite of active stirring, because of changes in convection within the electrolyte
and within the jacket. Figure 3 shows how the average temperature across the cell wall
changed between the first and final calibration using the electrolytic method and clean Pt.
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Figure 3. Comparison between applied electrolytic watts and the average temperature
across the jacket for two calibration runs.

Excess Energy Measurement

Figures 4, 5, and 6 show the time history for excess power (EP) production using a
platinum cathode which had been subjected to electrolysis for many ﬂours without subse-
quent cleaning. Current sweeps consist of stepping the current up in value, waiting
for the calorimeter to achieve steady-state (50 min), taking five values, and repeating the
process. After reaching 3 A, the current is reduced in steps. Notice in Fig. 4 that the
expected EP was achieved at 0.5 A and 1.0 A, but decayed away when 1.5 A was applied.
A sweep taken after the decay showed very little EP. After the current was turned off for a
brief time, the study was resumed in Fig. 5. Notice that the EP again gradually increased
after 0.5A was applied. Sweep #3 again showed EP and this continued while 0.75A and
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1.0A were applied. However, application of 1.5A again caused the EP to decay away.
Once again the current was turned off. Application of 0.5 A, shown in Fig. 6, again pro-
duced EP. The calorimeter was calibrated at 430 h using the internal heater and later using
an inert Pt cathode. This experience shows a consistent pattern of behavior which was
repeated once again, but is not shown here.
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Figure 4. Time history of excess power production from a Pt sample.

The first sweep is shown as applied current vs EP in Fig. 7. Notice that excess power is
indicated by the isoperibolic method during this initial sweep. Later sweeps do not show an
effect because the calibration constant changed, as indicated in Fig. 3. Also notice that the
excess power falls on a higher line upon reduction in applied current. Subsequent cycles,
as shown in Fig. 8, produce excess power that falls consistently on this higher line which
extrapolates to zero EP at zero applied current, in contrast to the behavior of palladium.
Palladium requires a critical applied current before EP is produced because the leakage rate
into the metal has to be overcome before the required critical composition can be achieved
on the surface. Figure 9 shows the sweeps taken using different numbers of values to pro-
duce the plotted average and these are compared to values obtained using the heater as a
calibration. Apparently, the measured EP is not affected by the number of points averaged.

I e P g
£ 03
3 0.2
& 0.1
e

120 140 160 180 200 220 240 260 280 300 320
RUNNING TIME, hr

Figure 5. Time history of excess power production from a Pt sample.



DISCUSSION

A large average composition within the cathode is thought required to produce excess
energy. Yet many researchers have failed to produce excess power after achieving large
compositions, for example Nakata et al.[10]. Now, metals that do not even dissolve hydro-
gen are found to make excess energy. Clearly, additional variables are operating.
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Figure 6. Time history of excess power production from a Pt sample.
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Figure 7. Comparison between excess energy measured using flow method and
isoperibolic method during the initial current sweep.

In the case of platinum, this study suggests that an energy-active layer of unknown
composition can deposit on a Pt surface. This observation might also be related to the fre-
quent detection of Pt on the Pd cathode after excess energy is observed. Such a layer is
slow to form, which is consistent with the observed long delay in producing excess energy,
and, for this sample, it is unstable. Is it possible that such a layer might be the active mate-
rial in all studies, even when palladium is used?. McKubre et al. [11] also suggest that a
critical layer is required to maintain the required high composition in Pd. Perhaps this is the
actual active material. If this is the case, the bulk properties of palladium are only impor-



tant in that they must support a critical concentration within this layer. Since palladium can
easily permit loss into the metal, such material might be the worst substrate to use. Plati-
num, gold, and other inert materials would appear to be better choices. Use of such materi-
als would only require forming the active layer without a need to use special batches of the
substrate. If this suggestion is true, significant changes in various theories will be required.

More detail and the raw data can be accessed at http://jedrothwell.home.mind-
spring.com.
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Abstract

It is important to establish a precise heat measurement system to confirm the excess
heat owing to cold fusion phenomenon. We have been developing two types of flow
calorimetry systems. Among them we obtained 99% heat recovery using the improved
NHE type calorimeter and have almost established the absolute measurement of the heat
during electrolysis.

During the electrolysis using small metal rods (Ni,Pd and Ti) as the cathode in
'L1,S0,-H,0 solution, the excess heat that was over 5% of the input power was not observed.
During the electrolysis using porous Ni or Pd wire cathode in K,CO;-H,O solution, the
large excess heat was not also obtained. However, we observed the unusual increase of
the electrolyte temperature at the very beginning of electrolysis. This excess energy was
small (about 1kJ) but we could not find any chemical reactions that correspond to this

excess heat.

1. Introduction

More than 10 years has past since the first announcement of the cold fusion by
Fleischmann and Pons”  Since then, many people have worked on this field and many
reports have been published. However, there remains some uncertainty especially for the
excess heat. Many reports claimed the excess heat. However, most of them were low
reproducible and the amounts of excess heat were very small.

In order to confirm the small excess heat, the precise calorimetry is inevitable. We
are developing two kinds of flow calorimetry systems. One is the Yokohama type
calorimeter that has triple walls to keep constant temperature in the vessel. The other was
the NHE type calorimeter that originally designed by the NHE project (Japanese cold

fusion project) which uses the vacuum insulation around the electrolysis cell.”
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Excess heats were reported not only with D,O system but also with H,O system using
K,CO, or Li,SO, electrolyte. In this study we will report firth the development of our
flow calorimetry systems and in the second, show the results of heat measurements in
K,CO;-H,0 and Li,SO,-H,0 systems.

2. Improvement of flow calorimetry system
2.1 Yokohama type flow calorimetry system
The electrolysis cell for this type

was a closed cell with recombiners at
the upper part. The cooling water

NHE type cell

goes through the copper tubing and the ~ § - FeSI
S & - -
temperature difference between the £ Sm——m Yokohama type cell
. 508 :
inlet and the outlet was measured. = -
The electrolysis cell was placed in the 07 =
vessel that has triple walls. The triple 0.6
walls were thermally controlled . = o P &0 100

separately and precisely. The Fig.1 Heat recovery of Yokohama type cell and NHE type cell

temperature in the vessel was

controlled=0.01°C at the room temperature range of 23+3°C. The heat recovery of this
calorimeter was rather small (89-97%). However we can use this system at 70°C or
higher temperatures. Figure 1 shows an example of the heat recovery. In this case the
heat recovery was 91.5+0.08% and the systematic error was estimated to be +1.5% at
the input power of S5W.

2.2 NHE type flow calorimeter

The NHE type cell was also a closed cell with recombiner. The cell has a double
structure.  The inner cell is hanged to the outer cell. Both cells are thermally insulated by
vacuum. The cooling water flows from top to bottom along the wall of the inner cell.
The heat recovery was measured by the temperature difference of cooling water.  The
electrolysis was carried out at a constant current and the total input power was fixed using a
joule heater in the inner cell. These controls and the data acquisition were curried out
automatically using a personal computer. In order to obtain an accurate data and an
absolute value, the heat recovery of the system is important. In this study the heat
recovery (H.R.) was obtained by the following equation.
H.R =4.181X0.9975 X (the amount of the cooling water) X A T/Total Power
4.181 JK'g" and 0.9975 gem™ were the specific heat capacity at the ambient pressure and
the density of the cooling water at 23°C. AT is the temperature difference between the
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outlet temperature and the inlet 12

temperature of the cooling water. 1.85

Fig.1 also shows the H.R. of the NHE o 138

type flow calorimeter where the total Qs

input power was increased from 5W 17—

to 5.3 W. In this case the average 1.65

HR. is 99.040.04%. Fig. 2 shows O P gy B BR 08
the dependence of the temperature Fig.2 Dependence of the temperature difference on input power

. ’ using NHE type cell
difference on the input power. The

linear relationships is clearly observed. Considering the slope of the line and the
sensitivity of the thermometer (0.01°C), we can measure a small heat of 30 mW.

3. Heat measurement in electrolysis with light water
3.1 Packed-bed cell system **

Patterson et al claimed huge amount of excess heat using Packed-bed cell.” We
simulated the Patterson cell by using small metal rods (Ni, Pd and Ti). The electrolysis
was performed in a cell that was made of acrylic resin. We used a galvanostat for
electrolysis. We set up degasser in front of the cell inlet to remove bubbles from
electrolyte. Electrolyte used in experiment was 1 M Li,SO,-H,O solution. The electrolyte
is circulated in this system. The flow rate of electrolyte was 10 ml/min or 45 ml/min and
the temperature of the electrolyte was kept at 20°C at the inlet of the cell. In order to
estimate the amount of the recombination of H, and O,, the current efficiency was
measured using a gas flow meter of soap membrane. For these experiments we did not

use the precise calorimeter, since we expected a large excess heat as that of Patterson.”

Tablel. Heat balance of electrolysis in Li,SO,~H,O solution

Run Cathode Cell Cell Heat Balance
Number Electrode | Current(A) | Voltage(V) Average
R5 Ni 0.5~ 1.0 10.6~27.2 1.02
R6 Ni 0.5~ 1.0 7.1~20.7 1.01
R7 Ni 0.5~ 1.0 8.1~16.9 1.00
R8 Ni 0.8~ 1.0 11.3~20.8 1.02
R10 Pd 0.5~ 1.0 9.6~ 18.8 1.03
R11 Pd 0.5~ 1.0 9.6~ 25.9 0.99
R12 Pd 0.5~ 3.0 9.2~ 38.0 1.01
R13 Pd 0.5~ 3.0 6.5~ 36.2 1.01
R14 il 0.5~ 1.0 18.3~ 35.2 1.02
R15 Pd 05~ 1.0 [18.7~ 338 ]1.03
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Table 1 shows the some

results using small Ni rods (2 mm¢

25 2.5
X2 mm, 12g), Pd rods (1 mm¢ X2
mm, 520 pieces)and Ti rods(1 20
mm¢ X 2 mm, 520 pieces)for % §.
cathode.  Anode was Pt mesh :‘30 15 : §
anode (3 cm¢, 55 mesh), and >o 10 5
electrolyte was 1 M Li,SO,-H,0O ;; =
solution. The temperature of the 5 — 0.5 -
water bath where the electrolyte
solution went out and in, was 0 : . 0
controlled at 20°C and the flow 0 50 100 150
rate of the electrolyte was 45 Time/h

lin. The elsamwisds s Fig.3 Cell current and cell voltage at R8

conducted at a constant current.

The current was increased by 0.1 A

every other day from 0.5 to 1.0 A.
The same electrode was used

—_— —
— N BN
T
.
)
.

repeatedly for these experiments.
Figures 3 and 4 show the cell
current, the cell voltage and the

heat balance for the electrolysis

Heat Balance
S o o O

using Ni rods. The decrease of the
cell voltage is observed in the
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T
>
<
m
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figure 3.  The decrease would be

due to the increase of the surface 0 50 100 150

area of the electrodes. Figure. 4 Time/h

shows the heat balance of the some Fig.4 Heat balance at R8

experiment  (R8). The heat

balance does not depend on the cell

current. The average heat balance

was 1.02 at this case and 2% excess

heat might be possible. However, we could not confirm the excess heat, considering the
distribution of the data. Table 1 shows the results of the several packed-bed experiments.
The heat balance is also more than 1.0 in most cases. However, the excess is 1~3% and
very small. We could not observe the large excess heat in our system as reported by

Patterson et al.”
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3.2 Heat measurement in electrolysis with K,CO;-H,O solution.

Excess heat productions were reported by Notoya®® and Ohmori” in K,CO;-H,O
system. We used porous Ni seat (10 X15X1 mm) or Pt rod (I mm$X25 mm). The
anode was Pt rod (1 mm¢ X25 mm). The electrolyte was 0.5 M K,CO,-H,0 solution (50
ml). The electrolysis was conducted at a constant power or a constant current. For the
heat measurements we used the Yokohama-type flow calorimeter.

We have performed the electrolysis about 100 times. Table 2 shows the some
typical results. In these cases the heat recovery is ranged from 0.88 to 0.95. These data
shows that we could not get excess heat. However, in several cases, the temperature of the
electrolyte increased more than we expected at the beginning of electrolysis. Normally, the
temperature of the electrolyte should follow the following equation before getting the
steady state at the beginning of electrolysis. :

T = RWj+ T -1exp(tRC) (1)
T = RW, +T,,-T(t=0)
R, is the heat resistance (WK™'). W, is the input power (W). T, is the temperature of

in

cool

cooling water.  T(t) is the temperature at time t. ~ C is the heat capacity of cell (WK™.

Table.2 Heat recovery of electrolysis in K,CO,-H,O solution
using Yokohama type flow calorimeter.

Run Number | Cathode Input = | Heat Recovery
Power
2h0601 Pt 5W 0.95
2h0603 Ni 5W 0.88
2h0704 Ni 5W 0.88
2h1402 Pt 1A 0.90
2h1406 Pt 1A 0.91
2h1504 Pt 1A 0.89

Figure 5 shows the temperature duration of the electrolyte at the beginning of Run
2h0704. The temperature trend is different from that of eq.(1). We observed the
temperature peak around 2 h that could not be expected theoretically. The maximum
difference is 0.7°C. From the difference of these temperatures, we calculated the excess
heat was 1700 J in this case. This phenomena could not be observed always. We clearly
observed this phenomenon 14 times out of 100 runs and the excess is 340~1700 J.

These are very small heat and some chemical reaction might be responsible. Possible
reactions owing to the excess heat are the oxidation of metal (anode), and the hydride
formation (cathode). Masses of Ni and Pt electrodes used in experiment was 60 mg and
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850 mg, respectively. If all these 445

electrodes become NiH,, Ni(OH); or “r

Pt(OH), completely. The heats of  © i

seactions wers 261, 693 Jamd1530 8 P [ - Sirulated curve using heat flux

1. vl The he wE 6 0§ o | sxpticniig 1)

' pectively. e heat of the 5§ 4|

hydride formation of Ni or the 541‘5 L — Experimental dete

oxidation of Ni is very small and = 41 +

could not explain the excess heat of 405 H

this study. The oxidation of Pt 40 : : :

might be a possible explanation 0 5 10 15 20

thermochemically. However, Pt : Timeh

anode is usually very stable and Fig 5 Temperature duration of the electrolyte and the
theoretical curve at Run 2h0704.

only the surface of the Pt anode
would be oxidized. The heat of oxidation of Pt anode might be less than 100 J. No other
chemical reactions that produce heat are thermochemically possible. We could not explain
the small excess heat by any chemical reaction.
4.Conclusion

During the electrolysis in 1 M K,CO;+H,0 using Ni and Pt cathode, we could not
obtain excess heat from the increase of the temperature of the cooling water. However,
the unexpected temperature increase of electrolyte was observed at the beginning of
electrolysis. The amount of the excess heat was very small but we couldn't find any
chemical reaction for this excess heat. During the electrolysis in 1 M Li,SO,+H,0 using
Ni, Pd and Ti rods the large excess heat could not be obtained, although the average heat
balance was a little over 1.0. We are under developing of two kinds of flow calorimeter
systems. However, the small excess heat of less than 30 mW is very difficult to confirm.

Further development is necessary to measure the small excess heat.
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Abstract

We report the results obtained in three different laboratories on the Ni-H
system during several years of experiments. Heat production was observed in
different cells for long periods, with a maximum power of 70 W. In several occa-
sions we detected gamma ray emission and in one case also a neutron emission.
The analysis of Nickel samples which loaded Hydrogen gas showed the existence
of other elements not present in the original specimens. Finally, we present tracks
detected in a diffusion chamber of ionising particles from a specimen which pro-
duced heat.

1 Introduction

The observation by one of the authors (F. Piantelli) of an anomalous behaviour of
the system Ni-H was the starting point of a systematic research on these effects [1].
Different cells and specimens were built and put into operation in order to study the
characteristics of the phenomenon. For a detailed description of the cells, the reader
is referred to [2] [3]. Nickel specimens or specimens of other nickel plated materials,
were put into our cells and treated at various temperatures and hydrogen pressures
in order to obtain a high level of H-loading. In some cases a relevant absorption was
obtained, while other specimens, even if treated in a similar manner, absorbed much
less. Typical values of pressure and temperature employed in the loading operations
were in the 2001000 mbar and 700+-800 K range. The use of subatmospheric pressures
guarantees that the observed pressure decreases were due to Hydrogen absorption and
not to cell leakage. During the treatments for loading Hydrogen or as a consequence
of Hydrogen absorption, a series of different phenomena, which will described in the
following, were observed.
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Figure 1: Two pressure shocks causing the sample temperature increase (Termocouple
Tecl, figure 1b of reference [2]).

2 Heat production

Apart from the first experiment, whose results are reported in [1], where a heat pro-
duction effect was deduced by measuring the specimen temperature, in all subsequent
experiments heat production was measured with reference to the temperature of the
external walls of the cells. In practice, in an initial phase the cell was calibrated: a
curve describing the temperature difference between external cell walls and room vs.
input power was obtained in equilibrium conditions at a low Hydrogen pressure (200
mbar).

This curve can be approximated as linear in a range of the order of a hundred degrees
kelvin and used to calculate the heat exchanged on the basis of the Newton law of
convection. The total thermal power emitted from the cell can thus be deduced from
a measurement of two temperatures: the wall and the room temperature. Whenever
the difference of the two, for a given input power, is above the calibration curve, there
must be a power excess coming from inside the cell. In practice the horizontal distance
of a point from the curve gives the value of the produced power, as can be seen for
example in figure 6 of reference [2]. The apparatus sensitivity to heat production is
of the order of a few watts. For this feason we could not observe an eventual excess
power production below that a threshold. Usually, the heat production is triggered by a
thermal or pressure shock, consisting of a sudden change of input power or of the inside
pressure, as shown for example in figure 1. The initial temperature decrease observed
in correspondence of pressure jumps is caused by drawing into the sample region of
low temperature hydrogen. The successive increase of equilibrium temperature puts in
evidence a power production.

For the best case, we obtained an excess peak power up to 70 W, with an average
over a period of 10 months of 40 W. During that period of time it was also possible to
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Figure 2: HpGe spectra of activated and not activated Gold. Details of the region
around 412 keV are shown in the insert.

stop (typically with an inverse shock) and resume heat production many times. The
overall energy production, corresponding in the two best cases [2] to an amount of 600
MJ and 900 MJ, respectively, cannot be explained by chemical reactions because of
the low quantity of materials inside the cells. In other shorter experiments, lasting not
more than one month, a power production of the order of tents watts was obtained.

3 Neutron emission

Thanks to the long period of heat production of some-of the cells it was possible
to search for radiation coming from the system, which would be a proof of nuclear
reactions occurring inside the cells. In one case alone, we detected neutron emission.
This was associated with a spontaneous increase of about 10 W of the power emission,
which was kept constant by decreasing the input power. As reported in detail in [4]
two methods were used to detect neutrons: one based on the activation of a Gold
sheet, the other consisting of counting the neutrons by means of 3He detectors. The
activation method is based on the high thermal neutron capture cross section by *7Au,
which turns into ®®Au. This last isotope decays into an excited state of **Hg with a
2.7 day halflife. A 411.8 keV gamma ray is emitted in the decay to the ground state
of 1%8Hg. A 5.1x2.4x0.06 cm® Gold sheet placed inside a paraffin box was left for 12
days near the cell emitting neutrons. Successively, the sheet was placed above a HpGe
detector and the 411.8 keV gamma rays were recorded. The spectrum obtained is
shown in figure 2. In the same figure we report in order to exclude effects from cosmic
neutrons, the spectrum recorded after the sheet container was kept 12 days 10 m far
from the cell. For comparison with the effect produced by an Am-Be neutron source
of known strength, it was possible to deduce the intensity of the neutron flux coming
from the cell, which resulted in about 6000 neutrons/second. During the same period
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Figure 3: Two consecutive weekly averages of 12000 s Nal spectra, and (lower curve)
their difference.

two 3He counters with paraffin and cadmium shielding were placed one near the cell,
the other 10 m far away from the cell. Thank to a calibration with the Am-Be source,
the counting difference between them permitted us to determine a flux of about 110
neutrons/second from the cell. The apparent disagreement between the two figures can
be explained by the time distribution of the neutrons impinging on the near counter,
which shows a characteristic arrival in short bursts [4]. Later on, the neutron flux died
away. For a period of three months it was monitored by three He counters placed near
the cell. Data referring to this period, on subtracting the background, give a flux of 2-5
neutrons/seconds. Successively, the heat production was stopped and so did neutron
emission. Considering the overall power emitted from the cell and an energy of the
order of 1 MeV for each neutron emitted, the ratio between the number of neutron
observed and the number of neutron expected is of the order of 1071

4 Gamma emission

Another important proof of the existence of nuclear reactions is the emission of gamma
rays from the samples. They were measured mainly by means of Nal detectors and
also with the use of a HpGe detector. They occurred during periods of cell operation
in various experiments. Figure 3 shows two Nal spectra. Each represents the average
of 50 runs each lasting 12000 s acquired consecutively. In addition to peaks due to
natural background, an extra peak whose energy of 665+1 keV was measured with a
HpGe detector is visible. The 665 keV peak intensity increased with time, as evidenced
by the reported difference between the two spectra.
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Figure 4: Two tracks from a sample which produced energy.

5 Charged particle emission

The specimen which produced up to 70 watts, at the end of the experiment was ex-
tracted from the cell. Two months later it was placed in a diffusion chamber, borrowed
from a student laboratory. As shown in figure 4, tracks coming from the sample
appeared. The strong ionisation and the absence of straggling allows us to exclude
electrons as responsible for the tracks. Unfortunately, this simple kind of chamber
cannot be used to make a quantitative and precise measurement. Nevertheless, on
having observed tracks of length up to 9 cm, a particles can also be ruled out. In fact
« particles of this range would have an energy of about 20 MeV, which is too high for
« emission from known radioactive elements.

6 Surface analysis

A surface analysis of the specimens after conclusion of their treatments in the cells
was done on some of the first samples [5] and later systematically. These studies
were performed by means of a SEM microscope with EDX probe. This analysis was
suggested by the observation that those samples which produced energy had a different
surface appearance with respect to that at the beginning of the experiment. The
surface appeared corroded and sometimes little spots were present. The results of
these analysis can be summarised as follows. Whenever there was heat production or a
sensible Hydrogen loading, elements not previously detectable by SEM were detected
on the surface. These elements are usually found in little spots or in the corroded
regions. We found F, Na, Mg, Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Cu, Zn. Apart light
elements, not detectable by SEM, we found in practice, with the exception of Sc, Ti,
V and Co, all the elements lighter than Ni, plus Cu and Zn. In each spot only some
of these were detected, but their EDX signal was in some cases even stronger than
that of Nickel. The proportion of the elements changes from place to place. Other
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Figure 5: EDX spectrum showing the appearance of elements absent before the run.

authors, working with electrolytic systems, reported the presence of elements different
from those initially present in the specimens (see for instance [6] [7]). Figures 5
reports the EDX spectrum relative to a spot with other elements not present before
the treatment.
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Abstract

Plasma was formed on the electrode surface in a liquid electrolyte when a metal cathode
was polarized high voltage electrolysis in the solution. During the plasma electrolysis a large
amounts of heat are sometimes generated. The heat can exceed input substantially, and in some
cases by up to 200 percent of input power. At the same time, anomalous elements were detected
in the electrolyte and on the electrode surface. Based on the heat and the product, we hypothesize
a nuclear reaction that can be induced by photon activation on the cathode element.

1. Introduction

We previously reported that anomalous isotopes are created on metal surfaces and surface
regions, which cannot be explained by ordinary electrolysis.1 In other words, this extruded
material consists of elements, which cannot conceivably be contamination, because the isotopic
distribution of most of the elements is unnatural. It is thought that this indicates what type of
reaction affecting the nucleus has occurred. We expect to clarify the reaction mechanism by
analyzing these reaction products. The plasma phenomenon has been in the literature ¥ for quite
a long time. The reaction mechanism of plasma discharge is not understood in as much detail as
ordinary electrochemical reactions.

2. Experimental Method
2.1 Electrolysis system

Heat was measured by a method that combined open cell isoperibolic calorimetry and
flow calorimetry. The cell is a cylindrical glass vessel, 100 mm in diameter and 150 mm tall. A
magnetic stirrer to ensure uniform temperature distribution mixes the electrolyte. It has two
layers, or chambers. The anode, cathode and electrolyte are placed in the inner chamber. The
outer chamber is filled with primary cooling water and heat exchanger coils (Teflon tubing).
During electrolysis, secondary-cooling water flows through the coils and removes heat from the
primary cooling water. Thermocouples are installed in the heat exchanger coils inlet and outlet,
in Tee fittings, to perform flow calorimetry. Cooling water is circulated through the Teflon
tubing from a constant temperature bath with an FMI precision metering pump with 1%
precision; for example, 4.26+0.05 g/s. This pump circulates water at any rate from 1 to 20g/s.
The flow rate is verified by collecting the water in a flask for a fixed period of time and weighing
it on a precision scale.

2.2 Heat calibration



The heat balance is obtained with the following formulas:
Input (Joules) = I (current)xV (volts)*t (Time)
Output (Joules) = Hw (heat of solution and cell)+Hc (heat of coolant)+Hr (heat release)+Hv
(heat of vapor) + Hg (heat of water decomposition)

All data, including voltage, current, temperature, and mass of secondary cooling water, are
collected with a data logger for each 10s. Current is determined by measuring voltage through a
shunt. Cell voltage is measured by attaching sensor wires directly to the electrode leads in the top
of the cell. Data from the logger is captured by the computer, and finely recorded on diskette. All
electric lead junctions from the thermocouples to the logger are compensated.

The heat balance was calibrated by changing the input power of the Joule heater immersing
in the electrolyte. The out/input ratio stayed at 0.89 during the calibration run except when the
cell was boiling, and during glow discharge boiling seldom occurred. The results show that a
large change in input has no effect on the heat recovery calibration. In other words, changes in
input power can be precisely monitored by the flow calorimetry method and by the open cell
isoperibolic method. The only difficulties arose when the input power is very low, because the
temperature precision was only 0.1C, and below 70W measurement accuracy suffered.

2.3 Electrolyte and Cathode Material Preparation

The electrolyte solution was prepared with Milli-Q pure distilled water that is filtered. It
was used after being redistill in quartz glass. Ultra high pure reagents were used for the K;CO3
electrolyte. High purity of tungsten plate (99.98%) was used for the cathode. Platinum wires or
mesh were used as the counter electrode and electrode lead wires.

2.4 Analysis of generated element

Materials in the solution and deposition bottom of the cell were calibrated by ICP analysis.
The element on the electrode surface was analyzed by the EDX. The elements were then melted
by an acid and calibrated by ICP method.

3. Results

When we increased the input voltage, excess heat was clearly generated. A typical result is
shown-in—fig—1,-with a tungsten electrode of 0.5mm thickness; the graph on the left shows
changes of input current, voltage and the electrolyte temperature during electrolysis. The figure
on the right shows the input and output in watts and the ratio between them. The output heat
showed slight excess comparing with the input power after 2,000s of plasma electrolysis start.
After the 3,000s, the excess was considerably larger than the heat measurement error of 20W and
reached 30-40W of average during the plasma electrolysis.

Tungsten samples of 0.3-mm thickness-also produced significant excess heat generation. A
typical result is shown in fig.2. Excess heat was observed after only 100s of plasma electrolysis.
At the time, the excess was considerably larger than the heat measurement error of 20W,
reaching 40W average for the first 1,500s of plasma electrolysis. The output and input ratio
changed over time. For the first 1,000s, excess was 20%, but after 1,600s it increased to around
60%, with fluctuations. The ratio again increased up to 300% after 3,000s then fell back to one
after the voltage decreased to 100V. The total output heat power during plasma electrolysis was

76



estimated as 388.7kJ while the total input electric power of 334.3kJ. Excess heat is 54kJ or 16%
of input power.

After the voltage fell to 100V, the output and input ratio seems to fall gradually below
unity. The ratid slowly increased after the voltage decreased into 60V. A possible reason is that
the electrolysis temperature rose close to boiling point during glow discharge, and heat was lost
to the water vapor released from the cell. Although we did not measure heat lost to vapor, the
overall balance during glow discharge remained well in excess of unity because so much excess
heat was generated. After the voltage was lowered, excess heat stopped although large losses to
vapor continued, so ratio fell under unity. At 60 volts, glow discharge stopped, the boiling
ceased, and the heat losses to vapor declined, so the balance returned close to unity.

It has been established that at the extraordinary excess heat generation is sensitive to many
parameters, such as electrolysis and electrode material. Especially, it can depend on the
electrolysis temperature, input voltage and the duration of plasma discharge. We had no excess
heat at the beginning of the plasma electrolysis even the temperature and the input voltage were
quite high, at 100V and 85C. However, after several hundred seconds of plasma electrolysis, we
always observed large excess heat generation. We conclude that if we attain sufficiently high
temperature and voltage, and hold them, we observe excess heat with 100% of reproducibility.

It is apparent that excess energy production depends on electrolysis voltage and the
temperature of the electrolyte solution. The discharge voltage at which excess heat production
begins is quite different as these conditions vary. Even when these conditions are satisfied, other
parameters, such as the shape of the cathode, cause dissimilar discharge conditions. The
spectrum of light from the reaction shows that two kinds of reactions can occur'’. A reaction in
which hydrogen dominates in the spectrum, or a reaction in which the alkaline in the electrolyte
and the cathode metal, which have no direct role in the reaction, are more pronounced in the
spectrum. In the latter case the electrochemical potential near the electrode is large. We assume
this affects the excess heat generation.

After excess heat was produced, many elements were found in the electrolyte, the eroded
and precipitated cathode material, and on electrode surface. On the other hand, there were fewer
elements when no excess heat was measured. Several elements were detected on the cathode
surface after excess heat evolution, including Cl, Ca, Ti, Fe and Zn. The distribution of the
elements was different in different parts of the electrode surface. Most were found around the
center of sample. Meanwhile, other elements were detected in the solution, which were not the
same as those found on electrode surface and the deposition at the bottom of the cell. Typical
element distributions are shown in the Tablel. A clear difference can be seen between the case
when excess heat was generated, and when it was not.

4. Discussion

In evaluating heat production, is necessary to consider whether the heat might have been
produced by chemical changes. After discharge electrolysis it is clear that the cathode material
was worn down and precipitated to the bottom of the cell in the form of fine particles. Because
this material was entirely made up of pure metal, the destruction must have been caused by
hydrogen corrosion as well as heat damage. Therefore chemical changes cannot explain the heat.
Ignoring the fact that this is impossible, let us consider some hypothetical chemical reactions:
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2W+30,=2WO3 + 200.84k]
WO3+HyO=H,;WOy4 + 179k]

In other words if 183.85g of tungsten reacted the maximum heat generation from this

reaction would be 380kJ. The actual volume of excess heat measured using flow calorimetry was
54.4kJ for the case of plasma electrolysis with 200V of input for 3.1ks. The mass of tungsten
removed in the reactions described above was 0.1g, and if we assume hypothetically that all of
this material reacted, the heat would have been only 0.207kJ or 0.38% of the actual excess heat
observed. The heat production in this experiment cannot begin to be explained as a chemical
reaction. : .
This discussion has been predicated on the supposition that the tungsten underwent a
chemical reaction, but in reality the tungsten found at the bottom of the cell was recovered as
pure metallic fine powder, so no chemical reaction occurred. Furthermore, the decomposition of
carbonates in a water solution is an endothermic reaction, so in this case 274kJ/M of heat would
be absorbed, therefore even assuming that a reaction occurred no excess heat would be produced.
Ordinarily, when metal is transformed into a hydride, it produces on the order of 200kJ/M, the
exact amount depending on the metal. If a hydride was formed, based on the amount of tungsten
lost from the cathode, the excess heat from the reaction should have been 0.1kJ approximately,
which is simply too small to make a difference. In short, the actual heat that might have been
produced from potential chemical reactions is essentially nonexistent.

5. Conclusions

According to the many reported experiments, almost of papers reported that there were no
radioisotopes and no or very weak radiation such as neutron and other gamma or x-ray detected
" during and after the cold fusion experiment. So then, We have to explain the fact by a proper
mechanism that produce the no radioactive materials by the treatment of the electrochemical
reactions. Here, Takahashi'' make progress the mechanism of photo-fission for the case of
palladium that had been used properly for the cold fusion experiment. We can understand that
the same discussion would be taken for the case of Tungsten electrode.

The discussion was not only the case of Palladium electrode but also essentially consist for
Tungsten electrode. There are two peaks for the element distribution of the product of Tungsten
electrode as shown in table 1. One peak is the major element of iron and zinc and other is the In.
The total generated amount of element for the case of excess heat evolved was calibrated as the
ordér of mg. Meanwhile, the total excess heat was calculated as the order of 10°%J from the
products. The mechanism is well explained the excess heat evolution. We can say the photo-
fission mechanism explain the amount of excess heat and the distribution of the element
generation during the electrochemical treatment.
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Tablel Analytical results of the total element in the electrolysis system

Before After electrolysis After electrolysis

Element (mg) Large excess heat Small excess heat

Al 0.006 1.2 0.5

Si 1.4 2.0 1.5

P 0.5 0.5 0.5

S 0.4 0.6 0.6

Cl 0.8 1.0 0.85

Ca 0.06 0.45 0.12

Ti 0.001 0.8 0.15

Cr 0.001 14 0.005

Fe 0.024 2:5 0.055

Ni 0.001 0.02 0.004

Cu 0.14 0.03 0.16

Zn 0.001 0.75 0.001

Ge 0.01 12 0.01

Pd 0.01 0.5 0.01

Ag 0.01 0.12 0.01

In 0.01 1.1 0.01
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Fig. 1 Result of small excess heat of 0.5-mm thickness Tungsten plate in 0.2 M K2CO3.

Left; Changes of input volt, current, electrolyte temperature and electrode temperature (vertical
scale, 1/10).

Right; Changes of input, output and their ratio during plasma electrolysis.
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Fig.2 Result of large excess heat generation during plasma electrolysis of Tungsten electrode.
Left; Changes of input volt, current, electrolyte temperature.
Right; Changes of input, output and their ratio during plasma electrolysis.

80



Conference Proceedings Vol. 70
“|CCF8”

F. Scaramuzzi (Ed.)

SIF, Bologna, 2000

An Energy Amplifier Device

U. Mastromatteo — Sensors & Actuators development Manager

STMicroelectronics
Via Tolomeo, 1 — 20010 Cornaredo (MI), Italy
Phone: +39 0293519416, Fax: +39 0293519354,
E-Mail: ubaldo.mastromatteo@st.com

Abstract.

After more than ten years from the beginning of the experiments, in laboratories of many
countries, aimed to confirm the phenomenology claimed by Fleischmann and Pons in March
1989, in which the lattice of hydrogen-loaded metals nuclear reactions can take place at
temperatures not above a few hundreds degrees centigrade; the scientific certainty of this
possibility has been achieved.

Actually, the work of cold fusion experimenters is now mainly devoted to finding the best
technological approach to activate these phenomena in a reproducible, efficient, clean way.
A more attractive approach uses a simple nickel layer at high temperature in a hydrogen
environment.

Many experiments using this kind of approach demonstrated a very interesting correlation
between excess heat coming from hydrogen-loaded nickel and electrical, thermodynamic
conditions of the system.

Using a peculiar system configuration devoted to the qualitative study of these phenomena,
in recent experiments it was possible to evaluate approximately the average micro-system
amplification. Moreover, in the spots where excess energy melted the material, the
amplification was estimated to be larger than 10.

Under way is an effort to change the system to control, with a suitable feedback block, the
local amplification values, in order to extend them in a stable way to the main part of the
active material.

A general partitioning of the Energy Amplifier System is showed in figure 1.
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Figure 1 - The energy amplifier & other control modules

Introduction

In a previous paper"? we described the preliminary results obtained in experiments devoted
to study the behavior of very thin nickel layers at high temperature (350 — 450 °C) in
presence of hydrogen.

The reason for this research is in the possibility, claimed by numerous researchers in Italy
and abroad, that in peculiar thermodynamic conditions in the nickel hydrogen system,
exoenergetic nuclear phenomena may occur.

The used samples were small silicon chips, in which separated by a dielectric layer, two
nickel resistors were constructed. The dimension of such resistors being 3.3 mm in length,
10 microns in width and 0.1 micron in thickness.

One of these two resistors is placed on a SiO; layer (inert even at very high temperature),
while the other is on a special dielectric layer with high content of hydrogen bonds (10% of
Si-H, N-H are present in a PECVD (Plasma Enhanced Chemical Vapor Deposition) silicon
nitride, which means a concentration higher than 1x10** cm™).
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To induce hydrogen absorption, a suitable hermetic stainless steel chamber has been set up
in which it is possible to put the sample and reduce the pressure below 10 torr. Heating the
sample at a temperature higher than 350 °C, a slow release of H' from broken hydrogen
bonds in the PECVD silicon nitride is produced (the solid source underneath the nickel
resistors). In a few experiments a hydrogen atmosphere is created, filling the chamber with
Forming gas (5% H; in N;) and heating the samples.

To heat the cell it is possible to use the polysilicon heater underneath the solid source or the
nickel resistors as showed in the schematic cross section of the cell ( Figure 2).

During the initial phase of this work, mainly devoted to the comprehension of the material
behavior, the short duration of the experiments and the flexibility of the system, allowed us
to evaluate several boundary conditions.

On the basis of the experimental conditions, it is possible to separate the tests in different
groups: a first one with the samples under vacuum and with the hydrogen released by the
solid source, a second one with the gas Hy/ N; in the chamber, a third one in the N,
environment using the solid source, and a fourth, covering the resistors with a solid source
layer on top to avoid the nickel oxidation, making the experiments in air under an optical
microscope to observe in real time the nickel layer changes. A fifth recent group of
experiments has been performed, putting the samples in a SEM chamber and biasing the
nickel resistor with high-density current pulses. The use of the SEM chamber allowed us to
follow in real time the changes in the nickel layer structure (in two cases a low quality video
tape recording was possible).

The main difference between the experiments is in the power needed to heat the samples,
because the thermal resistance with vacuum and with the gas differs more than one order of
magnitude.

So in the case of vacuum the current in the nickel (when used as heater) was 3-4 times lower
than in the case of gaseous atmosphere.

When the polysilicon heater was used, the changes in the nickel layer, produced in a longer
time, were more uniform in terms of area involved, but in this case it was not possible to
evaluate any energy amplification.

However the hypothesis that is possible to formulate about the observed phenomenology can
include these tests as well.

It may be useful at this point to remember that all the tests performed can offer us only a
qualitative evaluation of the material behavior. This is due to the very small thermal
capacitance and very high thermal resistance of the system.

These two conditions are both implying a strong and fast temperature rise, even if the energy
generation spots are random and short.

As mentioned above, the main purpose of the initial phase of this research was a qualitative
evaluation of the nickel-hydrogen behavior. So to start a quantitative evaluation phase, some
changes are necessary in the system to correct its limitations.

The main action is the reduction of the thermal resistance of the system. This may be
obtained using larger size nickel samples, directly in contact with a silicon substrate and
performing the test in an H; gas atmosphere.

This change in the system heat sinking also increases the thermal capacitance of the samples,
avoiding fast temperature rising in case of excess power production in the nickel layer.
Hence, the samples should work long enough to allow a clear quantitative measurement of
the amplification and probably of nuclear transmutation in the material.
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Figure 2 - Schematic cross section of the cell

The don Borghi’s work.

The interpretation of the old and new results is based on don Borghi’s experimental work. To
whoever is not aware of it and its theoretical foundations, due to the difficulties of providing
here even a short review, I recommend examining the papers mentioned in the references’.
To be sure, theoretical quantum mechanics can provide objections to the theoretical
foundations of don Borghi’s work, also consider that it was done around the 1940.
Nevertheless, it is the opinion of experts in the nuclear field that the experimental results
remain qualitatively incontrovertible®**.

Let’s now take a look at the analogies between don Borghi’s reactor and the structure of the
samples we designed to verify the nickel behavior in the presence of hydrogen at high
temperature:

1. When, usually at temperatures above 250-300 °C, the nickel layer absorbs hydrogen, this
is ionized and in the metallic lattice behaves like a plasma. If we imagine 1cm’® of nickel
with 10? as <H/Ni> ratio, the plasma pressure is (10%/6.59)x22.4x10° atmospheres
(3.4 atm).

2. Using current pulses it is possible to increase the probability of creating neutral particle
trough electron-proton interaction, at such low energies to have immediate absorption
into nickel nuclei.

In practice, what in don Borghi’s reactor was obtained by the RF electric field in the H; gas,

is automatically produced by the simple absorption in the nickel lattice. Also, the opposed

movement of electrons and protons induced by the anodic current is induced simply by
biasing the metallic layer endings. Moreover, in the metallic lattice there is a perfect current
confinement with the possibility of reaching very high current densities.
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Results from six different system configurations (4 and 5 are equivalent);

1. Tests with indirect heating, samples in vacuum and hydrogen solid source
(Figure 3);

Figure 3 - Nickel resistor showing melted areas

2. Tests with DC direct heating, samples in vacuum and hydrogen solid source;
3. Tests with Ha/ N; 3% gas and DC direct heating (Figure 4);,

Figure 4 - Nickel resistor showing large melted areas

4. Tests in N, gas, solid source for the hydrogen and DC direct heating;
5. Tests done in air with DC/AC direct heating and the nickel resistor interposed between
two hydrogen solid source layers (Figure 5);

Figure 5 - Nickel resistor showing melted area
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6. Tests under vacuum, direct heating by high density current pulses (3x10° A/cm2) and

hydrogen solid source (Figure 6);

Figure 6 - Nickel resistor and underneath material melted

Heating | Sample Current | Hydrogen | Power | Amplification
method | Environment j‘jg;: source supply

Indirect Vacuum 0 Solid DC ~1

Direct Vacuum 5 10" Solid DC ~1

Direct Gas Hy+ N, 210° Gas DC >1

Direct Air/ N, 210° Solid DC/AC | >1

Direct Vacuum 310° Solid Pulse |>10

The above table summarizes the test conditions and resullts.

In conclusion, we succeeded in obtaining under vacuum, with low power-in and energy
pulses, what we obtained in DC power with a power twenty times higher. The common
parameter in the tests giving excess energy is the current density.

The energy amplifier device.

What we have described above allowed us to make an approximate evaluation of the
amplification factor. It is valuable only in the case of pulsed input power, when the energy is
lower than the energy necessary to induce the nickel and also the underneath polysilicon
heater melting. In the case of DC power-in, the amplification is not easily valuable because
the short duration of the excess energy production (needed to destroy the sample), hasn’t got
a corresponding time interval on which to integrate the input power energy calculation.
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Excess energy generator model.

The thermal behavior of the system can be evaluated using the electrical equivalent circuit
showed in the figure 7

I | S § | FRRSSSHET |

I Rth Ni-py Rth py-Si
Excess
Power : ’ : 4
Camaraion Pw-in Cth Ni Cthpy Cth Si Rth ZaT

Figure 7 — Electrical equivalent circuit

R I

Symbols legend:

Cth Ni = nickel layer thermal capacitance;

Cth py = polysilicon heater thermal capacitance;

Cth Si = silicon substrate thermal capacitance;

Rth Ni-py = PECVD silicon nitride layer thermal resistance;
Rth py-Si = silicon oxide layer thermal resistance;

Rth = silicon substrate thermal resistance;

TaT* = energy lost by irradiation;

The excess power generator represents the energy per second generated in the nickel layer
through the nuclear reaction chains induced by electron-proton interactions.

So let’s try to arrange on the basis of a very simple classical calculation a qualitative model
of the excess energy power generator.

Figure 8 - a small fragment of the nickel resistor can be schematized like a box.

The complete sample is 1cm long, 10 um wide, and .1 um thick; so in what follows we will
refer to these dimensions for modeling the microsystem thermal parameters (Figure 8).
Inside the nickel the electrons movement gives the current. The interaction we think is based
on nuclear chain reactions occurring when the electron-proton distance is less than the “r,
(2.5x10™" ¢cm) value (don Borghi theory). To calculate the number of interactions, we

proceed classically.

The charge “e” which moves with a speed “v” explores a volume 7 r,°v per second (o).
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The number of electrons pushed by the electric field in the unitary volume is:

1. &
n=—%—
e v
where
1 -19
o (e=1.6-10"C)

is the number of particles crossing each second the section “wh” of the nickel resistor, “IV”
is the time necessary to cross the length “I” of the sample and “¥”’ is the sample volume

(“Ihw77).
Hence:
V4 14 J-w-h £ F
n=—e =% ™ =
e v-w-h-{ e v-w-h-{ e-v

(where ] is the current density).
Multiplying the single particle explored volume by the number of particles per unitary
volume, we obtain how many times the unitary volume is explored each second (cm®/sec).

It is:
A
ev? e
To know the number of interactions per second we have to multiply the value above by the
number of proton targets in the unitary volume; this number is given by the molar
* concentration ratio <H/Ni> divided by the molar volume (of the nickel if we suppose it is not
changing too much after hydrogen absorption), multiplied by Avogadro’s number N,
(6.023x10%). (The molar volume is the atomic weight divided by the specific weight 58/8.9).

So the number of interaction per second and per unitary volume is:
Jo 8.9
——(H/Ni)—

T(HNVZN,

If each event is associated an energy “Ei” and the total volume of the sample is “V,;”, we
obtain a generator with power given by:

J
NEi:>£<H/Ni)% NV, Ei
e "

Ei can easily be closed to 1 Mev.
Before going to set the parameters in the equivalent thermal circuit, it is necessary to make a

hypothesis about how the cross section “c” may change with the temperature change. If we
consider that the temperature changes almost linearly, the electric resistance due to the
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increased collisions of the electrons with the lattice, in the same way we can consider the

[Ty ]

©” variation versus temperature’.
Hence: 6(T)=0,(1+aAT)

If, for a given sample, we set:

Eig, 89
ﬂ_ e 58 NaVoI

The generator power becomes:

P (JT,(H | NiY)= JB(+ aAT)(H/Ni)

For the sample used in most of our experiments B=1.8x 10™ (Wem?A™)

In the case of Ei = 1Mev, being J in the range of 2 — 4x10° A/cm’, even for <H/Ni> around
1/2000 the extra power is more than 1 Watt. This means that, without a suitable duty cycle
for the input power switching “J”, the sample can quickly reach a temperature of more than
1000 °C.

Results and Conclusions

The equivalent thermal circuit has been used to simulate the behavior observed during the
test in two different conditions and the fitting is very good. In one test an increase of 200 °C
has been observed driving the input power at 40 mW (average value) using 10 ps pulses and
1 KHz as frequency. The temperature rise is equivalent in our model to an extra power of
244 mW and a <H/Ni> ratio of 9.7x10; the power amplification considering only the power
input in the nickel (270 mW were supplied to the polysilicon heater) is about 6.

In another test, the input power was all supplied to the nickel using 10 ps pulses at a
frequency of 6 KHz with a current density of about 3x10° A/cm’ corresponding to an
average total power of about 500 mW. This second test produced the melting of nickel and
of the polysilicon underneath in large spots. A vergl conservative calculation of the excess
power in the melted spots gives a value of .77x10™ for <H/Ni> and a minimum of 3 as
energy amplification.

A new energy amplifier has been set up changing the thermal elements that in the previous
gave up the sample destruction at very low amplification levels. The new one is able to
dissipate several watts without exceeding 600°C. This condition will allow us to have longer
working time amplifying 20 times an input power of few hundreds mW. The proper
hydrogen concentration in the nickel will be achieved using a gaseous hydrogen source (pure
or diluted).
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The thermal equivalent circuit of the new samples to test the energy amplifier is shown in the
figure 9. The symbols meaning n this case is: Cth = total thermal capacitance; Rth = total
thermal resistance, because only a very thin dielectric layer separates the nickel from the
substrate.

—_
Excess =
Power ; 4
Generator Pw-in Cth Rth ZaT

Figure 9 — New samples electrical equivalent circuit
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Abstract

Excess heat was observed in the Pd|D,O electrolytic system using a Calvet type
microcalorimeter. It was found that the average excess power was 0.025 W over 79 hours
period. This result corresponds to a volume excess power of 8.75 W /cm’ Pd or a surface
excess power of 0.044 W /cm” Pd, and a specific excess heat of 2.48 MJ/cm® Pd or 228
eV/atom Pd. The current density and D/Pd ratio for excess power production were lower
than the recognized ‘threshold’ values 100-150 mA/cm? and 0.83-0.92 D/Pd, this indicates
that the critical requirement for reproduction of the anomalous heat can be ‘cut down’
using high sensitivity calorimetry. By comparison with that of the Pd|D,O system, no
anomalous excess heat was measured in the Pd/H,O electrolytic system within the
experimental uncertainty.

1. Introduction

Since the discovery of the anomalous excess heat in the Pd|D,O electrolytic system [1],
there have been continuing controversies on this result in the scientific community; one of
the problems is the calorimetric method. As predicted by Storms in an extensive review
[2], the isoperibolic calorimetry used by Fleischmann and other researchers introduces
some uncertainty and complexity, e.g. the problems of inhomogeneous distribution of
temperature in the electrolyte, recombination of D, and O, gas in the cell and effect of the
stagnant water layer at the cell wall on the thermal conductivity of the wall etc. Strictly
speaking, the isoperibolic calorimeter usually measures overall heat but not power at any
time in a process. Another widely using method in cold fusion experiments, the mass-flow
calorimetry, is adapted but not preferred means in power measurement at present. On the
other hand, the Calvet calorimetry has been used in thermokinetics for more than a half
century. It not only provides a high sensitivity but also depends weakly on the thermal
homogeneity (the isoperibolic assumption) in the measuring vessel. The great differences
between these three methods can be demonstrated by the magnitudes of the minimum
value of current density for excess heat production in the Pd|D,O electrolytic system.
Based on the results measured by the isoperibolic and mass-flow calorimetry, Fleischmann
et al [1], McKubre ef al/ [3] and other researchers all mentioned that the minimum current
density (known as the ‘threshold value’) is 100-150 mA/cm®. Nevertheless, Bush and
Lagowski [4], and our results showed that 10-50 mA/cm? is enough to produce excess heat
using the Calvet calorimetry. This fact indicates that the anomalous excess heat can be
easily detected, in other words the critical requirement for reproducibility of the anomalous
excess heat can be ‘cut down’, by using high sensitivity calorimetry.

Starting in 1989, our group has been continually involved in studying the anomalous
excess heat in the Pd|D,O (H,O) electrolytic system by the Calvet calorimetry [S] as well
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as some material and electrochemical characteristics of Pd|D (H) electrode [6]. In the
present paper, we report some of the result obtained in the last experiment.

2. Experimental

The electrolytic cell consisted of a glass vessel (inner ¢ 12 x 40 mm) and electrodes in
the LiNO;3 + D,0O solution as shown in Fig. 1. The cathode was made of a palladium wire
(¢ 0.2 x 50-90 mm, 99.9% purity) wound round a PTFE rod, each cathode end was spot
welded to two platinum leads (¢ 0.2 x 50 mm) for measuring atomic ratio of D/Pd by the
resistance method. The anode was made of a platinum wire (¢ 0.02 x 100 mm) wound

‘round another PTFE rod. All platinum wire leads were covered with thin-walled PTFE
tubes to minimize their contact with electrolyte and catalysis of D, + O, combination. Both
the cathode and anode were partially inserted in an appropriately machined PTFE piece,
which ensured good permanent positioning of the electrodes and fixed distance (ca. 2 mm)
between them. A diaphragm made of a PTFE plate with thin holes in it was used in the cell
to separate the cathode and anode compartments and to prevent from D, and O, gas
bubbles mixing. The 5 M LiNOs heavy water solution was prepared by dissolving LiNO3
(No. 3 reagent plant of Shanghai, AR) in D,O (Beijing chemical plant, 99.8% isotopic
purity). The cell was filled with about 2 ml of the electrolyte solution.

The electrolytic cell was coiled with an isolated resistance wire as a calibration heater
and placed in a stainless steel container (inner ¢ 16.9 x 60 mm). An appropriate amount of
silicon oil was filled in the space between the glass vessel and stainless steel wall for good
heat conductivity.

Figure 2 shows the experimental apparatus. A microcalorimeter, LKB 2107 made in
Sweden, was employed in our work, it is a kind of instrument used to determine the heat
flow evolved or absorbed in a process undergoing in a system and it is used widely in
thermokinetic studies. The overall thermal flux produced in the system converts to
electromotive force, and has a simple linear relationship to the output signal in voltage.
This sort of calorimetry avoids the problem of inhomogeneous distribution of temperature
in the isoperibolic calorimetry, and has much more sensitivity than the mass-flow
calorimetry. The effect of slight temperature fluctuation around the calorimeter is
eliminated by the twin cell design. The temperature in the air bath in which the calorimeter
is mounted was maintained at 40.00 + 0.02 °C.

With multiplexed computer data acquisition, the data associated with the input power,
output power and D/Pd ratio were displayed in real time on the computer monitor and also
stored on disc using a software package.

Finally, all electrolysis was carried out under the galvanostatic condition, the applied
current was typically between 25 and 30 mA, which was measured as a voltage drop across
a standard resistor. The light water solution was used in blank experiments for comparison.
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Fig. 2. Schematic diagram of the experimental apparatus.
3. Results and discussion

In order to verify the accuracy and reliability of the calorimeter, a number of calibration
experiments were performed with Joule heating after the temperature in the air bath and
calorimetric experimental zero were stable. It was found that the precision was better than
+ 2% with the applied power being just about that of the electrolysis and the device
constant did not change within the error 1% before and after the electrolysis.

A run of calorimetric experiment on the PdD,O (H,O) electrolytic system was always
carried out over several days. In general, the calorimetry on the electrolytic system lasted
about 20 hours. Between two calorimetric experiments, the calorimeter was calibrated and
heavy water (light water) was added into the electrolytic cell to compensate the D,O (H,0)
consumption in electrolysis and the evaporation in the gas stream escaping from the cell
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although the latter was very small.
The excess power is calculated from the input, output and water electrolysis powers:

P =P, +IV, =1V 1

out

where Py is the output power measured by the calorimeter; 7 is the applied current; V is
the measured potential drop across the electrolytic cell; Vi, is the thermoneutral potential in
the water electrolysis, Vi, = 1.524 and 1.478 V at 40 °C for D,0 and H,O, respectively.
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Fig. 3. Calorimetric results of Pd|(5M LiNOs + D,0) system, T = 40 °C, sizes
of Pd cathode: ¢ 0.2 x 91 mm.
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Fig. 4. Calorimetric results of Pd|(5M LiNO; + H,0) system, T =40 °C, /=25
mA, sizes of Pd cathode: ¢ 0.2 x 55 mm.

There have been seven runs of calorimetric experiment on Pd|D,O (H,0) electrolytic
systems being performed in two months period. Most of Pd/D,0 systems exhibited excess
heat in different magnitudes of excess power and sustaining time. Two runs of calorimetric
results throughout the experiments for Pd + D,0 and Pd + H,0 systems are shown in Figs.
3 and 4, respectively. Each figure shows the output power and excess power calculated
according to Eq. (1) in less than one-day period. The applied current, resistance ratio of
PdH, to Pd (R/Ry) and loading ratio of D/Pd are noted in each figure.

By Figs. 3 and 4, we find that both the D,O and H,O systems exhibit excess heat (ca.
500-800 J) at the beginning of electrolysis. Because it is greater than the enthalpy of
palladium deuteride (hydride) formation (< 5 J) and any chemical process associated with
LiNO; is endothermic, so we only attribute it to unknown chemical process, which needs
further research in future. Subsequently, both these two systems experience the trivial time
of no excess heat. The distinction between them appears at the latter time, we find the
excess heat is produced in the Pd|D,O system on the third day and it lasts for 4 days;
otherwise, the Pd|H,O system exhibits no any excess heat during the rest time and it also
provides a calibration for the calorimeter in some sense. These results clearly indicate that
the Pd|D,0 electrolytic system produces anomalous excess power.

For result in Fig. 3, the average excess power over 79 hours is 0.025 W which
corresponds to a volume excess power of 8.75 W /cm® Pd or a surface power of 0.044 W
/em® Pd. The maximum excess power shown in Fig. 3 is 0.035 W, the ratio of excess power
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to input power ranged from 48% to 83%. The overall excess heat corresponds to 2.48
MJ/cm® Pd or 228 eV/atom Pd which appears to be well beyond any chemical process can
be expected to release.

Our calorimetric results showed an excess power that was quite in line with other
positive results reported up to now. In particular, if we consider the excess power per unit
electrode surface area as a function of the current density, our result is beyond the general
behavior pointed out by Storms [2] by considering many calorimetric measurements on the
Pd|D;0 system in various laboratories. The applied current density for production of the
excess heat in Fig. 3, 44-53 mA/cm’, is lower than the ‘threshold’ value 100-150 mA/cm?
mentioned by Fleischmann, McKubre and other researchers [1,3,7]. However, it is
consistent with the result of Bush and Lagowski [4] who found 10-30 mA/ cm® is enough
to produce excess heat using the Calvet calorimetry. At the same time, the loading ratios
accompanying the excess heat production in Fig. 3 are between 0.51-0.68 D/Pd which are
lower than the ‘threshold’ value, 0.83-0.92 D/Pd, first mentioned by McKubre et a/ [3] and
Kunimatsu ez a/ [7]. Both results indicate the ‘threshold’ current density and D/Pd ratio for
anomalous heat production may be ‘cut down’ using a high sensitivity calorimeter. Of
course, our experiment was performed at a higher temperature (40 °C) than before used
(20-30 °C), this difference may cause the triggering condition of the excess heat being
modified. On the other hand, these results are qualitative and the quantitative relation of
excess power vs. current density and loading ratio needs further research in future works.
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ABSTRACT

My first three experiments conducted at NHE using the Fleischmann-Pons (F-P) Dewar type
cells investigated the Pd-Ce-B, Pd-B, and Pd-Ce alloy cathodes. Significant excess power was
produced from the cells using the Pd-B and Pd-Ce alloy cathodes. The Pd-Ce-B alloy, in
contrast, showed no measureable excess power effects. Previous experiments at China Lake
using similar Pd-B alloy cathodes prepared by the Naval Research Laboratory (NRL) produced
excess heat in seven out of eight experiments. The same Pd-Ce cathode that was used at NHE
also produced significant excess power in previous experiments at China Lake. Due to the
controversy over methods of data analysis for the F-P cells (see ICCF-5 Proceedings, 1995, pp.
105-115), I developed my own methods while at NHE. As I refined my methods for evaluating
the calorimetric measurements, they approached more closely the methods outlined by
Fleischmann and Pons in their Icarus Systems handbooks available at NHE. The method
previously developed by NHE for the analysis of the F-I* cells showed no excess heat for any of
these same three experiments. The major problem with the NHE method is that a single
calibration was used in determining the effective radiative heat transfer coefficient for the cell.
An incorrect heat transfer coefficient can readily confuse the excess heat effect with the
calorimetric error for the system. Calorimetric results for the same experiment using the NHE
method, my method, and the F-P method for data analysis are compared. The fact that the
alternative NHE method showed no excess heat for F-P cells illustrates the problem in
transferring calorimetric methods from one laboratory to another. The second laboratory often
fails to follow directions and makes changes that compromise the calorimetry. Similar
problems were encountered in the attempt to transfer the China Lake calorimetry to NRL, hence
excess heat was not observed.

INTRODUCTION

The New Energy Development Organization (NEDO) of Japan made it possible for me to return
to cold fusion and to perform calorimetric experiments for a five-month period as a Guest
Researcher at the New Hydrogen Energy (NHE) laboratory in Sapporo, Japan. Two types of
isoperibolic calorimeters were used in these studies (1) China Lake type calorimetric cells
where the heat transfer is mainly by conduction, and (2) Fleischmann-Pons Dewar type cells
where the heat transfer occurs mainly by radiation. The excess power measured at NHE in the
China Lake calorimetric cells has been reported elsewhere [1-5]. The focus here will be on
three experiments using Pd-Ce-B, Pd-B, and Pd-Ce alloy cathodes in Fleischmann-Pons Dewar
type cells. Previous experiments at China Lake using similar Pd-B alloy cathodes prepared by
the Naval Research Laboratory produced excess heat in seven out of eight experiments [6,7].
The same Pd-Ce cathode that was used at NHE also produced significant excess power in
previous experiments at China Lake [6,7]. The Pd-Ce-B alloy cathode prepared by NRL had
never been previously investigated.

* Present address: NAWC Weapons Division, Code 4T4220D, China Lake, CA 93555
USA Fax: (760) 939-1617. E-mail: milesmh@navair.navy.mil, melmiles@ridgecrest.ca.us
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EXPERIMENTAL

The Pd-Ce-B and Pd-B (0.5 weight % boron) alloy cathodes were prepared at the Naval
Research Laboratory [8], and the Pd-Ce alloy was obtained from Martin Fleischmann. In order
to test possible effects of different polishing procedures, the Pd-Ce-B sample was polished
using only silicon-carbide paper while the Pd-B sample was polished using normal NHE
procedures involving diamond paste. The third sample, Pd-Ce, gave excess heat in a previous
study at China Lake [6,7], but now contained a deep, long crack that was difficult to remove.
This sample was polished by NHE procedures to remove the crack, while the final polish used
silicon-carbide paper. The final dimensions of these three rods were 4.40x20.05 mm for the Pd-
Ce-B sample (V=0.305 cm’, A=2.92 cm?), 4.71x20.1 mm for Pd-B (V=0.350 cm’, A=3.15
cmz), and 3.16x19.54 mm for Pd-Ce (V=0.153 cm’, A=2.02 cm?). These cathode rods were
each spot welded on the side to platinum lead wires. Quick-setting Epoxy was used to cover the
spot weld area, the top of the cathode, as well as the end of the glass tubing containing the
platinum lead wire.

These electrodes along with the platinum anode cage structures were assembled in three similar
Fleischmann-Pons cells. The platinum wire spiral anode was supported by a thin Kel-F disk
containing glass rods at the base of the cell. Each cell also contained a resistive heater and two
thermistors (short and long). The long thermistor was positioned in the bottom part of the cell
above the electrodes while the short thermistor was located near the mid-point of the cell. The
top of each cell contained a special Kel-F plug cap which seals in all of the components which
protrude through it. This is to restrict all vapor to exit the cell strictly through the distillation
tube also mounted in the cap. For experiments involving boiling of the electrolyte, the vapor is
condensed and collected in a flask resting on an electronic balance. The Kel-F caps were sealed
to the Dewar cells using clear silicon rubber and cured overnight.

The three Fleischmann-Pons cells were placed in a large water bath containing a glass window
that allowed direct observations of the electrolysis. Each cell was filled with 90 cm® of 0.1 M
LiOD+D;0. The D;O used throughout these experiments was from Isotec, Inc. (99.9 atom %
D). The Dewar glass dimensions were 25.0 cm in height with the top 8.0 cm silvered. The
outside circumference of the Dewar cell was 13.3 cm with an inner diameter of about 2.5 cm. It
was determined that 82 cm® of the LiOD solution filled each cell to the bottom edge of the
silvered portion. This mark was frequently used to determine the amount of DO required in
refilling the cell. A special port in the cell top sealed with a solid glass rod was used to add D,0
with the aid of a graduated glass hypodermic syringe (5.0 cm’) fitted with a stainless steel
needle. An exact record was kept for all D,0O additions for each cell.

Each Dewar cell was connected to the Icarus 2.00 data acquisition system via eight connections:
anode, cathode, short thermistor (2), long thermistor (2), and resistive heater (2). The power to
each cell was controlled by its own potentiostat/galvanostat (Hi-Tek DT 2101) while a fourth
instrument supplied power to the resistive heaters in each cell. A reading for the cell voltage,
two cell temperatures, bath temperature, cell current, and time was recorded every 300 seconds
for each of the three cells. These readings were also shown in real-time on the console display.
This Icarus 2.00 system was similar to those used in earlier work in the IMRA-Europe
laboratory in France.

CALORIMETRIC EQUATIONS AND MODELING

The Dewar-type Fleischmann-Pons electrochemical calorimetric cells are silvered in their top
portions, thus heat transfer is confined almost exclusively to radiation across the lower, un-
silvered region. The calorimetric equations, therefore, are given by
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where
Py, = [E(t)-yER]I 2)
Pou = kg (740ell = T‘barh) (3)
Pga, = (W/F){[0.5 Cp,p2+0.25 Cp, 02+0.75 (P/ (P*-P))Cp,p20 »]AT 4)
+0.75 P/ (P*P)) L}
Poator = Cr,p20 @) [M*-(1+ ) (vit/2F) ] (@AT/dt)~(1+p) (H/2F)Cp, p20 ) "AT )

Excess power is represented by Py and the power added to the cell via the calibration heater is
given by Py. The silvering of the top portion of the cell results in a radiative heat transfer
coefficient (k) that is nearly independent of time. The thermoneutral potential (£y), the heat of
evaporation of D0 (L), each heat capacity value (Cp), and the vapor pressure of D;O (P) were
always calculated based on the measured cell temperature (7). The equations for these
temperature-dependent calorimetric parameters are presented elsewhere [6]. The faradaic
efficiency for the water electrolysis () was always unity based on the DO consumption.
Equations 1-5 are consistent with those reported previously by Fleischmann and Pons (9).

The use of Equations 1-5 to determine any excess power (Py) requires the accurate
determinations of two critical cell parameters: (1) the radiative heat transfer coefficient (kz) and
(2) the water equivalent of the cell (M °C,, p200)) where M °is the moles of D,O initially present
in the cell as well as at the refilled level. The values for A °is 4.97 moles of D,O for these
experiments. The actual value to be used for the water equivalent is increased somewhat by the
glass and other components of the cell. The accurate methods for determining these key cell
parameters are presented in detail elsewhere [10-12].

Due to the rather long time constants of these Dewar-type cells (90 minutes), the actual
temperature of the cell represents a large averaging effect for any variations in the power added
to the cell. Therefore, the data analysis for these cells must involve extensive averaging over
rather long time periods to accurately determine any excess power. For example, an
experimental variation of only +0.01°C in a single measurement of either the cell temperature or
the bath temperature produces a variation in Pear (Eq. 5) of £15 mW. This is due to the large
value of M C},p20.1) (450 J/K) multiplied by dA7/dt (+0.01K/300 seconds). Another variation
results from experimental fluctuations in the cell voltage due to gas bubbles. For example, a
change of +0.02 V in the measurement of E(?) in Eq. 2 at a cell current of 0.5 A will give an
experimental variation of £10 mW for the electrochemical power added to the cell. These
variations in the cell temperature, bath temperature, and cell voltage measurements can give
compound fluctuations of +40 mW in any measurement of excess power based on a single
point. Data averaging of all these measurements is an absolute necessity for accurate results
using the Fleischmann-Pons calorimetry. Generally, an 11 point running average of the cell
temperatures and voltages covering 55 minutes is used by Fleischmann [10-12].

RESULTS AND DISCUSSION

Due to the controversy involving NHE over methods of data analysis for the Fleischmann-Pons
Dewar type cells [13], I developed my own methods for evaluating the calorimetric
measurements. This report is based on my extensive notebook recordings of the cell
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temperatures, voltages, and currents from the console display during the workday at the NHE
laboratory. This data was further selected for periods of nearly steady state conditions
(dAT/dt=0) where the P, term (Eq. 5) is small. This minimizes errors due to the M °C, pzoq)
term. The NHE methods assumes a value of 490 J/K for M, p200) [13]. However, both
theoretical and experimental determinations yield a significantly lower value of 450 J/K for the
water equivalent of these cells [10-12]. Averaged values of dA7/dt (Eq. 5) were used in all
calculations. '

The main controversy involving NHE and Martin Fleischmann is the method of determining the
radiative heat transfer coefficient (kz) for these Dewar type cells [10-13]. The NHE method
relies on a single determination of kz based on the very first application of the resistive heater
(Day 3 for these experiments). Possible problems for this single determination of kx is that the
cell currents were much lower than normal (0.15 A) during this early stage of the experiments.
Cell temperatures, therefore, were also rather low during this period. Another problem is that
the time period of six hours for the application of the resistive heater was too short to establish a
good baseline due to the long time constant for these cells (90 minutes). Furthermore, any early
development of excess power and “positive feedback” would seriously compromise this single
determination of kz. This is indeed the case for the Pd-B study where both excess power and
positive feedback are present for the calibration period selected [10-12]. Any error in kg would
produce a shift in the baseline for zero excess power, thus real excess power would be readily
confused with errors in the calorimetry.

My method of data analysis for the Fleischmann-Pons calorimetry differs significantly from that
reported by either Martin Fleischmann [9-12] or by NHE [13] and is much simpler to
understand. It consists of the following steps:

1. Equations 1-5 are used exactly with all parameters calculated for the measured cell
temperature. Modern computers make this quite feasible.

2. Experimental values at nearly steady state conditions (dAT/dt=~0) are selected to
minimize errors due to the M ), paog term (Eq. 5). An estimated value of M C;, p200) is
calculated.

3. - The pseudo radiative heat transfer co-efficient (k ’z) is calculated from Eq. 1 by assuming
that there is no excess power (Py=0).

4. The actual radiative heat transfer co-efficient (kz) for the cell is determined by averaging
over a selected time period where &’z was high.

5. The value obtained for kg in Step 4 is used in Eq. 1 to determine the excess power for
each measurement. Averaging techniques for the cell temperature and cell voltage
improve the accuracy.

This method is based on the fact that any excess power in the cell will cause k 'z to decrease.
Time periods where & 'z remain high can then be assumed to represent actual periods of small or
zero excess power. This method can only underestimate the amount of excess power since the
value of kz determined will be too small if any excess power were actually present. This value
of kg represents an average of many measurements under typical cell operating conditions and is
related to the lower-bound value used by M. Fleischmann [10-12].

The use of this method for the Pd-Ce-B cathode suggests that the excess power, if any, is quite
small for this experiment. The average experimental error in & ' for the entire data set assuming
no excess power is only £0.93%. Using the time period between 1033800 to 2159400 seconds
(13 days) yields a radiative heat transfer coefficient of kx =8.46+0.06x10™* W/K* for the Pd-Ce-
B cell. This time period covers typical operating conditions for the cell (0.3-0.6 A). The value
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for kz was then used in Equation 1 to calculate the excess power for the Pd-Ce-B cell. The
results are shown in Figure 1.
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Figure 1. Excess power measurements for the Pd-Ce-B cathode.

The excess power is near zero during the entire 60 days of this experiment. The ratio of the
power out (Pt Px) to the power in (Pg;) for this experiment is X=1.00210.008, this there is no
average excess power effect within an error range of +0.8%. Improvements in this data analysis
would require the exact determination of M °C,, pso) for this cell as well as further averaging of
the cell voltages and the cell and bath temperatures. Extensive use of the daily application of
the resistive heater could lead to improved kz values for this cell, however, the six-hour heater
time period used by NHE is simply too short for establishing accurate baselines.

This same method of data analysis was applied to the Pd-B cell. The resulting radiative heat
transfer coefficient for the Pd-B cell was kz =8.11+0.10x10™"° W/K* using the time period of
2847900 to 3973800 seconds (13 days). The excess power that is calculated from Equation 1
using this & value is shown in Figure 2.
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Figure 2. Excess power measurements for the Pd-B cathode.
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Figure 2 shows two different episodes of significant excess power production for the Pd-B cell.
The excess power reaches levels exceeding 200 mW or 0.6 W/cm®. For the first significant
episode of excess power near 1500000 seconds, the applied cell current was typically near 0.5 A
with an input power of 2.6 W and a cell temperature of 50°C. For the second large episode of
excess power at 4500000 seconds, the applied cell current was again near 0.5 A, but the input
power was now 3.7 W with a cell temperature of 60°C due to the passivation of the electrodes.
The cell currents were generally in the range of 0.4 — 0.6 A during these experiments. This
study indicates that the NHE polishing procedures do not hinder the production of excess heat.

The Pd-B results in Figure 2 show periods where the excess power becomes more negative than
50 mW. The presence of excess power during the period selected for the evaluation of the
radiative heat transfer coefficient would result in a k value that is too small, thus negative Py
values would be expected. A detailed evaluation of the experiment by Martin Fleischmann
using the entire data set yields a value of kz =8.5065x10™ W/K* with M C;, p91) = 450 J/K [10-
12]. The use of these cell parameters eliminates negative results for the excess power.
Furthermore, the actual excess power shows the same general trends as in Figure 2, but the
excess power is significantly higher [10-12]. The boil-off phase for this experiment yields large
excess power effects in the range of 3 to 27 W/cm® [10-12].

The flawed NHE method [13] applied to the Pd-B data yields a value of kz =7.93504x10™'°
W/K* that is much too small. This produces large oscillations in the excess power centered
around zero that are confused with errors in the Fleischmann-Pons calorimetry. This single
determination of kz based on the first application of the resistive heater is obviously incorrect.
Numerous serious errors in the NHE method for this experiment are documented elsewhere [10-
12].

The same method of data analysis applied to the Pd-Ce cell also shows the presence of excess
power. The radiative heat transfer coefficient obtained for this cell was kz =8.00+0.08x10'°
W/K* using the time period of 1033800 to 1381800 seconds (4 days) involving cell currents of
0.3t0 0.6 A. The excess power that is calculated from Equation 1 using this &z value is shown
in Figure 3.
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Figure 3. Excess power measurements for the Pd-Ce cathode.

The Pd-Ce alloy began producing significant excess power after fifteen days of electrolysis and
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gave a fairly steady level of about 100 mW with a peak of 250 mW (1.6 W/cm®). A negative
episode of excess power exceeding SO mW suggests that the value for 4z and hence the excess
power is actually larger. The flawed NHE method [13] applied to this same data again shows
no excess power and large calorimetric errors. An incorrect determination of kz has once again
confused the excess heat effect with calorimetric errors. The precise analysis of this data by
Martin Fleischmann is in progress [14].

The fact that the alternative NHE method [13] shows no excess heat for the F-P cells used in
these experiments illustrates the problem in transferring calorimetric methods from one
laboratory to another. The second laboratory generally does not understand the system, fails to
follow directions and makes changes that compromise the calorimetry. Similar problems were
encountered in the attempt to transfer the China Lake calorimetry to the Naval Research
Laboratory. The NRL laboratory scaled up the size of the system, added extra lead wires for
loading studies, failed to average the data, and had poor room temperature control, thus their
calorimetric error soared ten-fold to £200 mW [8]. The excess power for the Pd-B (Fig. 2) and
the Pd-Ce (Fig. 3) cathodes would not be detectable using a calorimeter with an error of +200
mW. A general rule for excess heat measurements is that the calorimeter must be capable of
detecting 1 W/cm® based on the volume of the cathode. Typically, the calorimetric error must be
less than +20 mW for these studies.

SUMMARY

The Fleischmann-Pons calorimetry requires the accurate determination of the radiative heat
transfer coefficient, kz, and the water equivalent of the cell, M°C, pzos). The alternative NHE
method [13] is a complete failure in the accurate determination of kg, thus excess heat is
confused with the calorimetric error for the system. These new experiments using palladium
alloys in F-P Dewar type cells show significant excess power for Pd-B and Pd-Ce alloys.
Previous China Lake experiments [5] also showed excess heat for these materials. My
simplified method of data analysis for the Pd-B experiment shows the same general pattern for
excess power as found in the more detailed and more accurate methods used by Martin
Fleischmann [10-12].
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I. ABSTRACT.

The publication of the Final Report of the New Hydrogen Energy (N.H.E.) Group on their
investigations of the Pd/D systems ( 1 ) prompts us to analyse a number of experiments
carried out with the ICARUS Systems (2), (3). As the reproducibility of such experiments
remains low, our analyses rely on a series of “Case Studies” which use appropriate parts of
the methodologies developed for these systems (2), (3) (see) also (4), (5),(6),(7),(8).

In this paper we present selected parts of such “Case Studies for two experiments carried
out in the N.-H.E. Laboratories; full details will be given elsewhere (9). The first
experiment, designated as FP2 - 9506203 - 556! used a 2mm diameter x 12.5mm length Pd
cathode supplied by the IMRA-Materials Laboratory; the second FP2-97120402 - M7C2,
was carried out by one of us (M.H.M.) also in the N.H.E. Laboratories. This experiment
used a 4.75mm diameter x 20.1mm length Pd - 0.5%B cathode (prepared by M.A.L in the
Naval Research Laboratory, Washington, D.C.). Contrary to the conclusions reached in
the N.H.E. report (1) we find that these experiments show ‘“Heat-after-Death” and excess
enthalpy generation at temperatures close to the boiling points of the electrolytes. The
experiment using the Pd-B cathode also shows excess enthalpy generation in other
temperature regions as well as the very early development of “positive feedback” (compare
(10),(11),(12)). Such “positive feedback™ complicates the analyses of the experiments.
The “Case Studies” of these experiments also lead to the identification of errors in the
execution and analyses of the experiments carried out by the N.H.E. Group.

2. EXPERIMENT DESIGN AND RESULTS.

In common with other experiments carried out in the N.-H.E. Laboratories, measurements
were made using an ICARUS-1 type Calorimeter illustrated schematically in Fig. 1 Figs 2
and 3 show respectively the “raw data” for an early stage and part of the final day of the
measurement sequences for the experiment with the Pd-cathode; Fig 4 gives these data for
the key day of operation of the experiment with the Pd-B cathode. We note that
experiment FP 2-9506203-5661 has been carried out in accord with the instructions for the
ICARUS Systems (2), (3) in that the measurement cycles lasted 2 days. This allowed the
use of calibration pulses of 12-hour duration (see Fig 2) leading to the complete relaxation
of the temperature perturbations. However, the majority of the experiments carried out in
the N.H.E. Laboratories used measurement cycles lasting just | day such as those illustrated
in Fig 5.



Data acquisition was carried out with an ICARUS-2 type system (3). However, as far as
experiment FP2-9506203-5661 is concerned, it appears that the software controlling the
data acquisition computer has been rewritten because the times for measurements with the
“short thermistor”, Fig 1, do not coincide with those for the “long thermistor” (which
themselves coincide closely with those for the measurements of the cell current, cell
voltage and bath temperature). This change is not crucially important for the preliminary
data analyses described in this paper (except for the loss of redundancy in the
measurements and, especially, for the evaluation of the evaporation to dryness on Day 29
of the experiment) because the synchronised data are sufficient to allow such analyses. A
more serious matter is the loss of synchronisation of the calibration pulses, Fig 5. In
consequence, the data evaluation must be restricted to the differential heat transfer
coefficients determined locally e.g. [kﬂ']]ll and [kg],, . The more precise integral heat
transfer coefficients (e.g. [ka],, and [kgl;,and accurate integral heat transfer coefficients
(e.g. [ké]nand [k‘{]_‘2 ) will have serious errors unless this loss of synchronisation is taken
into account 9); this applies especially to the true heat transfer coefficient, [kr’(] 32 » Which
we believe has been used extensively in the interpretations carried out by the N.-H.E.
Group.

3 DATA EVALUATION FOR EXPERIMENT FP2-9506203-5661

3A. THE DIFFERENTIAL LOWER BOUND HEAT TRANSFER COEFFICIENTS
FOR DAYS 5-26.

The first stage in the ICARUS data evaluation scheme is the examipation of these
coefficients, designated as [kg],,. and of the relevant 11-point means, [kR‘]"of [k, see
e.g. (4), (5), (10), (11),(12). Here we assume initially that there is a zero rate of excess
enthalpy generation, hence [kR']" is a lower bound. The development of excess enthalpy
generation is then shown by falls in [kn'] ; conversely decreases in excess enthalpy
generation are shown by increases in [k Rl]“; see e.g. (8). It will be evident that if there is
no excess enthalpy generation (e.g. in suitable “blank™ experiments), then [kR']“ will be
identical to the true heat transfer coefficient, [k,{]12 , obtained by applying appropriate
calibration pulses. We believe that this condition applies to the major part of experiment
FP2-9506203-5661 viz. to Days 5 - 26 (9).

The coefficients [kR']“ discussed in this paper have been obtained in a second cycle of
calculations where the first cycle leads to the water equivalent to be used in this second
cycle. The need to use such a second cycle will be discussed elsewhere, (9); we note that
this procedure does not appear to have been followed in the evaluations carried out by the
N.H.E. Group.

We also note that the expected value of the water equivalent is in the range 450-460 JK"- 1
whereas the measured values are in the range 490- 525 JK”-1. We take this increase to be
due to the “overfilling” of the cells with electrolyte and/or D,0 which must have contained
~6 Moles of D,0 rather than the ~5 Moles as given in the instructions for the ICARUS
Systems (2), (3). This “overfilling”, which is also indicated by the rise of [k R"_]" for the
initial stages of the measurement cycles, Fig 6 (see also (9)), must be taken into account in
the analysis of the “evaporation to dryness” on Day 29 (see Section 3C below).

The lack of control in the replenishment of the D,0 content of the electrolyte is also shown
by the variability of [kn']n under nominally identical conditions. Thus the extrema of the
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behaviour for the polarisation carried out at a cell current ~ 0.5A shows a 0.36% change in
[kR‘]” This is outside the error limits specified for the ICARUS Systems.

Fig 6 shows that the derived values of [kR’],, vary with the cell current; we see also that
these values are much larger than those calculated using the Stefan - Boltzmann coefficient
and the radiant surface area (this is especially true of the values determined at the higher
cell current). Furthermore, close inspection of the data on expanded scales, e.g. Fig 7,
shows that there are changes in [k;/], during the application of the calibration pulse, for t, <
t < t,,as compared to the behaviour for t<t, and t >t,. All these facts show that
either or both of the input enthalpies to the cell and heater are in error : the test for the
absence of such effects has always been used for assessing the satisfactory execution of the
experiments, (13). We believe that all these observations can be explained by power
dissipation in the leads external to the cell due to the use of the wiring supplied for the
ICARUS-1 Systems (2) to connect the cells to the ICARUS-2 VERSION (3).Fig 8 A shows
the effects of including an 1 Ohm lead resistance in the current leads external to the cell
(this resistance is the median value of the lead resistances supplied with the ICARUS-1
Systems). It is evident that the values of [K;/],,determined at the two cell currents are now
in reasonable accord and, moreover, that these values are close to those predicted from the
Stefan-Boltzmann coefficient and the radiant surface area. However, we also note that the
errors introduced by the mismatch of the enthalpies delivered to the cell and heater now
have the opposite sign to those in Fig 7. It is evidently necessary to correct also for power
losses in the leads to the calibrating heater and Fig 8B shows the effects of including an 1
Ohm resistance in these leads. The offset seen in Fig 8A can be seen to be reduced,
however, a complete cancellation of this offset requires us to assume a resistance of 2.5
Ohms in these leads, Fig 8C, and this particular value also removes the offsets throughout
the measurement sequence. However, such an high value of the lead resistances is
unlikely and it may well be therefore that the eathalpies delivered to the calibration heater
were lower than those given in the “raw data” for this experiment. A further discussion of
these particular aspects will be given elsewhere (9).

We note finally that the inclusion of the power dissipation in the external wiring in the
enthalpy input to the cells leads to an overestimate of [kR‘],,by ~ 5% (and the raising of the
errors in the precision of [kR']” from 0.1 to 5%). It is possible that these errors are the
principal cause of the observation that [k ],,can exceed the true value [kg],, (1) although
there are further factors which can lead to the underestimate of [kR']|19), (14).

The further discussion of this particular experiment given in this paper will be based on the
uncorrected values of [k R']” as the corrections of the “raw data” for unknown external
resistances can hardly be justified (however, see Sections 3C and 3D).

3B. THE DIFFERENTIAL LOWER BOUND HEAT TRANSFER COEFFICIENTS FOR
DAYS 27-28.

The operation of the cell on Days 27-28 has been excluded from Section 3A principally
because [k ,{]lphows a significant fall with time during this penultimate measurement cycle
(9). Such decreases are due to the development of excess enthalpy generation as the cell
temperature increases. However, Fig 9 shows that the derived values of [kR],,now become
sensitive to the atmospheric pressure (due to the sensitivity of the enthalpy of evaporation
to this variable as the temperature increases). Unfortunately, it appears that the on-line
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pressure sensor supplied with ICARUS-2 was disconnected so that it is not possible to
evaluate this measurement cycle with complete certainty. However, increases of
[kR]ll with time can be excluded as the surface area available for heat transfer decreases
with time (compare Fig 8). It follows that value of the atmospheric pressure P* > 1 must
be excluded. The atmospheric pressure which must have applied to the operation of the
cell towards the end of Day 28 can be specified more closely by considering the
evaporation to dryness on Day 29 (see Section 3C). The cell is driven to dryness at 23,000s
after the start of the measurement cycle and we can therefore determine the value of P*
required to achieve this condition at this time (9). This pressure lies between 0.975 and
0.980 Ats which thereby also determines  the variation of [k, ],,with time, Fig 9.

3C ENTHALPY BALANCES AND RATES OF EXCESS ENTHALPY GENERATION
FOR t <23,000S OF DAY 29

The most direct way of estimating these quantities is illustrated in the Tabulation, Fig 10,
which gives directly the excess enthalpy required to achieve complete evaporation of the
D,0 content of the electrolyte. If we assume that this is generated at a constant rate, we
then arrive at a mean rate of excess enthalpy generation. It is important to realise the this
calculation is quite independent of all the information required for the calculation of the
time dependence of the rates of excess enthalpy generation, see the Tabulation in Fig 11,
except for the need to specify the volume of electrolyte in the system (a minor correction
required is that for the variation of the enthalpy of evaporation with concentration). The
calculation has therefore been given for the nominal cell contents of 5 Moles as well as for
6 Moles of D,0. We believe that the actual volumes are closer to the latter rather than the
former figure 1n view of the evident “overfilling” of the cell.

It will be seen that the Table given in Fig 10 also contains a second estimate in which the
enthalpy input to the cell has been corrected to allow for power dissipation in the external
leads (see Section 3A) together with a correction to the heat transfer coefficients. The
excess enthalpy terms are not markedly affected by these corrections i.e. the estimates are
“robust”.

The simplicity of this calculation must be contrasted with the complexities of calculations
of the variation of the rate of excess enthalpy generation with time, Fig 11. Such
calculations have been carried out so far within the framework of “ideal solution theory”
which may not be adequate for the concentrated electrolyte developed in the cell. Detailed
calculations will be presented elsewhere (9); however, we note here that it is impossible to
achieve a satisfactory interpretation of the evaporation to dryness for any plausible values
of the reflux ratio while in the absence of reflux, the rates of evaporation require negative
rates of excess enthalpy generation at long times, a behaviour which is forbidden by the
Second Law of Thermodynamics. We believe that these contradictions are due to errors in
the concentration and volume of electrolyte. Furthermore, the “long thermistor” and Pd
cathode may not have been in the positions shown in Fig | which are required to allow the
evaluation of the data during evaporation to dryness.

In view of the uncertainties in the interpretation of the data at long times for Day 29, we

have evaluated the rates of excess enthalpy generation shown in Fig 13 at times t <
10,000s.
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3D HEAT-AFTER-DEATH ON DAY 29 FOR t >23,700s.

The cooling of cells following evaporation to dryness is possibly the simplest calorimetric
experiment which can be devised for “Cold Fusion™ Systems (4), (5),(15). There is now no
thermal input to the cell and no evaporative cooling so that the interpretation of such
experiments is especially straightforward.

Inspection of the cooling curve for t > 23,700s, Fig 3, shows that this cannot possibly be
explained by the cooling of an empty cell with the heat transfer coefficient which applies
to such cells (15): the rate of cooling is too slow which can only be explained by enthalpy
generation in the system. Fig 12 compares the behaviour derived from the cooling curve
shown in Fig 1 with that predicted in the absence of excess enthalpy generation.

The rates of excess enthalpy generation can evidently be derived from the difference
between the radiative output from the cell and the change in enthalpy content of the
calorimeter. Fig 13 shows the relevant data and it appears that at t = 0 for the cooling
curve (i.e. at 23,700s) the rates lie between those calculated for the cell filled with
electrolyte for P* = 0.985 and P* = 0.980 Ats. (see Section 3C).

4 DATA EVALUATION FOR EXPERIMENT FP2 - 47120902-M7C2.

Pd-B alloy electrodes of the type used in this experiment had been shown to give excess
enthalpy generation in previous experiments (16), (17). An evaluation of the experiment
discussed here but using a different methodology has also been presented at ICCF-8 (18)
while full reports of the ICARUS - type analysis will be given elsewhere (9), (19), (20).

Comparison of the “raw data” for the experiment with the Pd-B cathode, Fig 4, with those
for the Pd cathode, Fig 2, shows that the approach to the steady state is delayed for the
former electrode following the application of the heater calibration pulse. This is an
immediate indication of the onset of “positive feedback™ an increase in the rate of excess
enthalpy generation induced by the increase in the cell temperature, here due to the
imposition of the calibration pulse (compare e.g. (12)).I1t is of special interest that such
“positive feedback” develops at such an early stage of the experiment. However, it is not
possible to determine at the present time whether this effect is a general feature of the use
of Pd-B alloys.

The presence of “positive feedback” greatly complicates the evaluation of the data because

it is not possible in general to calibrate “closed loop” systems in the presence of such
feedback.

4A. THE N.H.E. EVALUATION

The Group at N.H.E. have quoted a single value of the “true heat transfer coefficient [k i1,
=0.793504 x 10"- 9 WK"-4 | on Day 3 of this experiment (i.e. for the data in Fig 4) and
have used this value for all further evaluations. The magnitude of the calibration pulse, AQ
~0.2500W during t,< t <t, has also been excluded in the calculations; furthermore, the
water equivalent 490 JK”-1 contained in the original parameter listing for the ICARUS-
Systems (2),(3) has been used throughout rather than to revise the value to that applicable
to this experiment.

We arrive at the data shown in Fig 14 and can identify an immediate shortcoming of the
procedure used by N.H.E.: it is not possible to determine whether [k/],, during t, <t <t,
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falls on the same straight line as the values for t <t,and t >t, (compare Fig 7).
Proceeding further with the N.H.E. style analysis we derive the rates of excess enthalpy
generation shown in Fig 15. We can see that this evaluation must be subject to one or
several errors. In the first place, it is not possible for the cell to be endothermic during t, <
t and t >t, as the endotherminity of the cell reaction has already been fully taken into
account by using the thermoneutral potential. Secondly, we note that it has been
maintained (21) that the N.H.E. methodology recovers the magnitude of the heater
calibration pulse, AQ, during t; < t <t, together with any rate of excess enthalpy
generation. Fig 15 shows that this is incorrect. The values of the rates of excess enthalpy
generation are smaller than AQ if we fix the base-lineat Q . = 0. If we fix the base-line
at the level of the negative rate of excess enthalpy generation tort <t , then Q ..., > AQ
during t, < t < t, . The methodology used by N.H.E. can, in fact, only be used under an
highly restricted range of conditions which do not apply to this particular measurement
cycle (14).

4B THE ICARUS-TYPE EVALUATION.

In view of the very early development of “positive feedback” we can only evaluate the
“true heat transfer coefficient, [k R’],z“ at times close to t ; . Such an evaluation shows that
[k ¢],,must be at least 0.83808 x 10"-9 WK"-4 while the water equivalent, 454 JK-1, is
close to the expected value. Use of this value and inclusion of A Q in the enthalpy input to
the cell gives the variation of [k R']lyvith time shown in Fig 16. The fact that the application
of the calibration pulse leads to a build up of excess enthalpy generation (and hence to a
fall of I:kk‘]ll ) can now be clearly seen : (more complete discussions will be given in (9),
(19) and (20).

In view of the intervention of “positive feedback”, we are unable to apply the methodology
for the evaluation of the “integral lower bound heat transfer coefficients, [k g1, and [k,
as well as of the “integral true heat transfer coefficients, [kR‘]nand [kR'] 5, in the manner set
out in the Handbooks (2), (3). However, as the effects of “positive feedback™ are relatively
small and confined in the time-domain, Fig 16, we can include the additional rates of
enthalpy input in the integral of the total enthalpy and evaluate the target “true integral
heat transfer coefficient, kR‘]m as well as the water equivalent, Fig17. We obtain the
values [kn']ssz: 0.85065 x 10"-9 WK"-4, water equivalent = 450 JK*-1 .However, we note
here that in general the coefficient [kR']m, based on the backward integration of the data
sets, is to be preferred to [k R’] 35, Which 1s based on forward integration (9), (14), (19), (20).
In view of the fact that this evaluation of the “true heat transfer coefficient” requires a
special approach, it is necessary (and advisable) to investigate whether the value can be
confirmed using other parts of the experiment. One such confirmation can be obtained
from the initial parts of the experiment where the rate of any excess enthalpy generation
must be small. In this region we can show that the maximum value of [kR']” is closely
similar to [kR']_,,52 (9), (19), (20) (compare (4), (5)). A second confirmation can be obtained
on Day 61 where we must again have a low rate of excess enthalpy generation (see Section
3C). In this case we find that [k /], agrees with the value of [k /], determined above
together with the time-dependence of [k R’]" as given by appropriate “blank™ experiments
(8), (14).

4C. ADDITIONAL COMMENTS ON THE RATES OF EXCESS ENTHALPY
GENERATION.
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Fig 18 gives the rate of excess enthalpy generation determined with the correct value of the
“true heat transfer coefficient”. The near zero value for t < t, , the build-up due to
“positive feedback” during 1,< t < t,and the relaxation of this effect fort > t,can now
be clearly seen.

Fig 19 gives the corresponding plot evaluated by analogy to the procedure used by the
Group at N.H.E. The near zero rate fort < t,, stepsof Q=0.25Watt=t, and

t = t,, the build-up of excess enthalpy generation during t ;< t < t, and the decay for
t > t,are now evident.

Fig 20 gives the integrals of the rates of excess enthalpy production for the whole of the
experiment when using the heat transfer coefficient determined by NH.E. The large
negative excess enthalpies are clearly not acceptable as they violate the Second Law of
Thermodynamics.

Fig 21 gives a plot corresponding to Fig 20 but based on the true heat transfer coefficient
evaluated in the present report. We can see that the negative excess enthalpies are now
eliminated.

4D THE BEHAVIOUR ON DAY 68: EVAPORATION TO DRYNESS AND HEAT-
AFTER-DEATH.

The analysis for the period 0 <t < 21, 300s during which the cell is driven to dryness is
similar to that presented in Section 3C and will be presented elsewhere (9), (14), (20).

The analysis of the cooling curve for the period 21,300s < t < 86,400s is similar to that
which has been given in Fig 12 except that it is necessary to allow for a low level of
enthalpy input from the Galvanostat during the initial part of this period. Fig 22 shows the
specific rates of excess enthalpy generation as the cell is being driven to dryness as well as
during the observation of Heat-after-Death. As for the case of experiment FP-9506203-
5661, Fig 13, it appears that the rates converge to a common value in the region where
dryness is achieved

The full discussion of this experiment (9), (19), (20), will also comment on other periods
during which it is possible to observe Heat-after-Death. This includes the period 2,400s <
t < 32,400s during which the cell was disconnected from the Galvanostat and the period
Day 25 + 76,300s < t < Day 26 + 22,300s during which there was a marked reduction in
the cell current (the conditions follow Scenario 1 for the observation of Heat-after-Death
(6), (7)). This period of operation is of special interest because the rate of excess enthalpy
production exceeded the rate of enthalpy input to the cell.

5. CONCLUSION.

The two experiments used to illustrate this paper show all the features to which we have
previously drawn attention: excess enthalpy production in Pd-based cathodes charged with
deuterium, “positive feedback”, evaporation to dryness, Heat-after-Death. The results
obtained contradict those reported by the group at N.H.E. and it is therefore important that
this group should present a detailed evaluation of these (and other!) experiments.

The results obtained also demonstrate the need for adopting a flexible approach to the
evaluation of data.
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We believe that the observations of Heat-after-Death are of special significance because
they point the way towards the construction of energy efficient systems based on
electrochemical charging. One of the shortcomings of research hitherto has been the
failure to integrate this phenomenon into the methodology. We note also that any future
work on this aspect should take due account of the long term maintenance of enthalpy

production at zero enthalpy input provided the systems are maintained at elevated
temperatures (22).

References

1) Information about this Report is available in Infinite Energy 30(2000)

2) Hand book “ICARUS” Isoperibolic Calorimetry ;Acquisition, Research and Utilities
System “Version 1, Low Power Measuring System for Three Cells, December (1993),
Technova Inc., 13" Floor, Fukoku Seimei Building , 2-2-2 Uchisaiwai-cho, Chiyoda-ku,
Tokyo 100,Japan.

3) Handbook: “ICARUS 2”: Isoperibolic Calorimetry: Acquisition, Research and Utilities
System” Version 2.00 February (1995), Technova Inc., 13" Floor, Fukoku Seimei
Building, 2-2-2 Uchisaiwai-cho Chiyoda-ku, Tokyo 100, Japan.

4) Martin Fleischmann and Stanley Pons, Proceedings of the Third International
Conference on Cold Fusion, Editor ; H. Ikegami, Universal Academy Press, Frontiers of
Science Series no 4 (FSS-4), ISSN 0915-8502, ISBN 4-946443 -12-6 (1993) 118.

5) Martin Fleischmann and Stanley Pons, Phys. Lett. A 176 (1993) 118

6) S. Pons and M. Fleischmann, Proceedings of the Fourth International Conference on
Cold Fusion, EPRI TR-104188-V2 (1994) page 8-1

7) S. Pons and M. Fleischmann, Trans. Fusion Technology, 26 (1994) 87

8) Martin Fleischmann, Proceedings of the Seventh International Conference on Cold
Fusion, ENECO Inc., Salt Lake City, U.S.A. (1998) 119

9) M.H. Miles, M.A. Imam and M. Fleischmann, to be published

10) M. Fleischmann, S. Pons, Monique Le Roux and Jeanne Roulette, Proceedings of the
Fourth International Conference on Cold Fusion, EPRI TR-104188-VI (1994) page 1-1

11) M. Fleischmann, S. Pons, Monique Le Roux and Jeanne Roulette, Trans. Fusion
Technology, 26 (1994) 323.

12) M. Fleischmann, Proceedings of the Fifth International Conference on Cold Fusion,
IMRA Europe SA, Valbonne, France (1995) 140

13) Report on the First Set of Experiments carried out under the NEDO / NHE Project at
the Sapporo Laboratories, June 1994

14) Second Report on the Experiments carried out under the NEDO / NHE Project at the
Sapporo Laboratories, December (1994)

15) S. Pons and M. Fleischmann, Trans. Fusion Technology 26 (1994) 87

16) M.H. Miles, B.F. Bush and K.B.Johnson, “Anomalous Effects in Deuterated Systems”,
NAWCW PNS TP 8302, September (1996)

17) M.H. Miles and K.B. Johnson, in “Progress in New Hydrogen Energy”, Editor : M.
Okamoto, Proceedings of ICCF-6, Vol. 1 (1996) 20

18) M.H. Miles, Proceedings of ICCF-8, (2000)

19) M.H. Miles, M. Fleischmann and M.A. Imam, “Calorimetric Analysis of a Heavy
Water Electrolysis Experiment Using a Pd-B Alloy Cathode”, NRL Report (in press)

112



20) S. Szpak, M. Fleischmann, M.H. Miles, S.R. Chubb and T.A. Chubb, “The behaviour
of the Pd / D System : A Decade of Research at Navy Laboratories” NRaD Report (in
press)

21) Toshiya Saito, Masao Sumi, Naoto Asami and Hideo Ikegami, Proceedings of the Fifth
International Conference on Cold Fusion, IMRA Europe S.A., Valbonne, France (1995)
105

22) G. Mengoli, M. Bernardini and G. Zannoni, J. Electroanal. Chem., 444 (1998) 155

cathode connection
gas outiet
anode connection thermister connections. Cell Voltage / V
-1 -1
3 3 d §
kel closure
NN A ST g
]
H
— lovel 3
F2em— F
L—— sitver mirror E
5l
s
b
vacuum jacket —— k1
Ll
t— short thermistor 2
<
o
<
a
2
E3
o 2
|1 g metal film ~
capillary shiskds < [ resistance heater 2
.
S
long
[— cathode
‘anode
t—— kel support plug
Do/ Mmusadmay 1)

Fig 1 ICARUS-1 type cell; disgram appreximately to scale

113



1= VIM06p = JUIEAIRDS sEM

71 01 [ PUS Q[ 0} 6 SAB( 10} MUIAIYJID IISULL] JEIY PUBOG JIMO| USIW 3L 9 31

spmty

000091 000021 20008 iton

.. . -
se *%eu®,e % .« ® = .o

v
vie vy
v v v
vor
Y v
YIVO YNy Ny Ve vV vRiv, v o
v v,

v

4 Jo suwaw juiod-/-10-9 @:v 50~ ¥ (3ua101y300 J3jsury) 163q punoq Jamo))
& Jo wuwom juiod-L-10-9 B V701 1% (uatIYI03 J9jsuEL} 183G punoq JIMmof) L J

Cell Voltage / V

v e’
v .,

e

4.65
4.60

9 g
< <

445
4.40

r303.0
3025
P_
N
3015
301.0
300.5

45000

N/ Mmmdud | 1R)

- M / IUAIYI0D JIJSURL) J8IY PUNOG JIMO] 6,01

Fig 4 Cell temperature and cell voltage for day 3 of FP2-97120402-M7C2

Cell Temperature /°C

u._-._!.u-s__ﬂx.sselui.ii.$§3sﬁsn_$€i!liliiﬁn!u

spmy

0085y 009y 00voY
L = o > -
.
.
+56°09 SL'6S
sU'I9 $6'65 1
-
SET19 a " = a e = . S1'09+
0008 00653 009v8
$00L'E7 1¢ MUAIP {1995-0079056-Td A 40} (Jormua) 3uoy,,) umusadma |RD) € 34
spmn ]
00087 000¥7 00007
L Y
teeievieey e
.
o . ot
-
*
. 05
.
o
.
06 4

0000000000000 0000000000000

Do/ amissadma) |p)

Do/ 2ampnsadmd) 1RO

114



STI

109 (lower bound heat transfer coefTicient) / WK" 4

1079 lower bound heat transfer coefficients / WK"- 4

.
.
= -
0.820 e, @
.
L
.
.
oo,
.o
0816 LW coe,,
oot .
. ‘..
00‘
.
.o
e,
Time/s _se
L s 120000 160000 *
0.812
' Fig7 The ceatral region for days 13 to 26
Symbols as in Fig 8A
x
x . xx
kg
~/ xx 2xx ¥
x e
x x‘ =
xx x
"
x
0.752
40000 80000 120000 160000
Time/s

Fig 8B The mean lower bound heat transfer coefficieats for days 9 to 10 and 11 to 12;
10hm resistance in current and heater leads.

1079 lower bound heat transfer coefficients / WK”- 4

1079 lower bound heat transfer coefficients / WK"- 4

o® @ (lower bound heat transfer coefficient) at 1-0.2A; @ 6-or-7-point means of ¢
il le x 0.4
0764 * % time scale x
Feoss ‘
L X (lower bound heat transfer coefficient) at I-0.5 A; @6-or-7-point means of X
> -
r.
oX
.
¢
L4 g .
x
oox - o -
0.758 x xX o T yme
= ox - x
X o "x\ x
o FRxx x _ ER
x Rk
» % A% g
x o
X Xk x
xx x
.
x
0.752 5
40000 80000 120000 160000
Time/s
Fig 8A The mean lower bound heat transfer coefficients for days 9 to 10 and 11 to 12; 1 Ohm resistance in curreat leads.
0.764 Symbols as in Fig 8A
o
-
x
" .
x
} o @ .
% on )
» @ "
%ox Vo o [ X% -~
0.758 x* o x e
x L3
e X x
X ¢ Wa g
{ & T¥x¥ ow o omx
X X
™ L TER =
%o W , .
x x
0.752
40000 80000 120000 160000
Time/s

Fig 8C The mean lower bound heat transfer coefficients for days 9 to 10 and 11 to 12;
10hm resistance in current and 2.50hm resistance in heater leads.



Or11

10"9 (lower bound heat transfer coefficient) / WK* -4

L.H.S and RH.S. of equation 3 (15)

P*=1025 ®

.
P* = 1.000
".."....‘..°"”"""""0.lll|;!;'
TR
x
0.75
P*=0975 x
0.65
40000 80000 120000  Times  1g0000
Fig 9 The lower bound heat transfer coeflicient for Days 27 to 28 at P* shown
]
]
3 .
- . . -
.
.
.
- .
4 .
.
.
A .
.
t3 & &
.
.
- .
4
2 . »
.
.
g .
.
]
. 4000 8000 12000 Time/s

DATA AS GIVEN DATA ALLOWING FOR
DISSIPATION OF POWER
IN CELL LEADS
ENTHALPY INPUT 403,921 J 392,071
ENTHALPY OUTPUT 235,567J 225,476 J
ENTHALPY FOR
HEATING CELL 5223 5221
ENTHALPY AVAILABLE
FOR EVAPORATION 1683543 166,073 J
S MOLES D50 |6 MOLES D,0 5 MOLES D50 | 6 MOLES D,0

ENTHALPY REQUIRED
FOR EVAPORATION OF 208363 J 250,036 J 208,363 J 250,036 J
EXCESS ENTHALPY
REQUIRED 40,531J 82,2040 42290 83,963 J
MEAN RATES OF EXCESS
ENTHALPY GENERATION| 1.71W 346 W L78W 34w
MEAN SPECIFIC RATES
OF EXCESS ENTHALPY
GENERATION a05w 881W 453w 90.1 W

Fig 12 Cooling curves on day 29; |l prediction for Q=0; ¢ behaviour derived from Fig 4

Fig 10 The enthalpy balances for t < 23,700 of day 29

COLLIGATIVE PROPERTIES OF SOLUTIONS

INFORMATION REQUIRED COMMENTS

SOLUBILITY KNOWN

BOILING POINT KNOWN

ATMOSPHERIC PRESSURE NOT KNOWN
PRESSURE SENSOR
DISCONNECTED?

REFLUX RATIO NOT KNOWN

POSITION OF TEMPERATURE NOT KNOWN

SENSOR

CONCENTRATION NOT KNOWN

VOLUME OF ELECTROLYTE NOT KNOWN

DEVIATIONS FROM IDEALITY NOT KNOWN

Fig 11 Information required for the calculation of the rates of excess
eathalpy generation on Day 29




I I A I I IR

pe =098

Rate of excess enthalpy generation / W

oo g 0t
G
3 o
0.20
0.15
L calibration
0.10 pulse
0.05
Time/s
20000 S 40000 60000 80000
PRI
y
.
-0.05
Fig 15 The rate of excess eathalpy generation; NHE Analysis
¢
[=E
1§
" B
E
o
E
Ly a
L | >
- ‘a
" g
5 2
“§ i
n £
1
L]
) E
= 2
" 8
=
N
L]
» . g s
" . &
x . £
L] . é
Ll . =
" . 4 b
L . E
" .
L] o
" g . o
* 3 o ! g
L] L . B
» .
L] .
L] .
» .
L] .
L .
“ . K @ ~e o~

A 7 nenusaual Adjewina 583053 jo Aoy

117

Time/s

i
4
Oo'....
% 4
- 04 o"’
h]
g k] e ‘s .‘
] [ 8 ® e
3 .
3 e 4 g
o ¢
.o

20000

3

S Analysis

Fig 16 Lower bound heat transfer coefficient for day 3: ICARL

Lo.79

¥ VAL 7 (1891914200 13jsuBL) )8IY pENOG 12M0Y) 6,01

1079 (lower bound heat transfer coefficient) / WK” 4

2
3

3

Time/s

. §
% £l
L E]

3

¥ UM / (18921300 J2JsuR1) 183 paRoq 1aM0)) 6,01

Fig 14 Lower bound heat transfer coefficient for day 3: NHE Analysis



Fig 19 Rate of cxcess cathalpy gemeration on Day 3 ICARUS Analysis
by snalegy te the N.H.E. procedure.

* H
3 3
‘ 4 i
’0 Im & ¥
.
gen .
.
w w =] g
S 3 s s b
A\ BonEsouad Adjsnius $60%3 jo ey
.
.
.
* .~
PRI
onl‘ B 3 4
o pn e ®
o -ﬂot¢c“
Pe o4 ,° .
T, . 5
2 Lo I m.u
- e g H
L8 §
3 oF * e

20000 *

A/ wouuiauad Adjegies $630x3 Jo Ny

Time/s
Fig 18 The rate of excess enthalpy geueration on Day 3: ICARUS Analysis

p (14089 +T0) = L 1(1)09 + 7012 (0)) weum

Y '
P(0)Yy 4p(8)} ]
..\. ..‘.\‘

N
[(13)09 - (3) 0 V] x wereambe sewem = essrosqe _:;;_..lsklil!_.a-l..kl!:!.ﬂ\.i_..,...u.l..!o
¥

IORGPOS) ARIEOA.. JO E15848 6L IO} UORIELIOD M PUR SEKD

0
WesnETeL RIKR B4 J0) WerEAmbS Jeem i Jo pue X[ ¥ ] jo uopenmal Lk Bid ..“
}*
ozo sT0 010 $00
oo\ 060
..
'.
0.
o
*
.
.
..
. 7601
.
L
é ]
.
.
.
.
. 360
.
*
.
Ll
. w1
.
.
.




2900°0€ > 1 > 080°1Z P¥® %000°1Z>1>0
10) 67 Auqg w0 mogompad Kdjeyies 3052 Jo 33w1 SypPds 77 Ry

... e

o
- -~
N s
* \
7
i .
.
.
B ot
.
»
L
.
*
* st
*
b
*
A
(4
.
.
*
.
'0 ST

£y WD A\ / BOpEIIEIE Adjemus #3301 jo N dyRdg

Auq /2y

aumpacasd SNAVOT Smsn soudjene soxy (7 M

aumpasoud E°N Swen sydiemns es0xq 07 B

.

e

°®

.
oe?

I- vAuq [/ kdjvqea 05y

1- vAeq 1/ Adjemiwa ss0x3

119






CHAPTER 3.

TRANSMUTATIONS






Conference Proceedings Vol. 70
“|ICCF8”

F. Scaramuzzi (Ed.)

SIF, Bologna, 2000

Nuclear Transmutation in Pd Deuteride

Xing Z. Li, YunJ. Yan', Jian Tian, Ming Y. Mei,
Yan Deng, Wei Z. Yu, Guo Y. Tang', and Dong X. Cao®
Antonnella De Ninno®

Department of Physics, Tsinghua University, Beijing 100084, CHINA
'Institute of Material Science, Department of Material Science, Tsinghua University
Deparment of Engineering Physics, Tsinghua University
3Frascati Laboratory, ENEA Research Center, 00044 Frascati, Rome, ITALY

Abstract

Using Preparata (Cohn-Ahranov) effect, Pd hydrides and deuterides are loaded with
high loading ratio (R/Ro<1.3) in a specially designed electrolytic cell. Ni is found as a new
element in the Pd deuteride. No source of contamination has been identified for this Ni, of
which concentration reaches 10% on some local surface regions. The morphology of this
Ni component is studied using secondary electron emission and back scattering electrons.
Pd film underlined with a Cr layer is a new configuration among this kind of nuclear
transmutatiom experiments

1. Introduction
High loading ratio(R/Ro<1.3) has been reached in palladium hydrides and deuterides
in the Frascati Laboratory (ENEA). A unique technology, which is described in paper [1],

=y

Fig.1 The schematics of the palladium wire before loading(left), and the image of
palladium wire after loading(right)

is applied to make a long thin Pd wire on the surface of the glass substrate. The size of Pd
wire is 2ux50ux1000mm. Then, it is possible to applied a voltage along the wire in order
to create the Cohn-Ahranov effect to facilitate the loading process. Since it was first
proposed by late Professor G. Preparata, it is renamed by Professor E. Giudice as
“Preparata effect” in memory of this pioneer in “cold fusion” research. With this
technique, high loading has been reached with high reproducibility. “Excess heat” has been
found in this Pd deuteride, and the helium correlation has been investigated. It is natural to
study the possible “nuclear transmutation” phenomena in these samples. Two samples of
Pd deuteride and one sample of Pd hydride were sent to Tsinghua University to analyze the
new elements in these samples using scanning electron microscopy at Institute of Material
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Science of Tsinghua University. New elements are identified by characteristic X ray using
EDX mode. Careful studies are followed to eliminate any possible contamination. Ni was
the most evident new element, Zn, Fe etc. are found as well. It provides the new evidence
of the “nuclear transmutation” phenomena in the metal deuterides. /

2. Sample Preparation

In order to have a large voltage drop along the palladium wire, we need a long and thin
wire. It is realized by Frascati Laboratory (ENEA). The palladium is sputtered on the
surface of a piece of glass substrate. Then the lithographic technique is used to cut the thin
film into a shape of zigzag ( “bustrophedic” ) wire as shown by Fig.1. The width of the
wire is 50 microns, and the thickness of the thin film is about 2 microns. The total length of
the Pd wire is 100 cm on the glass substrate which has a size of 2.5x3.5-cm®. There are six
squares which are connected to the Pd wire at six points including both ends and four
intermediate points equally distributed along the wire. When this sample is emerged into
the electrolyte to start the electrolytic loading process as a cathode, the square parts are
covered by a small rubber O-ring to keep away the electrolyte. A small indium bead is put
inside the O-ring. This elastic indium bead plays a roll of bridge to connect the palladium
wire to the power supply. During the sputtering process a thin layer of chromium is
sputtered first to improve the adhesion of the palladium to the surface of glass substrate.
However, due to the deformation after the loading, the Pd wire detached from glass
substrate as shown by the right part of Fig. 1.

3. Scanning Electron Microscopy

Two months after the high loading, a field emission scanning electron microscopy
(JOEL, JSM-6301 F) was used to detect the new elements on the surface of the palladium
wire. Although we know from the manufactory(Balzers) that the palladium is as pure as
99.99%, we may still check the impurity in the sputtered sample in the following two
ways:

Counts Counts

25000 Pd -
20000
10000
18000 |
d
10000 5000 ’
Ipd
8000
P
co Pd Pd lo é d
o i 7 4 T T T i s e T T i
¢ : 4 s 8 0 5 10 18 20
Enecyy (ka¥ Energy{ keV)
Fig.2 Pure Pd in Square Region Fig.3 Pure Pd in Crystal Region
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Fig4 x700 Back Scattering Electron Fig.5 %1000 Back égéﬁeﬁqg Electron
image of Pd wire with no black image of a section with a crystal
spots region and black spots

(1)Detect the elements first on the square part, because it is supposed to be separated
from the electrolyte there. The deuterium is loaded into this part through the
diffusion process inside the palladium wire. We do not expect a high loading in
these six squares. Figure 2 shows the EDX spectrum of the square part. The
palladium peaks are well identified, and the only impurities we are able to detect
are the carbon and oxygen. This carbon may be from the rubber O-ring, or from
the vacuum pump oil during the sputtering process.

(2)We found a section of wire with a clear crystal shape (straight boundary in a
trapezoid shape in Fig.5 ). We could not find any new elements on this trapezoid
region (Fig.3), although it contacts the electrolyte directly, and it is supposed to
have similar loading as the vicinity. It is a good evidence to show that the
electrolyte is pure as well without any heavy metal contamination.

Counts Counts

-] | -
- | -

e | -
1Zn 3
] o)

8000, | |
;Mh L . E 'mjr) Cror Ni i

Y o S 0 Mo €0 SN
0 ‘ 10 % 20 o 2 4 ¢ s
Energy (keV) Energy (keV)
Fig.6 EDX spectrum at the black Fig 7 The highest nickel peaks ever

spot showing Ni peaks etc. observed in this D/Pd sample.

(10% of Ni is estimated in the
surface layer)
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Fig.8 The EDX spectrum details near the highest Ni peak

With these detection, we are sure that even if after sputtering process, after the contact
with electrolyte for several days, the sample is still a pure Pd sample except carbon and
oxygen which will not interfere the later nuclear transmutation results.

After careful scrutiny, we found that some sections were different from the other parts
in back scattering electron (BSE) image (see Fig.4 and Fig.5). In the black spots, the EDX
spectrum showed clear peaks for Ni, Zn, Fe and Cr, etc.(Fig. 6,7, .8).

Various black spots in the back scattering electron image mean the lower average Z
number in the local area (Z number for Zn, Ni, Fe, and Cr is 30, 28, 26, and 24,
respectively. They are all less than Z number for Pd, which is 46 ). Having searched a lot
of black spots we found some spots with the highest nickel peaks. The preliminary
quantitative analysis showed that the local nickel component may be as high 10% as shown
by Fig.7. The Fig.8 is an enlarged spectrum to show the local details. In the past, most of
previous work for nuclear transmutation are done for the nickel in hydrogen [2], or with
nickel layer under the Pd layer, there was no chance to observe this nickel component
enhancement.

The highest Ni peaks were found in certain regions which looks like a crater in the
back scattering electron image (Fig.9). In deed they were small beads if we look at them in
the secondary electron image (Fig,10). Secondary electron emission coefficient is strongly
dependent on local curvature. Usually, the higher curvature region would have a greater
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emission coefficient.

o - 1R

A E ! 20 - Sl T .
Fig.9 Back Scattering Electron (BSE)  Fig 10 Secondary Electron image of the
image of the highest Ni region same highest Ni region as that of

BSE

4. Contamination

Contamination has been a big concern in the studies of “nuclear transmutation”.
Haviing inspected the impurities in electrolyte, in the original Pd, and in the sputtering
processes, we suspected the substrate. Is there any nickel in glass substrate or in the
chromium layer? We found a section of Pd wire which clearly showed the interfaces
among the Pd wire, Cr layer and substrate glass (Fig. 11). A piece of glass shell was peeled
off from the back side of Pd wire; then, we may detect the Cr layer between glass substrate
and Pd wire (the medium gray portion of the Pd wire in Fig.11). It clearly show that even
in this Cr layer, there is no trace of Ni (Fig.12). Then we directly analyze the components
in the glass region. It is shown in Fig.13. Although there is a lot of barium and calcium,
there is no Ni either.

5. Concluding Remarks

As a part of the anomalous nuclear phenomena [2-6] in metal deuteride, we found the
high Ni component in the highly loaded Frascati sample. We could not identify any
possible contamination sources of this high Ni component yet.
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Fig.11 The interfaces between Pd thin wire, Cr layer and glass substrate.
The dark parts at two ends of Pd wire are the glass shell on the
backside of Pd wire. The central gray part is the layer between
glass shell and the Pd wire.
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Fig.12 Chromium peaks on the layer Fig.13 EDX spectrum on the glass
between Pd thin wire and glass. substrate surface
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Abstract

This is an experimental program to investigate possible trace element changes brought
about in palladium (Pd) after extensive electrolysis in heavy water electrolytes as well as
long time contact of particulate Pd with gaseous deuterium. Of particular interest are
cathodes and particulate Pd which had experienced episodes of excess heat production
beyond all electrical and other inputs. This paper details the careful analysis by neutron
activation analysis (NAA) of a set of three samples of finely powdered Pd exposed to high
deuterium pressures (hundreds of atmospheres) near room temperature at the core of
hollow cylindrical Pd cathodes. A fourth sample of unused Pd powder from the same
batch used in the cathodes was analyzed as a control. The most prominent change
observed in the three active samples versus the virgin Pd was the Zn-64 content. The
active samples showed an increase in the Zn-64 isotope of 6 to 14 times that in the virgin
Pd. Speculation regarding the source of this increased zinc varies from contamination
during electron beam welding (used to seal off the hollow core) to nuclear reactions
generated by high pressure deuterium gas on the large surface area Pd particles in the core.
Introduction

Palladium (Pd) cathodes electrochemically charged with deuterium (D) have exhibited
episodes of excess heat beyond all inputs.(1-5) To confirm or refute the suspicion of a
possible nuclear reaction producing the excess heat, trace element changes were measured
in particulate Pd exposed to very high deuterium pressures generated in the hollow core of
cylindrical Pd cathodes in a series of experiments by Arata and Zhang.(1) Independently
in a completely different type of experiment, Mo, Cai, Wang, Wang, and Li reported
observations of increased zinc for Pd exposed to hydrogen and deuterium gas.(6) In
addition they reported observing an altered ratio of Zn-64 to Zn-68 relative to that of
naturally occurring zinc. They speculated that the extra zinc observed may have been
produced by some nuclear process induced by the hydrogen or deuterium on the Pd metal
surface, since it was unlikely that contamination by handling or experimental processes
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would have given zinc with an altered relative abundance of Zn-64 and Zn-68.

The present study attempted to check the hypothesis put forward by Mo et al (6) on other
Pd exposed only to gaseous deuterium (with some mixture of light hydrogen”inevitably
present in deuterium).

Experimental

The samples of particulate Pd weighing from 5 to 16 milligrams each were sent to the
University of Texas for NAA.(7). All elements susceptible to NAA at a flux of 1E12
n/cm2-sec under an irradiation of 3 hours were detected by means of their emitted gamma
rays as detected in an intrinsic germanium crystal operated at 77°K.  Since NAA is
isotope specific, certain changes in the isotopic ratios within palladium were also
accessible by this method, for example the Pd-102/Pd-110 ratio. Analyses were mostly
dependent upon the ratios of gamma ray integrated photopeaks within a given sample and
hence were less subject to errors in sample weighing or comparisons between separate
samples. Since not all the samples could be simultaneously gamma counted, small
corrections had to be made for different times of decay after irradiation, as these different
decay times affected the ratios of gammas from isotopes of different half lives.

Results

Table I shows the increases in the elements iridium (Ir) and gold (Au) in addition to the
increase in zinc (Zn) relative to the virgin material (Sample D). In one instance, Sample B
showed a DECREASE in Ir from the virgin material. The conventional explanation for
such increases is the cathodic deposition of electrolyte impurities on the cathode surface.
However, all these samples were protected from the electrolyte inside the gas-pressure-
tight hollow core of the cylindrical cathode. The only remaining possibility of
contamination would be in the process of cathode preparation. Once the Pd powder is
placed inside the core of the cathode, it had to be electron-beam welded because the
deuterium pressure could reach extremely high values during electrolysis. In fact, some
cathodes failed in a burst mode during electrolysis due to this pressure if not properly
welded. It is possible that the high temperatures experienced by the welded region could
have vaporized various impurities in the Pd and the vapors carried down for deposition on
the Pd powder. While this scenario is plausible for the relatively volatile zinc, it is less
likely for gold and iridium. For example, zinc has a boiling point of 907°C, whereas
iridium and gold have boiling points of >4800°C and 2600°C respectively.

The zinc concentrations observed in the powder are by far the highest of any observed
impurity, ranging between 102 PPM to 248 PPM by weight assuming the zinc is natural
zinc. Since we only measure the Zn-64 isotope via its neutron capture product isotope,
Zn-65, the Zn-64 concentrations are about half the above numbers (Zn-64 is 48.6% of
natural zinc).

The conditions of irradiation apparently obscured the appearance of the prominent gamma
ray of the Zn-69m isotope from Zn-68 neutron capture, so the attempt to check whether
the zinc observed had an unnatural ratio of Zn-64 to Zn-68 failed. The Zn-69m half-life is
nearly the same as that of Pd-109 (both about 13.8 hours) and the gamma rays of the latter
were so dominant that we failed to resolve the 438.5 keV gamma of Zn-69m. The above
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assumes that the Zn-68 isotope is actually present, even at some different ratio than that of
natural zinc.

Discussion

The samples analyzed along with its virgin material were volunteered by Dr. Arata and Dr.
Zhang of Osaka University. However, the precise amounts of excess heat produced by the
cathodes in which the powdered Pd was contained has not yet been made available. Arata
and Zhang's published work shows data from similar cathodes which produced about 30 to
40 megajoules of excess heat over the most active 2 month period of their electrolysis.(1)
If one assumes that some nuclear process produced each excess Zn-64 atom at about 10
Mev per atom, and further that some 12 grams of powdered Pd was contained in each
cathode hollow core, and further that our sample of 5 to 15 milligrams was a
representative sample of the full 12 grams present, then one obtains an expected amount of
excess heat of 20 Megajoules.

The only heat producing nuclear reaction capable of producing Zn-64 is the fission of
palladium isotopes or proton capture in impurity copper. While some copper impurity is
undoubtedly present, it is not readily measured by NAA under these circumstances and
even if present, it is not likely to be so large as several hundred PPM. However, new short
irradiations (to observe Cu-66 with its 5.1 minute half life) are planned to check for this
possible copper impurity.

We are thus left with the possibility of Pd fission, a process giving about 20 to 30 Mev per
fission (10-15 Mev per fission product atom). To check this possibility we attempted to
measure any change in the ratio of Pd-102 and Pd-110 from that of the virgin material.
Table I shows a roughly 20% increase in the Pd-110/Pd-102 ratio in the A and C samples
but only about 5% in sample B, the latter not outside the limits of error. If the apparent
depletion in Pd-102 relative to Pd-110 is confirmed, this may indicate that the lighter
isotopes of Pd are more susceptible to fission than the heavier ones. Clearly these three
experiments are only suggestive at present.

The proof of a nuclear source for the increased zinc (and possibly other multi-isotope
elements), will be resolved by NAA or other methods that show the isotopic abundance
ratios to be significantly different from those found naturally. Otherwise, a contamination
source is indicated.

The small increases in iridium and gold in the active samples relative to the virgin sample
find no ready explanation. Both elements are considerably less volatile than zinc and
hence are less likely to be carried from the site of electron beam welding to the powder. It
may be we are seeing the natural variation of these impurity elements - that is - they are
not uniformly distributed in the powdered Pd. In one case, (sample B in Table I) iridium
shows a factor of 2 decrease rather than the factors of three and four increases observed
for samples C and A respectively. Gold shows the smallest increase (10%) in sample B
with increase factors of 1.7 and 5.3 for samples C and A respectively. No nuclear
processes that have a positive Q value can be readily identified to suggest a nuclear
reaction origin for these elemental impurity increases. However, a commonly observed
impurity in palladium is platinum, from which both iridium and gold could be produced
by positive Q nuclear reactions with protons or deuterons. However we observe at most
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Table I. Neutron Activation Analysis Results for Impurities in Palladium
Exposed to Gaseous Deuterium

SAMPLE

ARATA A

ARATA B

ARATA C

ARATA D
(VIRGIN)

Zn-64 Content
PPM by Weight

50

121

58

Zn-64 Iridium
Ratio Content
Relative PPM by
To Unused Weight
(Virgin)

Palladium

Sample D

(One Sigma)

6.6 (1.6) 4.1
14.4 3.2) 0.2
8.3(2.1) 3.1

1.0 (DNA) 0.5

Gold

Content
PPM by
Weight

55

11

17

10

Pd-110/Pd-102
Relative to the
Ratio Observed
in Unused Pd
i.e., Sample D
(One Sigma)

1.24(0.11)

1.06(0.06)

1.21(0.11)

1.00 (DNA)



only a few PPM of platinum in these powdered Pd samples.

Conclusions

These measurements are so far only suggestive of possible nuclear reactions occurring in
deuterated palladium. Some suggestive early results from gas loaded palladium was given
by Mo, Cai, Wang, Wang, and Li (6). They found alterations in the Zn-64/Zn-68 ratios
from gas-exposed samples relative to the same ratios in natural zinc. The most severe
alteration showed an enhancement of the Zn-68 to Zn-64 ratio by 20% relative to the ratio
for natural zinc. Their unexposed palladium showed no zinc present. Gas-exposed
palladium is likely to be reacting at its surface and hence the products of such reactions
should be concentrated at the surface. Experiments should be performed which separately
measured surface material and material well below the surface. The study by Mo et al
used thin wire samples rather than powder, in which such differentiation between surface
and bulk would be more practical.

It is possible that conventional explanations will be found for these results, namely that of
contamination during electron beam welding for gas tight closure of the hollow core.
Experiments are currently under way for NAA of Pd powder that was exposed in the
hollow core of a cathode producing NO excess heat under electrolysis with normal light
water electrolysis may be persuasive in answering this question.
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Abstract

For the first time the experimental study of cold nuclear transmutation of intermediate mass
isotopes was carried out in growing microbiological culture with controlled conditions of
growth. With the help of time-of-flight mass-spectroscopy the formation of rare Fe** isotope
from Na® and P*' isotopes in sugar-salt nutrient medium was observed. Combined and
independent Mossbauer and mass-spectroscopy investigations of nuclear transmutation of
Mossbauer isotope Fe’’ in growing biological cultures were also carried out.

1. Introduction

The problem of nuclear transmutation of elements and isotopes at low interaction energy
(at room temperature) in biological objects is discussed. Several years ago [1,2] we have made
Mossbauer studies of light (D) and intermediate (Mn®*) cold isotopes transmutation in several
microbiological cultures. We have conducted a series of experiments based upon new
technology employing the precise methods of Mossbauer spectroscopy. The experiments were
based on the Mn**+d*=Fe’’ reactions in growing microbiological culture in heavy-hydrous
(D,0) sugar-salt nutrient medium deficient in Fe but additionally containing Mn. The reaction
result is generation of stable rare Fe’’ isotope, concentration of which in the natural iron is
very low. In these experiments the formation of Fe* isotope from Mn®* and the light isotope
D; in nutrient medium based on heavy water was observed by Mossbauer effect.

Our new report considers the results of both time-of-flight mass-spectroscopy study of
nuclear transmutation of intermediate mass isotopes in growing microbiological cultures and
combined (Mossbauer and mass-spectroscopy) investigations of nuclear transmutation of
isotope Fe’” in the same cultures.

We have carried out investigations aimed at discovery and investigation of such nuclear
transmutations. We believe that this aim can be achieved only if an isotope obtained in the
process of transmutation does not have any analogues in the nutrient medium where the
culture is growing (along with inevitably present admixtures of this isotope). As far as we
know, none of the previously conducted researches contains reliable data confirming the
possibility of cold transmutations for intermediate mass isotopes.

2. Experimental method and procedures

Our experiments on nuclear transmutation of intermediate mass isotopes are based on the
expected Na?*+P*'=Fe** reaction in growing culture in sugar-salt nutrient medium deficient in
Fe but containing controlled quantity of Na* and P*' isotopes. The reaction results in
generation of the rare Fe** isotope, concentration 1=5,8% of which in the natural iron (mainly
Fe with natural concentration n=91,7%) is very low. Iron (any isotopes) in small amounts is
necessary for the culture growth. If the conditions of nonbarrier cold fusion are satisfied [1-3],
the formation of Fe** takes place. The formed Fe™* nuclei during the time At = 10"'—10™"" s
are converted to atoms (or ions) and will be utillized by the growing culture for making its
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structure. The research was carried out on the basis of bacterial culture Bacillus subtilis. The
Fe** isotope obtained in small quantities can be easily discovered by the means of time-of-
flight mass-spectroscopy. This method allows to monitor the isotope contents of all
components of the nutrient medium, the initial culture and all samples of the culture after its
growth has finished.

The course of the experiments was as follows. The previously obtained culture after
centrifuging, washing and post-growth was placed in flasks with sugar-salt nutrient medium
containing salts of Mg, Ca, K, Na, sucrose and 100 ml of pure H,O water.

The composition of the nutrient medium is shown in the table.

Components Concentration in | Admixture of Fe (no | Admixture of Fe (no
the medium (%) | more) relative (%) | more) absolute (g)

Sucrose 2 107 2I0*
MgSO, 0,05 2.10" 10
CaCOs 0,2 1,5.10" 3.107
KCl 0,05 3.10° 1510"
NaNO; 0,5 2.10°* 10"
K,;HPOy4 (in transmutation 0,2 5.107 107
experiments)
Pure distilled water H,O 100 (100 ml) 107 10°

In accordance with the degree of purification of all nutrient medium ingredients
(chemically pure category), the possible content of Fe as an admixture does not exceed
m(Fe’*) ~ 5.10* g or N(Fe*®) ~ 4.10"7 Fe*® atoms. In accordance with the natural content of
Fe™* isotope (5,8% of the total Fe), its possible quantity as an admixture does not exceed
m(Fe5 4) ~3.107 g. The total mass and total number of atoms of Na?* isotope in NaNOjs salt
are m(NaH) ~0.13 gand N(Na23) X 2,8.102'. In transmutation experiments, the K,;HPO, salt
containing less than Amg.~ 10 g of Fe admixture and m(P*") ~ 0.1g and N(P*') ~ 1,1 10%
atoms of basis P*' isotope was added to the nutrient medium. All initial dry ingredients of the
sugar-salt nutrient medium were investigated on the time-of-flight mass-spectrometer. The
same investigation was held with a part of the bacterial culture inoculum.

A typical experiment concerning the nuclear transmutation of elements consisted of
growing the microbiological culture in 2 disks simultaneously (see Fig.1).

The first disk contained the fully-compounded hydrous nutrient medium (including
NaNOj3) but without K,HPOy, the second one — the same hydrous nutrient medium with

"K,HPOj, present. Several series of such control and transmutation experiments were held for
different cultures, different times of growth At (24, 48 and 72 hours) and different growth
modes (in still disks and media and in suspension stirring mode using magnet stirring device).
The cultures were grown in the thermostat at the optimal temperature 32° C. After completing
each series, the obtained biological substance was separated using a centrifuge, cleaned in the
distilled water and dried. The total masses of the dried cultures were about 0.3-0.7 g.

A typical series of mass-spectrum measurements consisted of three main procedures:

a) mass-spectrum investigation of pure natural iron (the basic experiment for obtaining the
reference mass-spectrum of all isotopes of iron);

b) investigation of the cultures which have been grown in the medium with presence of
Na” (NaNOj; compound) and without P,

¢) investigation of the cultures which have been grown in full-compounded hydrous
nutrient medium with presence of both P*' (K;HPO, compound) and Na” (NaNO).
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The initial
microbiological culture

I I

Growing in sugar- Growing in sugar-salt
e salt nutrient medium| | nutrient medium with
; without K,HPO, [ |K,HPO, (transmutation
(reference experiment) s 5
(control experiment) experiment)

N

Correlated investigation in
the time-of-flight
laser mass-spectrometer

Pure natural

Fig.1. The scheme of experiment on transmutation and
mass-spectroscopy investigation of isotopes in growing
microbiological cultures
The investigated objects were put together in the same vacuum chamber of the laser mass-
spectrometer. The cultures were placed on the Pb holder surface in separate microtroughs.
The ruby laser pulses (duration =40 ns, wave-length A=0.63 um, energy W=0.2 J, size of
laser pulse focus D~100 pum, laser plasma temperature KT~100 eV ) were aimed at each
microtrough in turn. The resulting single-charged ions of different isotopes A; with masses
M;=AiM after energy selection had equal energies Wy~ 40 eV but different velocities
vi=(2W/M))"? and times of flight t=L/v; to the detector. Here L~100 cm is the distance of the
ions flight from the laser focus to the detector. Each mass-spectrum was measured during the
single laser pulse. The spectra were recorded on the multitrace oscilloscope with memory and
later processed on the computer.

3. Results and discussion

The mass-spectrum of the isotopes of natural iron (fig. 2a — reference experiment) allows
to carry out exact identification and quantitative interpretation of the summarized spectrum of
the impurity (Fe*® and Fe**) and synthesized (Fe**) iron isotopes in the researched cultures for
the cases b and ¢ (fig. 2b — experiment on transmutation at At=72 hours, fig. 2c — control
experiment). In these experiments the changes of relation of isotope concentrations from
natural value n(Fe**)/m(Fe’®) ~ 0,06 (for the case of pure natural Fe and for impurity Fe in the
control experiment) to 11(Fe5 4)/‘q(FeS(’) ~ 0.2 - 0.25 (for the experiment on transmutation) were
observed. For the several more optimal regimes of culture growth we have obtained
n(Fe54)/n(FeS(’) ~ 0.5 - 0.8. The recurrence of outcomes was close to 100%.

The averaged experimental coefficients of Na?*+P*'=Fe* transmutation equal

Ap = N(Fe*)/N(P*")At = [n(Fe*)m(Fe™)] N(Fe**)/N(P*" At~

(3-6).10™" (synthesized Fe** nuclei per s and per single P! nucleus);

Ana = N(Fe*)/N(Na®)At = [n(Fe**)m(Fe*®)] N(Fe**)/N(Na*)At ~

(1-23.10™° (synthesized Fe>* nuclei per s and per single Na® nucleus).

The research of mass-spectra of the dry sugar-salt nutrient medium (before and after the
action of the same laser pulse) was also carried out. The measurements have shown that the
relation of concentrations n(Fe>*)/m(Fe*®) both in the separate components of the nutrient
medium and in their mixture (especially in the mixture of the main salts NaNOsz and K,;HPO,)
remains natural and equals about 0.06. This confirms the conclusion that the formation of Fe
isotope and changes of the isotopes relation n(Fe>*)/n(Fe*®) observed at the growth of culture
in an optimal medium with the presence of Na and P salts is the result of cold nuclear
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transmutation P*'+Na**=Fe* and is not connected to the thermal action of laser inpulse on the
target in the mass-spectrometer (i.e. the reaction of nuclear transmutation it is not a result of
the possible “warm fusion” at KT=100 eV in the laser pulse focus).

T

._a‘) [\
| Nyw/100 I\
I\
Fds4 Hess| / | N | Feb?
A /
| b)

93 94 95 96 9% t, s
54 58 56 57 A

Fig.2. A typical series of mass-spectrometer detection of Fe isotopes: a -
reference experiment on pure natural Fe, b - experiment on transmutation (the
culture grown in the medium with the presence of P*' and Na? isotopes) , ¢ -
control experiment (the culture grown in the medium without P*' isotope); t is
the measured time of flight of the isotope ion from the target to the detector,

A, is the atomic number of the isotope.

As a result of the analysis of the main experiment 2b on transmutation and both the
reference 2a and the control experiment 2¢ one can say:

1) in the grown microbiogical cultures, the sugar-salt components of the nutrient medium
and in the natural iron the relations of Fe>* and Fe’® isotopes concentrations are natural
n(Fe**yn(Fe*®) ~ 0,06;

2) in the sugar-salt components of nutrient medium and in the microbiogical cultures
grown in the control experiment we have observed the same natural relation n(Fe”)/n(F e®)~
0,06 of Fe** and Fe® isotopes concentrations;

3) during the culture growth the Fe* isotope isn’t extracted from the glass of the disk;

4) the formation of the Fe** isotope and the changes of the isotopes relation n(F e*ym(F e’%)
observed during the culture growth in the optimum medium with the presence of Na and P
salts is not a result of the possible “warm fusion” P*'+Na® in the laser focus plasma of the
mass-spectrometer.

Summarizing the mentioned results and discussion of the experiments we can state that the
creation of the Fe™ isotope as a result of nuclear transmutation in growing biological medium
was observed and verified using the time-of-flight mass-spectroscopy method.
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4. Combined investigations of nuclear transmutation of isotopes in growing cultures

The problem of reliability of the experimental results of the low-temperature isotope
transmutation process is one of the most important. This aim can be achieved only by using
several independent methods of investigation with the same object.

We have carried out investigations aimed at combined but independent Mossbauer and
mass-spectroscopy investigation of nuclear transmutation of isotopes in microbiological
cultures. These experiments were based on the expected Mn*>+d*=Fe’” reactions in growing
microbiological culture in the heavy-hydrous (D,0) sugar-salt nutrient medium deficient in Fe
but additionally containing Mn. The reaction results in generation of the rare stable Fe’
isotope, concentration of which in the natural iron (mainly Fe*) is very low (22.2%).

The course of the transmutation experiments was discussed in our previous investigation
[1,2]. The research was carried out on the basis of the yeast culture Saccharomyces
cerevisiae, selected according to the possibility of its growth in light and heavy water media.
The previously obtained cultures after centrifuging, washing and post-growth were placed in a
flask with sugar-salt nutrient medium containing the salts of Mg, Ca, K, ammonium tartrate,
sucrose and pure water (D,O with Mn in transmutation experiments, H,O with Mn or D,0O
without Mn in control experiments). In accordance with the degree of purification of all
nutrient medium ingredients (chemically pure category), the possible content of Fe™® as an
admixture did not exceed m(FcS(’)zl ,1.10'6g and N(Fe56) ~0,9.10'® atoms. In transmutation
experiments, MnSOy containing m(Mn™?) z2.104g and N(Mn**)~1,8.10'® of Mn™® atoms of
basis stable Mn>® isotope was added to the sugar-salt nutrient medium. The total mass of the
culture grown during 72 hours in the optimal medium (D,0 and MnSOy) was near 0.2 - 0.5 g.

The figure 3 presents the results of Mossbauer investigation of this culture. The figure 3a
presents the Mossbauer spectrum of Saccharomyces cerevisiae culture grown during At = 72
hours in the nutrient medium of optimal composition, containing D,O and MnSOj. The full
number of Fe’” atoms (calculated by analysis of this Mossbauer spectrum) and their mass are
the following: N(Fe*”) » 0,87.10'®, m(Fe"’) ~ 10%g.

The spectrum 3b corresponds to the same culture grown in the medium containing H,O
and MnSOy, and the spectrum 3¢ — to the medium with D,0, but without MnSOy4. The
coefficient of transmutation (obtained by Mossbauer spectroscopy) equals

AaMossb) - N(FeS7)/N(Mn®*)At ~
1,7.10" (synthesized Fe®’ nuclei per s and per single Mn** nucleus).

The figure 4 presents the result of mass-spectrum investigation of this culture. The figure
4a (reference experiment) presents the results of mass-spectoscopic investigation of isotopes
of the natural iron, the figure 4b (additional basic experiment) presents the mass-spectrum of
the natural single-isotope Mn chemical element, the figure 4c (control experiment) presents
the mass-spectrum of the same Saccharomyces cerevisiae culture grown in the heavy water
nutrient medium with D,0, but without Mn* isotope (without MnSOjy salt), the figure 4d
presents the summarized spectrum of the impurity (Fe*® and Fe**) and synthesized (Fe®’) iron
isotopes in the researched culture grown in the heavy water nutrient medium with D,0O and
with the Mn®® isotope presence.

On the one hand the relation of isotope concentrations in the control experiments (and in
the pure natural Fe) equals the natural value n(Fe*’)/m(Fe*®) ~ 0,02.

On the other hand the relation of isotope concentrations in the same culture that was grown
during the transmutation experiments and investigated by mass-spectoscopy is much larger:

n(Fe’)m(Fe*®)~ 0.7-0.9.
It follows from these investigations that the total mass and total number of synthesized F e’
isotope nucleus (atoms) equal m(Fe*’) ~ [n(Fe’’)n(Fe*®)] m(Fe*®) ~ (0.8-1).10° g and
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N(Fe’") ~ (0.6-0,8).10". The coefficient of transmutation (obtained by the method of time-of-
flight mass-spectroscopy) equals
AMasseen) & N(Fe™)/N(Mn)At ~[n(Fe’)/m(Fe*)] N(Fe**)/N(Mn**)At ~
(1-1,3).10® (synthesized Fe’” nuclei per s and per single Mn®® nucleus).

1 I I
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Fig. 4

Fig3

It follows from our calculations that the coefficients of light (D?) and intermediate (Mn>>)
isotopes cold transmutation investigated by both the Mossbauer spectroscopy and the time-of-
flight mass-spectroscopy are approximately equal and exceed by two orders of magnitude the
same transmutation coefficient for the case of intermediate (Na23 and P*") isotopes
transmutation. We assume that in these cases a short-term elimination of the Coulomb barrier
of the pair nuclear reactions in micro-potential holes with the structure that is close to
parabolic [1-3] takes place. This condition is realized in the volume of growing
microbiological culture. ,

1. Vysotskii V.I., Kornilova A.A., Samoylenko LI. //Progress in New Hydrogen Energy.
The Sixth Conf. on Cold Fusion, Proc., v.2, 1996, 687-693.

2. Vysotskii V.I., Kornilova A.A., Samoylenko L.I. /Cold Fusion and New Energy
Technology, v.2, n. 10, 1996, p. 63

3. Vysotskii V.I. Proc. Fourth International Conference on Cold Fusion (Lahaina, Hawaii,
December 1993), Ed. T.O.Passell (EPRI, 1994), v. 4, p. 20-1.
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[ABSTRACT]

Two kinds of experimental methods have been designed to induce nuclear reactions in
Pd-D system. One is the D, gas diffusion method, and the other is the electrolysis
diffusion method. Common feature of the methods is to cause continuous diffusion of
deuterium through a multi-layer Pd that contains low work function material(CaO, TiC,
Y03, etc..). Time dependence of nuclear products(Mg, Si, S, F, Al) were observed by
the D, gas diffusion method, in which the products were analyzed WITHOUT taking the
multi-layer Pd out of the apparatus. The time dependence of the products were
reproduced qualitatively. 33S/°%S of the products was one order larger than that of natural
abundance. Fe isotope ratio anomaly of the multi-layer Pd obtained by the electrolysis
diffusion method were confirmed by SIMS and TOF-SIMS. Si powder products detected
after electrolysis amounted to 0.057g, and its isotopic composition was anomalous.

1. INTRODUCTION

Nuclear reactions observed in the low energy deuteron and metal system have been
investigated intensively. However, the nature of the phenomena is still unclear. Our
experimental results so far let us to assume that necessary conditions to induce nuclear
reactions in solids are as follows; (i) existence of a low work function material near the
Pd surface, (ii)enough diffusion flux of deuterium, (iii) high D/Pd on the Pd surface.

To meet with the assumptions, we have :
contrived two kinds of experimental methods (1) Multi-lager Pd
characterized by “multi-layer Pd” and  Pd Thin Film

“continuous diffusion of D” as shown in Fig.1. E— IMO:: e:?;(l)rk Funtedio:

The multi-layer .Pd consis‘ts of Pd thin film, ., B (Ca0, Y,05, TiC, etc...)
low work function material and Pd bulk. It

corresponds to the assumption(i). Enough (2) Continuous Diffuion of

diffusion flux of deuterium, assumption(ii), is

satisfiec‘l with the corpposition shown in. the @Tj_ D Electrolyte or
lower figure. Deuterium atoms are provided D, Gas

with D electrolyte or D, gas and released from ) D

the vacuum side. They are controllable by the ~ Multi-layer LT
; : Pd

applied electric current or D; gas pressure. As

for the assumption(iii), enough D/Pd ratio on  Fjg 1 Features of the Present Method
the Pd thin film is considered to be attained

by our methods.
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2. EXPERIMENTAL
Figure 2 show the cross sectional view

of the D, gas diffusion apparatus. The Photoelectron
feature of this method is that it can Energy Analyzer
analyze the surface of a Pd sample by ~XTay Gun Multi-layer Pd

XPS (X-ray Photoelectron Spectroscopy)
WITHOUT taking it out of the apparatus.
Therefore it is possible to avoid
contamination onto the Pd sample from
outer environment. This newly developed
apparatus can provide the data of time
dependence of detected nuclear products.

The apparatus consists of two vacuum
chambers, a X-ray gun and an electrostatic
analyzer for XP.S , a mass spectrometer Fig.2 D, Gas Diffusion Method
and a Ge semiconductor detector. One
chamber is fulfilled with D, gas, and the other chamber is evacuated by a turbo
molecular pump. These two chambers are divided by a multi-layer Pd composed of Pd
thin film(400 angstrom), low work function layer(typically CaO; 1000 angstrom) and Pd
sheet(25mmX25mmX0.1mm).

Procedure of an experiment is as follows. At first, the surface of a multi-layer Pd in
the vacuum chamber is analyzed by XPS to confirm that the surface of the Pd sample is
clean. Next, D; gas is fulfilled into a chamber and deuterium atoms diffuse from the D,
side chamber to the vacuum side chamber. At this moment nuclear reaction occur on the
multi-layer Pd containing low work function material. After certain period(from 2days to
1 week) of deuterium diffusion through the Pd sample, the D, side chamber is evacuated
and the surface of the Pd sample is analyzed by XPS in the chamber. The new elements
which did not exit, on the Pd sample at the beginning of the experiment can be detected.
In case of obtaining time dependence of the products, the process mentioned above
should be repeated.

Experimental results using the
electrolysis type of apparatus were S Recombiner
presented at ICCF-7[1]. Schematic Water in Water out
view of the electrolysis diffusion -
method is shown in Fig.3. Details of
the apparatus are given in the
reference[1],[2]. The feature of this
apparatus is that much larger
reaction rate is possible because .
D/Pd on the Pd surface is larger Nal . = :
than that of D, gas diffusion method. sdntillator n B
We can estimate excess heat and :
radiation with this type of apparatus,
although element and mass analysis ) Molecular
of the Pd sample become possible
after the end of an experiment.

Evacuation

D, Gas
Ge Detector

Evacuation

scintillator
3 counter

Fig.3 Electrolysis Diffusion Method
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3.RESULTS AND DISCUSSION

Experimental results by the D, diffusion method are shown in Fig.4-6. We tried three
kinds of materials; normal Pd, multi-layer Pd(Pd/CaO/Pd) and Li doped multi-layer
Pd(Pd,Li/CaO/Pd). “

Figure 4 shows the time dependence of C on the normal Pd(Pd only) sample which
existed as an impurity at the beginning of the experiment. C usually exist on the surface
of a Pd sample unless we remove it. Therefore, C and Pd are detected by XPS on the
normal Pd sample. The numbers of C atoms detected by XPS did not change for two
cases(No.1, 2), although the initial C and experiment time were different each other. No
time dependence of C were observed if the Pd only samples were used.

No.1 No.2
10 T e o,
o gl Pd & 8k
= e = < I
% 6F _ _ >v-<‘ 6F
§ 4 g 4 Pd
< S [
2r < 2t
0 20 40 60 80 100 0 20 40 60 80 100120140
Time(h) Time(h)

Fig.4 Time Dependence of C(impurity) detected on the Pd only samples

Multi-layer Pd gave us the entirely different results. Time dependence of C, Mg, S, Si
on the multi-layer Pd(Pd/CaO/Pd) are shown in Fig.5 At first, we will explain the result
of experiment No.3. There were no elements except C and Pd at the beginning of the
experiment. No Mg, Si and S existed on the sample. Mg, Si and S peaks emerged and the
C peak decreased after 42 hours of deuterium diffusion through the multi:_lati Pd. At
116 hours, S and Si increased and Mg decreased. As for No.4 experiment, amount of C
was slightly larger than that of No.4. Mg, Si and S were detected again after 24 hours.
After that, Mg decreased, Si and S increased, and C decreased monotonously as shown
in the right figure. These results indicated that the behavior mg_i Si were
reproduced qualitatively.

No.3 No.4 -
s annamaeny ) IR Tenar oo g e
~10t  pycaopd |TaNE ~10f A a-Si
N T ——— i - <
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Fig.5 Time Dependence of C, Mg, Si, S detected on the Pd/CaO/Pd samples
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Examination on isotope ratio of the detected elements was carried out. Table1l shows
comparison between multi-layer Pd and normal Pd on isotopic abundance of S. The
sample No.1 and No.4 after experiments were analyzed by SIMS(Secondary Ion Mass
Spectroscopy). S on the No.1 sample was detected by SIMS, although No S was detected
by XPS. Since the sensitivity for S of SIMS is higher than that of XPS. S on the No.4
sample were observed by both XPS and SIMS. As for %S, no effective counts were
obtained because abundance of *°S is very small.

Although secondary ion intensity of the No.4 was larger than that of the No.3, **S/*’S
was almost equal to each other. **S/**S is nearly equal to the natural abundance. On the
other hand, **S/*’S of the Pd/CaO/Pd(No.4) was one order larger than that of Pd
only(No.1). *S/*2S of the No.1 was nearly equal to the natural abundance. These
results shown in the tablel indicates that isotopic abundance of S on the multi-layer
Pd(No.4) was anomalous and S on the normal Pd seemed natural.

Tablel Comparison between Multi-layer Pd and Normal Pd on Isotopic Abundance of S

Type of Sample Secondary Ion Intensity (cps) Isotope Ratio
g g g B3%S HS/7S
Pd/CaO/Pd(No.4) | 1.93X10* | 4.89X10° | 1.05X10° | 0.25 0.054
Pd Only(No.1) 9.70X10° | 1.0X10 5.0X10 0.010 0.052
Natural Abundance - - - 0.0079 0.044

Let us discuss on the above experimental results on the multi-layer Pd. The first point
is the time dependence of C, Mg, Si, S. These elements were detected by XPS without
taking the multi-layer Pd out of the vacuum chamber. The surface of the sample was just
only exposed with D, gas. Therefore it was difficult to add these elements on the surface
of the multi-layer Pd, or remove them from it. Especially Mg once increased and
decreased. It is very difficult to explain their behaviors by certain contamination
processes. The second gomt is that product S had anomalous isotopic abundance. As
shown in Tablel, **S/*’S is one order larger than natural isotope ratio. If the S were
contaminant, such efficient isotope separation was possible? According to the points,
we can conclude that it is strongly suggested that Mg, Si, S are formed by certain nuclear
reactions.

If these elements are nuclear products, they are basically explained by the
EINR(Electron-Induced Nuclear Reaction) model[2]. Experimental results enable us to
make an interpretation that C was transmuted to Mg, Si, S. The EINR model gives the
following explanation. At first deuterium nuclei capture electrons and form di-neutron
clusters. Simultaneously, the di-neutron clusters react with C, and produce Mg. After
that, Mg reacts with di-neutron clusters again and is transmuted into Si or S.

d+ ?e—>§n +V 1)
6

‘2C—> . Mg—>,2sz )
62n 42n

e Mg~ 128 ©)
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In the Pd/CaO/Pd experiments, impurity C was transmuted into Mg, Si, S. Next
experiments were performed aiming that Li will be transmuted into the other elements.

No.5 ——F T
. . . ] —®—Mg —e—Mg
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Fig.6 Time Dependence of F, Mg, Al, Si detected on the Pd,Li/CaO/Pd samples

Experimental results on Li doped multi-layer Pd are shown in Fig.6. Lithium atoms
were doped by the electrolysis of LiOD solution onto the surface of the multi-layer
Pd(Pd/CaO/Pd). The new elements F, Al emerged in the both cases; No.5 and No.6. F
once increased and decreased. Al increased monotonously. Behaviors of F and Al were
similar to Mg and Si, respectively, though emergence time of F and Al in the case of
No.5 is difference. Mg and Si are considered to be originated from impurity C. We
observed F and Al by adding Li on the surface of multi-layer Pd, therefore we assume
that F and Al were transmuted from the added Li as shown in the following equatiois; (

L
sLi—> g F— 5 Al “4)

At present, the model is theoretically incomplete. However, it is noticeable that the
similar explanation is possible between the transmutations of C and Li.
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Fig.7 Fe Isotope Anomaly observed by TOF-SIMS
Next, experimental results obtained by the electrolysis diffusion method are described.

Excess heat and nuclear products were observed for almost all the cases we tried using
the multi-layer Pd. Isotopic composition of the obtained product were often different
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from natural abundance. The authors usually estimate the isotopic composition of a
product by SIMS. Figure 7 presents an example that Fe isotope ratio anomaly was
confirmed by both SIMS and TOF-SIMS(Time of flight SIMS). Better mass resolution
can be obtained by TOF-SIMS. According to the SIMS analysis for sample(EV75) in
Fig.7, °"Fe/*°Fe was estimated at 1.8; very high value compared with natural abundance
0.0234. TOF-SIMS analysis gave 0.301 for 5"Fe/**Fe as shown in Fig.7. Anomalous
large *’Fe/*°Fe was obtained on a multi-layer sample(EV75) by both SIMS and TOF-
SIMS, though *’Fe/**Fe did not agree with each other. The reason is considered that
"Fe/**Fe depend on the analyzed position on the sample. Variation of isotope ratio
depending on the location of analysis are often observed[1].

As excess heat increased, the amount of nuclear products increased. Figure 8 shows an
example of Si powder product. In this case, large excess heat more than input power was
obtained. The powder is SiO,, because Si was oxidized by O, in the air after being taken
out of the experimental apparatus. Amounts of the Si reaches to 0.057g.

In order to evaluate Si contamination, we made a list of candidates of contamination
source; solution, multi-layer Pd, Pt anode, Ni cooling pipe, Polypropylene and Teflon in
the experimental apparatus. Maximum quantity of Si contaminants was estimated at
0.023g, which is smaller than that of obtained Si powder.

Table 2 Isotope Ratio of Detected Si Powder

Detected Si Powder || Si Standard Solution| Natural
Isotope || Intensity | Isotope Intensity | Isotope Abun-
(cps) Ratio(%) || (cps) Ratio(%) |[dance(%)
2Si || 4,300 96.1 3,256 92.5 92.23
- o 28Si 70 1.6 149 43 4.67
Fig.8 Detected Si Powder i 10 B3 110 s 10

The isotope ratios of detected Si powder are shown in Table 2. ICP-MS(Inductively
Coupled Plasma Mass Spectrometry) was applied to the analysis, the tabulated values
were averaged by 5 times measurements. 2Si of detected Si powder is smaller than Si
standard solution as shown in the table. The isotopic composition of Si powder detected
in the apparatus after an experiment was different from natural Si abundance.

Judging from the above results, the authors consider that the detected Si powder is
composed of nuclear products and Si impurities in the solution. We should confirm this
result by performing the experiments with the improved solution that contains small
amount of Si.
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Abstract

Energy dispersive X-Ray spectrometry, methods of X-ray fluorescence (XRF)
and Particle Induced X-ray Emission (PIXE) were applied to analyze the product of
carbon arc in light water. The result revealed increase or appearance of many kind of
elements; Si, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, and possibly heavier elements,
however, the relative abundance including null varied case by case. Among them, a
dominant product Fe was found only in the larger debris.

Among XRF inspections applied to the arc traces of used electrodes, an anode
showed metallic elements, which suggests that transmutation reactions take place on

the anode surface.

1. INTRODUCTION

The generation of iron from carbon arc was discovered by Osawa [1] in 1964,
since then no scientific study had been done on this mterestmg subject until early
nineties: Ogura et al.[2,3] reported their analysis of carbon arc product in water
applying ICP-MS in 1990 and 1992, however, a problem had been involved in their
sampling method ; they analyzed only the filtrate. In 1994, Sandaresan and Bockris [4]
verified the appearance of iron in the carbon detritus produced from carbon arc in water
under the existence of dissolved oxygen, Singh et al. [5] found out that iron from carbon
arc had the same isotope composition as the natural iron, and that elements such as Si,
Ni, Al, Cr, Mn were also accompanied with Fe.

Considering the importance of carbon arc in the field of cold fusion, more
studies are required. In the present study adopting X-ray spectrometry as the analytical
means, much more elements than reported are easily identified and the site of nuclear

reaction can be located as the discharge part of anode.
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2. EXPERIMENTAL

2-1 Materials: Two kind of highest purity carbon rods (6 mm in diameter) for emission
spectroscopy were used, the one being soft type made in Hitachi Chemical Co., and the
other hard type from Toyo Tanso Co.. The highest purity water (R>18.2 MQ"cm) used for
XRF analysis was the product of Osaka University. The arcing was done in a Teflon
beaker (1 litter), and only plastic devices were used in the sampling stage (Quality of
water used in the case of PIXE analysis was not so high; R >10 MQ-cm and Pyrex glass
beaker was used).

2-2 Power Source: A DC welder (single phase, full wave rectifier with a choke coil, max.
capacity 50 A). The current was measured by a digital clamp meter.

2-3 Analysis: At the beginning, PIXE (Particle Induced X-ray Emission) was applied for
the elemental analysis because of its high performance in speed and accuracy; however,
its use was very limited due to the time-sharing usage imposed on this apparatus
connected to an accelerator. Thus, an energy dispersive fluorescent X-ray spectrometer,
SEIKO-SEA2001 was adopted, in which a sample is illuminated by a collimated beam of
the characteristic X-rays of Rh, the diameter and the dominant energy of the beam being
10 or 3 mm and 20.2 keV, respectively. The fluorescent X-rays are detected by a SSD
cooled by liquid nitrogen, and processed to a spectrum as shown below. The time
necéssary for data acquisition was around 30 min.

2-4 Sampling : The position of carbon electrodes was manually controlled to ignite arc.
The arc current and the inter electrodes potential varied irregularly, and the arc itself
disappeared occasionally, the typlcal input power being about 600 W (around 30 A 20 V).

Under this condition, enough amount of carbon debris for the analysis was obtained
within 1 hour including intermissions for cooling to avoid excessive vaporization of the
water.

The arc treated water was kept still for one day after the carbon rods had been
removed. After decanting excessive water, much reduced volume of water containing
carbon debris was transferred to a small beaker, then the debris was pipetted to a
sample holder made of ash less filter paper for XRF analysis, weight of the dried sample
being around 5 mg. In the case of PIXE analysis, arc-treated water containing carbon
debris was filtered though a membrane filter. The filtrate was heat concentrated about
100 times, 50 micro litter of which was pipetted on a thin Mylar film of the sample holder.

Thin filter (bore size = 0.4 micro meter) carrying debris was used as the sample.
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After weighing each electrode, an end part having the trace of arc was cut off
from the rod for the analysis, and one of the opposite end was scraped off with a diamond
file or a piece of alumina ceramic to produce carbon powder to be used as the control

sample.

3. RESULTS AND DISCUSSION

Comparison between PIXE spectra A and C in Fig.1 reveals considerable
increase of Fe, slight increase of Ca, Mn, Ti, and newly appeared Cu, Zn which have not
been reported. In addition, the most interesting finding derived from comparison
between A and B is that almost all Fe exists in debris larger than about 0.4 micro meter.
Further discussion on the spectrum B cannot be made at present due to lack of the
corresponding control.

After picking off the first debris, the arced water segregated enough amount of
deposits for XRF analysis successively accompanied with decreasing Fe content; an
example is shown in Fig.2, where larger Fe signal in the control is due to considerable
contribution from filter paper used as the substrate. Since the successive deposition is
thought as the result of coagulation of colloidal particles having successively decreased
size, the XRF observation accords with the conclusion derived from PIXE stated above.

In the later experiment, analysis was extended to the arced point of the carbon
rods, but all measurement failed to detect metallic elements except one case in which
sodlum carbonate solution was used instead of pure water. In this experlment arc
current suddenly mcreased over 60 A after net arcing time of 10 min. at the current
around 35 A, which caused break down of the power source. In this case, weight loss of
the anode was 271 mg. XRF analysis applied to both electrodes revealed that metallic
elements appeared only on the trace of arc in the anode-as shown in Fig.3. From these
observations, an idea that negative oxygen ions transported to the anode may react with
carbon to produce Fe under the intense electron bombardment from the arc. In addition,
the fact that Fe is always found in larger debris seems to suggest that the transmutation
reactions may have some coherence. Anyways, more extended studied are necessary to

understand the behavior of this interesting and important system.
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Fig.2 XRF spectra obtained from Carbon debris and its control supported on ash less
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Fig.3 XRF SPECTRA OBTAINED FROM THE ARC TRACES IN THE ANODE AND
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Introduction :

By submitting various metals (U, Pd) containing hydrogen (from 2,000 to 700,000 atoms of
hydrogen for 1,000,000 atoms of the host metal) to the combined action of electrical currents and
magnetic fields, we have observed a sizeable exothermal effect (from 0.1 to 10 watts). This effect is
beyond experimental errors, the energy output being typically 110 to 250 % of the energy input and
not of chemical origin (exothermal effect in the range of tens of MJ/mole of the metal under study).
The calorimetric measurements have been made using calorimeters exchanging heat with a heat sink
maintained at a regulated temperature : either by using a differential calorimeter or by measuring the
temperature difference between the processed sample and the heat sink. Together with this
exothermal effect, we have seen the apparition, in the treated samples of significant amounts of
chemical species : Zn , Mg and Cu in the case of Palladium [1], Pb, Yb, Lu and Hf in the case of
uranium (by ICP-MS analysis of the total treated sample after dissolution compared to the
corresponding virgin samples of the same batch). Such apparition of new compounds have been
observed by many experimenters (see for instance [3],[4] and [5]). Compared to the amount the new
species formed the energy produced is typically in the range of 150 to 400 MeV per new atom found
in the treated samples.

Experimental :
Case of palladium

The calorimetric experiments have already been described [1] and will thus be only
summarized here. The most interesting results were obtained when an ozonizer discharge
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was struck through (light) hydrogen isotopes, contacting a palladium electrode (experiment
3H06) [1].

The palladium was in the form of a thin wire (diameter 250 um, 60 cm long), placed in the
center of a pyrex tube (outside diameter 3 cm, 70 cm long) and parallel to the axis of this
tube. The wire was held in position by two small steel springs, connected by small brass
hooks to the two fittings closing the ends of the pyrex tube. The palladium wire served as
the inner electrode of the ozoniser. The outer electrode was a copper tube (inside diameter
3 cm, 40 cm long), placed round the pyrex tube, at equal distance from both ends of the
pyrex tube. The pyrex tube was filled with hydrogen. The outer electrode was then
connected to the ground and the inner electrode to the high (2 to 3 kV) AC voltage
generated by a coil. An ozoniser discharge was thus struck through the hydrogen, between
the palladium wire (and more precisely, the 40 cm of this wire facing the copper tube) and
the pyrex tube serving as the ozonizer dielectric. With this design, there is no contact
between the discharge and the outer copper electrode. Note that in this experiment, the
loading of hydrogen in the palladium and the excitation of the hydrogen in the loaded
palladium (by a combination of current pulses and magnetic fields they create) is carried
out simultaneously during the experiment.

The chemical composition modifications were assessed in the following way : after the
experiment, the palladium wire was removed from the reactor and a 20 cm piece (in the
center of the 40 cm facing the outer copper electrode and weighting 120 mg) were
dissolved and analyzed by ICP-MS (CEA at Bruyeres-le-Chatel) for all elements, except
Fe, Ru, Rh and Ag that were assessed by ICP-AES. A virgin sample of palladium wire of
the same batch and same length was also analyzed according to the same procedure.

Case of uranium :

Uranium of nuclear purity, in the form of lathe turnings and coming from the same batch
(150 g) was used for both blanks and active experiment. Contrary to the case of palladium,
the hydrogen loading was done before the experiment and the activation was thus done
during the experiment on the preloaded sample. Uranium is easy to hydrogenate, up to UHj;
( 2 hours at 250°C, under 20 bars of Hydrogen). Three hydrogen/uranium systems were
used :

- solid metallic uranium, containing 700 to 2400 atomic ppm of hydrogen.
(Uranium obtained by reduction of the oxide always contains that amount of hydrogen).
: - uranium hydride of various H contents (from UH to UH3) obtained from the
Uranium batch and from ALPHAGAZ Hydrogen (quality U).

The following excitation means were applied simultaneously on the preloaded Uranium :

-electrical current, in the form of either dc pulsed current (with frequency 5 KHZ)
or high frequency ac current (with frequency 5 to 20 MHZ)

-magnetic field of intensity up to 1 T generated by permanent magnets (Fe, B, Nd
or Co, Sm). the magnetic field is applied in a direction parallel to the current direction.

-temperature from 40°c to 250°c

The calorimetric experiments were carried out in 2 different set-up :
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-for experiments using 5 kHz pulsed DC current, a differential excess power
measurement was used. It has been described in details elsewhere [2].

-for experiments using high frequency (10 MHz) AC current, the excess power
measurement was done by measuring the temperature of the sample, enclosed in a reactor
exchanging heat with a temperature regulated water bath. Precautions have been taken for
measuring the high frequency electrical power input (use of HF probes, with range 0.5 to
1,000 kHz to measure the voltages, use of a thermal ammeter to measure the intensity).

The chemical composition modifications were assessed by mass spectrometry :

-low or medium resolution ICP-MS for all species (from Be to U) and for lead
isotopic ratios

-thermal ionisation mass spectrometer for uranium isotopic ratios.
The ICP-MS measurements were performed by two different laboratories (Cogema at
Pierrelate and CNRS central lab at Solaize) and the thermal ionisation MS only by the first
laboratory. The results by ICP-MS from both laboratories are very comparable.

The dissolution procedure (by HCI or HNOs) of the samples have been described in [2].

Experimental results :
Case of palladium :

Excess energy :

Table 2 below summarizes the thermal results obtained in experiment 3H06 (light
hydrogen / palladium). It can be seen that very significant excess energy production have
been observed, on long periods.

Table 2 | Duration H Excess Mean | Exc.Ene. Power
consumed | energyon | excess | eV per Input
Period period power | atom H
(second) | (mMole H) ) (W) (W)
CAL 230 000 0 0 Calib.
INC 695 000 9.88 1737 500 2.5 1 800 | Increasing |
I 1 390 000 9.63 5 838 000 4.2 6 300 115
II 342 000 1.41 1 846 000 5.4 13 600 150
11 767 000 5.44 6 596 000 8.6 12 600 150
Total | 3424 000 26.36 16 018 300 4.7 9 000

Note that the combustion of all the hydrogen used in the experiment (26.36 mMole H)
would have yielded 6,400 J, to be compared with 16,018,300 J actually obtained.

New species in the treated sample :

Table 3 summarizes the variations in chemical species between the virgin and the treated
sample. Note that the figures are for the 20 cm of wire that were analysed. When required
(calculation of energy per atom, these figures are multiplied by 2).



Table 3 : Elements 3HO06 Blank 3HO06 — Blank

Li 5.2x10 1.0x10" 0.04x10
7 7

Mg 2.5x10' 2.2x10"° 23.0x10"
16 15 16

Al 7.2x10 2.7x10 7.0x10
C 16 15 16

r 1.1x10 1.3x10 0.97x10
Mn 3.9x10 2.6x10 0.01x10
Fe 2.8x10" 13x10 1.6x10
Ni 3.3x10 2.5x10 0.09x10"
Cu 47x10" 1.8x10" | - 0.3x10 "
16 15 16

Zn 4.8x10 4.8x10 4.3x10
14 14 13

Ir 2.3x10 1.9x10 3.8x10
Pt 3.0x10 5.2x10" -2.2x10
Au 2.9x10 4.0x10 - L1x10

The total amount of new atoms that appear in the sample (40 cm) is roughly 74.6x10",
corresponding to an average excess energy per new atom formed of some 130 MeV. This
is the order of magnitude of fission reactions .

When these results were obtained, we attributed the apparition of new species to pollution
due to the action of the discharge. We have revisited our experimental set-up and now
draw the following conclusions :

-Zn, Cu, Ni, Fe, Mn and Cr are indeed present in the reactor (steel spring and brass
hook holding it), but they are at some 10 to 15 cm from the discharge and a transport
mechanism to the palladium wire is not at all obvious.

-Al is certainly present as a constituent (2 to 3%) in the pyrex glass struck by the
discharge, and we see a 30 times increase of its content in the treated sample. But B, which
is also a constituent of the pyrex (up to some 15%) shows no variation in the treated
sample. On the contrary, Mg which is a trace component of the pyrex glass used, shows a
10 times increase. Moreover, if we attribute the apparition of Al and Mg to the effect of the
discharge, this transport would involve 3 times more Mg atoms than Al

The only new species appearing in the treated sample which might reasonably be
accounted for by pollution by the discharge, is thus Al. The three major new species (Mg,
Zn and Fe), amounting to some 58x10'® atoms have thus likely been generated in the
palladium (40 cm), yielding a mean energy per atom of some 170 MeV, which is an upper
limit of the energy released per atom by the treatment to which the palladium has been
submitted. Note that Zn have been observed by other experimenters [3],[4] and [5].

Case of Uranium :
Excess energy :

Table 3 below gives the measured excess energy, and the main operating conditions. The
energy of reaction per mole of uranium excludes a chemical origin of the phenomenon.



Table 3

Sample Frequency |Temperature |Duration |Total excess |Energy of

Reference  |kHz Range °C s Energy (J) |Reaction
MJ/mole U
U2-JD8 (C) S 170{ 153700 184400 19,5
U4-]D7 (B) S 200{ 162000 129600 571
U7-ID6 (A) 5 160-210 15000 56200 24,5
990801 5 190 < 17000 < 45
990901 5 190 141500 42,7
MHz1 1+2 9600 40-50| 353940 49700 104,7
MHz3 9600 40-50| 172250 88340 100,1
MHz4 1+2 8700 40-50| 1871400 94600 61
MHz4-5 5100 40-50| 30000 2700 18

Table 4 below shows the influence of the operating parameters :

the

€XCEess power

increases when the current increases and for the same current intensity, the excess power is
higher in the MHz range than in the kHz one. On the contrary, the activation energy of the
reaction is higher for the kHz range than for the MHz one.

Table 4
Sample Fréquence | Maximum Intensity |P max/l |Activation
Reference  |kHz Excess power |(A) (mW/A) |Energy
(mW) Ev/atom
U2-JD8 (C) 5 1500/ 13,000 115 5,5-8
U4-JD7 (B) 5 1000{ 15,000 67 5,5-8
U7-JD6 (A) 5 4000 16to0 250 5,5-8
990801 5 50 1,200 42 5,5-8
990901 5 800 14,000 57 5,5-8
MHz1 1+2 9600 380 0,500 760 1,5-3
MHZz3 9600 150 0,300 500 1,5-3
MHz4 1+2 8700 250 0,225 1111 1,5-3
MHz4-5 5100 90 0,180 500 1,5-3

New species in the treated sample
2 new chemical species appear in the treated samples, both well above the detection limits
of the ICP-MS (5 pug per liter) :

-lead (a very common specie) in quantities up to S000 ppm
-lutetium (a very rare specie) in ppm quantities

Table 5 below gives the main results obtained. It can be seen that the energy of reaction per
mole U is in the range of tens of MJ/mole, excluding a chemical origin of the exothermal
reaction observed. The energy per atom of Lu is in the fission range. The energy per atom
of lead is puzzling, varying from o emission range (samples (A), (B), (C) and MHz1 1+2)
to a very low value ( sample 990901). For this, we propose the following explanation :



Table 5

Sample Energy of |Lead ppm [Luppm |Energy of |Energy of
weight (mg) |Reaction Reaction Reaction
MlJ/mole U KeV per Pb |KeV per Lu
U2-JD8 (C) 553 19,5 440,00 1879
U4-JD7 (B) 540 57,1 209,00 2780
U7-JD6 (A) 545 245 156,00 1615
990801 888 < 45 23,70 0,30 < 3215 < 210180
990901 788 427 484400 0,47 131 1341200
MHz1 1+2 180,3 104,7 16,90 2,13 13180 104443
MHz3 210 100,1 2,00
MHz4 1+2 368 61 2,90 0,96 441068

The activated samples have high to very high lead contents. The isotopic composition of
this lead is within the range of terrestrial leads, but different from that of the blanks. (20
blank uranium samples have been analysed, yielding a mean lead content of 1.8 ppm). Two
possible sources of pollution by lead have been identified. Their isotopic composition does
not match neither the one of the blanks nor the one of the activated samples. (taking into
account the uncertainty on measurement of the isotopic ratios).It is thus quite certain that
the samples have been polluted by lead, but we cannot exclude that we have a mixture of
external lead and of lead coming from the reaction (in smaller quantities but with different
isotopic composition). Taking into account a smaller lead content in the treated samples
would result in a higher energy per atom Pb.

As regards Lu, we have found an anomaly at mass 176, which can be attributed to the
presence of Hf and Yb, together whith Lu in the samples.

Finally we can conclude from these results that one class of reaction product resulting from
the activation of uranium, might be nuclei ranging from Pb to Lu,Hf and Yb and that the
reaction energy might be in the range of fission reactions.

Conclusion :

The experimental results reported above, point to nuclear reactions occurring in Pd and U
when these metals, containing hydrogen, are submitted to the action of electrical and
magnetic fields. The energies of reaction seem to be in range of fission reactions. A
tentative explanation is given in the article “The Hydrex concept. Effect on heavy nuclei”

[1]J.Dufour, J.Foos, J.P. Milot and X.Dufour : From cold fusion to “Hydrex” and “Deutex”
states of hydrogen “Proceedings ICCF6” (1996) p482-495

[2] J.Dufour, D.Murat, X.Dufour and J.Foos : Hydrogen triggered exothermal reaction in
uranium metal “Phys Lett A” In press

[3] T.O Passel “Proceedings ICCF8” (2000) to be published.

[4] X.Z Li “Proceedings ICCF 8” (2000) to be published.

[51 G.H Miley “Proceedings ICCF8” (2000) to be published
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HEAT PRODUCED DURING THE ELECTROLYSIS OF D,0 WITH TITANIUM
CATHODES

J. Warner and J. Dash
Physics Dept., Portland State University, P.O. Box 751, Portland, OR 97207

Abstract. Cold rolling 20% appears to increase both the amounts of excess heat and
reproducibility obtained by electrolysis of acidified D,O with titanium cathodes.
Unexpected elements such as chromium and iron were detected on the surfaces of
cathodes after electrolysis. The presence of chromium was confirmed by neutron
activation analysis.

Experimental Methods and Results. Experiments have been performed using titanium
cathodes with various amounts of deformation by cold rolling, which increases the
amount of lattice disorder and stress in the cathodes.

The first calorimetric system employed is referred to as the “8-cell” system. Each
cell is comprised of a small double-walled beaker with a temperature-transducer in the
dead airspace between the cell walls. The inner chamber holds the catalyst, electrolyte
and electrodes. Each cell is sealed to minimize gas losses. Seven of the eight cells were
wired in series so the same, constant current passed through each cell. One of the seven
cells is a control cell with platinum anode and cathode and electrolyte containing sulfuric
acid and light water in the ratio one mole HSO4to 99 moles H,O. The eighth cell,
which was empty, was used to monitor ambient temperature. The remaining six
experimental cells consisted of three pairs of cells, with the cells in each pair as identical
as possible. The three pairs differed from each other in one parameter such as cathode
size (from 0.12 to 0.34 cm?) or degree of deformation. The experimental cells all
contained Pt anodes, Ti cathodes (foils, triangular in shape) and an electrolyte composed
of the ratio one mole H,SO4to 99 moles D,O. All of the data is stored in a computer for
later analysis. To analyze the experiment, the following equation is used ':

dH. dH,
7 (Excess) = i;: WL % (esc)) + f’% (end) VT —— 28 [T, % (esc)] (1),

dt dt

where subscript ¢ refers to the control cell, subscript e refers to the experimental cell,
dH,/dt (Excess) is the enthalpy released by cold fusion (or other unknown processes), AT
is the temperature difference between the cell and its surroundings, VI is the power input
into the cell, dH/dt (esc) is the recombination enthalpy lost by each cell due to escape of
gases from the cell, dHrio,/dt is the enthalpy due to the formation of titanium dioxide
which results from erosion of the cathode during electrolysis, and [dHrip./dt - dH/dt
(esc)] is the enthalpy loss due to the large difference between the enthalpy of formation
of TiD; and the enthalpy of recombination of D,O. Lost recombination enthalpy is
determined from the weight lost by each cell during each experiment.

The other calorimeter employed is a Seebeck envelope calorimeter (SEC) from
Thermonetics Corp., which allows for scaled up experiments (cathode areas from 2.81-
4.29 cm®). The cathode foils are shaped to maximize the uniformity of the electrical
current density to make the erosion more uniform, thus giving the cathode a longer life.
The SEC used here measures 18 cm by 18 cm by 18 cm in the inner cavity. Heat flows
from the cell through air in the calorimeter and through the Seebeck envelope to an
aluminum jacket incorporating constant temperature water-cooling coils.

e

161



The millivolt output signal, which is related to the heat release via an accurate
calibration process, is fed to a computer for storage®. If no temperature difference
between the cavity and the water jacket exists, no heat flux is measured and no signal is
generated. If the cavity temperature is greater than the water jacket temperature, a
positive signal is generated. The SEC was calibrated using two different methods: (1) a
control cell with Pt anode and cathode in a light water/ sulfuric acid electrolyte (three
data points) and a cell with a resistor immersed in water (16 data points). The SEC gives
a linear input vs. output relationship over the range of interest:

Power Output (Watts) = 0.216 W/mV x SEC output (mV) +0.029 W (2),

with a coefficient of determination R of 0.9996. The 0.029 W intercept at zero SEC
output compensates for thermal leakage along wires fed through a 0.6 cm inner diameter
tube inserted into the inner cavity of the SEC. These wires include the power leads to the
cell, the leads to measure cell voltage, and the thermocouples used to monitor
temperature on the outside of the cell.

According to the suppliers, the titanium used in this study (99.99 % Ti, metals
basis) was hot worked from the ingot stage to about 5 mm thickness. It was then cold
rolled to 0.5 mm thickness (about 90% reduction in thickness). It is sold in the cold
rolled condition. The Ti was obtained from two vendors: Alfa Aesar which reported
impurities of 3 ppm Fe, 2 ppm K, 2 ppm Mn, 1 ppm Cr and 20 other elements < 1 ppm.
This was the Ti used in the 8-Cell “as received” condition. The remainder of the data in
fig. 1 was obtained using Ti supplied by Aldrich, which reported that the only impurities
detected were 30 ppm Ca and 8 ppm Al. The experimental results are shown in fig. 1, in
which the excess power output (W) is a function of percentage reduction in thickness by
cold rolling of the titanium cathodes prior to electrolysis. The error values shown in fig.
1 vary from one experiment to another but the largest error values encountered are those
reported. As a conservative estimate, only those data points above 100 mW will be
reported as excess heat.

With the titanium cathodes in the as received condition, 3 of 8 experimental cells
(38%) showed excess heat. The current densities at the cathode for the 8-cell experiments
were 0.6 to 3.3 A/em? with voltages from 1.8 to 6.0 V. The SEC cathode current
densities ranged from 0.3 to 0.7 A/ecm” with voltages between 4.31t06.0 V. There was no
correlation between current density and excess heat. When the as received Ti was cold
rolled to 20% reduction in thickness, 6 of 8 cells (75%) produced excess heat. Increasing
the amount of cold rolling to 40% gave excess heat for 2 of 2 experimental cells, but the
magnitude of the excess heat was not as great as that observed for three of the cells in
which the Ti had been cold rolled 20%. At 50% reduction in thickness, 2 of 6 cells gave
excess heat, and the magnitude was less than that observed at lower amounts of
deformation. There were 7 experimental cells in which the titanium was cold rolled to
65% or greater reduction in thickness. None of these cells produced excess heat.

A possible reason for the results in fig.1 is that cold rolling increases the degree
of disorder of the material, which increases the absorption of deuterium and hydrogen,
and this enhances the excess heat effect. De Ninno et al * concluded that a grain size of
about 50 pm gives the maximum concentration of hydrogen in Pd. Both smaller and
larger grain sizes reduced the concentration of hydrogen. Further support comes from
Kamiya et al*.
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Their studies found that the H/Pd absorption ratio was maximum (0.924) at 30%
cold working and decreased to 0.842 at 90% cold work. Shock loading, another process
which increases crystalline disorder, has been found to increase the photocatalytic
activity of TiO, powder by a factor of two to three’. The optimum shock pressure was
found to be 16 GPa. Photocatalytic activity decreased at higher shock pressures, but it
was still much higher than observed for the unshocked powder.

Excess Heat vs. Reduction in Thickness By Cold Rolling

R — .
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* Figure 1. Excess heat as a function of reduction in thickness by cold rolling of the as
received titanium.

A further example of excess heat can be found in fig. 2. Here, cell 2 of experiment 2
during the Summer of 1999, in which the titanium cathode was cold rolled to a reduction
of 20% in thickness (from 0.5 mm to 0.4 mm), had almost the same power input as the
control cell (fig. 2, left). There is however, a 6°C higher temperature in the experimental
cell than in the control cell, for a period of 400 minutes (fig. 2, right). One would not
expect this kind of behavior from two cells that are identical except for the substitution
of a Pt cathode and light water in the control cell.

Cell 2, Experiment 2, Summer 99, Power In Cell 2, Experiment 2, Summer 99, Temperature

u.41r\7f77, e e

[—Experimental Cell el
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vy |aControl Cell } ol | & Control Cell |

i - N O ®M©O© 9 N W - ~ @ D o
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Figure 2. Comparison of power input and temperature of experimental cell 2 and the
control cell for experiment 2, summer 1999.
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A comparison of enthalpy output of a cell and the enthalpy released due to the formation
of titanium deuteride can also be made. SEC cathode 3 (0.3194 g) was electrolyzed for
186 hours, and using the enthalpy of formation of TiD, (94KJ/mol) one calculates an
enthalpy change of 627 joules. In addition, the cathodes were found to erode during
electrolysis at the rate of about 0.3 nm per second. The precipitate was analyzed by x-ray
diffraction and found to be to TiO,. The enthalpy of formation of TiO; (913KJ/mol) can
be used to calculate an enthalpy change of 2,302 joules. The total enthalpy change due to
these chemical reactions is 2,929 joules, far less than the actual excess enthalpy output of
179,000 joules, which was calculated using equation 1.

Scanning electron microscopy (SEM), energy dispersive spectrometry (EDS), and
neutron activation analysis (NAA) have been employed in the analysis of cathodes. It
should be noted that EDS analyzes the surface to a depth of about 1pum, whereas NAA is
a bulk analysis technique. Figure 3 shows one of the localized regions analyzed during a
post experiment analysis of SEC cathode 1 using SEM and EDS. Pre-characterization of
this cathode shows a flat, featureless topography with 100% titanium, whereas the post-
characterization showed localized regions of changes in topography and composition.
Figures 4, 5, 6, and 7 show the EDS data that corresponds to this region. Figure 4 shows
that the area S14 is composed of 100% titanium while fig. 5 (S15) has a trace amount of
Fe, 99% Ti and 1% Cr. Figure 6 shows < 1% S, < 1% Fe, 89% Ti and 10% Cr and fig. 7
shows about 9% Al, <1% S, 2% Fe, 79% Ti and 9% Cr.

Wy

S14 ‘
Ti 100%
1
1
1
1 i
i 1
< .0 5.160 keV 10.3 >
[FS= 4K ch 139= 438 cts
H 13 bxernd 7 pic 91

Figure 3.‘Region of SEC 1 titanium cathode after Figure 4. EDS spectrum from

electrolysis. The squares locate regions where region S14 in fig. 3. Tiis the
EDS spectra were obtained. only element detected.
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Figure 5. EDS of area S15. Figure 6. EDS of area S16.  Figure 7. EDS of area S17.
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These results are typical and have been found on about half of the experimental cathodes
that have yielded excess heat. It should be pointed out that thorough SEM and EDS
analysis of these electrodes is very tedious and time consuming. It is likely that further
efforts would result in the discovery of unexpected elements on all of the electrodes that
produced excess heat. The presence of Cr in an excess heat-producing titanium cathode
has been confirmed by NAA analysis performed at the Reed College Nuclear Reactor
facility in Portland, OR. Chromium (28 +/- 12 ppm) was found in an excess heat-
producing cathode, which weighed about 5 mg, and in about 800 mg of the electrolyte
from the same cell after electrolysis (0.5 +/- 0.1 ppm). This shows that most of the
chromium is in the electrolyte, suggesting that it was formed by a surface reaction and
was transported to the electrolyte by erosion of the titanium cathode. Using NAA
analysis, no chromium was found in either the titanium cathode (cut from same batch) or
in the electrolyte (drawn from same mixture) of an identical cell electrolyzed in series,
which did not produce excess heat.

Figure 8. Changes in topography on a Ti cathode. The three mound-like features in the
left photo appear to be valleys when the photo is inverted (right photo).

2 M

Ti100% |

1

|

5.160  keV 10.3 Y
ch _139= 570 cts

1
i
< .0
s
115

Figure 9. EDS of area 1 in fig.8. Figure 10. EDS of area 2 in fig. 9.

Figure 8 shows three similar formations, which were found on a cathode that did
not yield a reasonable steady state period. Due to this it is unknown if this cell produced
excess heat or not. It was determined from a SEM photo that these were not present
before the experiment. One can see from the EDS spectra in figs. 9 and 10 that area 2
shows 100% Ti while area 1 shows 93% Ti, 3% Cr, 5% Fe and a trace of Ni. Depending
on the orientation of this picture, the features may look like hills or valleys.

With the aid of a light microscope it was determined that these features are valleys (about
4 pm deep) with rims. It may be possible for transmutation to occur without producing



significant levels of excess heat. Previous studies showed that unexpected elements were
associated with certain topographical features which were found on Pd cathodes after
electrolysis 2.

One possible explanation for the appearance of these new elements after an
experiment is that these elements are impurities, which are being deposited during
electrolysis. If this were the situation, then one would expect that Pt from the anode,
which is the most abundant impurity and which can be deposited at a lower potential than
either H or D, would appear on the Ti cathode. This is seldom observed. Secondly, it is
found that the cathodes erode at a rate of about 0.3 nm per second. Over a 166-hour
period, SEC cathode 6 lost 43% of its original thickness. It would be difficult to deposit
material onto a cathode that erodes at the rate of about one atomic layer per second.
Another possible explanation for the appearance of new elements is that impurities
diffuse from the bulk of the material to the surface during electrolysis. Using the
Boltzmann equation, a conservative calculation for room temperature diffusion showed
that the average length of travel over a 166 hour period to be of the order of 102 mm. A
travel length of 10" mm would be needed to diffuse from the bulk to the surface.
Electromigration could enhance diffusion, but this should produce much more uniform
distributions of diffusing elements, not the localized concentration levels ~10* times the
bulk concentration adjacent to regions where no Cr or Fe is detected. Another factor
which makes electromigration an unlikely explanation for the observations is that Ca, the
most abundant impurity (30 ppm) in the Ti cathodes used to obtain figs. 4,5,6,7,9 and 10
is not present in any of those spectra. It should be noted that the melting point of Ca is
about % the melting temperature of Cr and Fe, so Ca should diffuse much more rapidly
than Cr or Fe.

Discussion of Results. A 20% reduction in thickness, which is in addition to cold rolling
performed by the manufacturer, gave the best heat and reproducibility results, with 6 of 8
cells showing excess heat. The mechanical treatment of the cathode by cold rolling
appears to be an important variable in the excess heat effect. The SEC experiments used
much larger Ti cathodes than the 8- cell experiments, but the rate of excess heat
production was about the same for both. The reason for this result is not known.
Unexpected elements such as chromium have been found in about half of the excess heat
producing cells. The NAA data cited above suggests that a nuclear reaction occurred,
which converted Ti to Cr. The Cr content obtained could account for about 10" events,
which could release a few thousand joules of excess heat, far less than that observed.
Therefore, other nuclear reactions may also have occurred in order to account for the
observed excess heat (~ 10 joules).

We realize that absolute proof of transmutation requires extraordinary evidence.
We have been gathering evidence for about a decade, and it all seems to fit the
conclusion that transmutation occurs, both on Pd 68 and on Ti cathodes. Reference 8
includes documentation of time-dependent changes in morphology and
microcomposition of a Pd cathode which occurred long after electrolysis was completed.
In addition, analyses obtained by secondary ion mass spectroscopy have shown that
changes in isotopic abundance occur on the surfaces of Pd cathodes after electrolysis ”*°.
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Also, analyses performed after electrolysis by inductively coupled plasma mass
spectroscopy showed that changes in isotopic abundance occurred in both a Ti cathode
and in the electrolyte'” .

We will continue our efforts to obtain irrefutable evidence. In the meantime, we can only
conclude that our results suggest that transmutation is highly probable.
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ABSTRACT

Prior thin-film electrode (layers of order of 1000’s of Angstroms) studies have
revealed important advantages. Reasonable reproducibility has been demonstrated, an
extremely high power density is obtained in the film, and reaction rates can be optimized
through selection of materials and interfaces. :

New work reported here involved studies of hydrogen isotope loading dynamics
using thin Pd wires along with excess heat studies using unique thin-film electrodes coated
on a glass plate. The wire results demonstrate a distinctive time correlation between the
onset of excess heat production and loading. The plate electrodes confirm the earlier
observation of very high excess power densities from thin-film designs.

INTRODUCTION

Research has focused on enhancing reaction rates using electrodes with thin
metallic films highly loaded with hydrogen isotopes (>0.95 protons or deuterons per host
metal atom). We have successfully used nickel, palladium, and titanium films, the most
concentrated reactions occurring with multiple films of alternate metals such as
nickel/palladium which produced evidence that this energy release has a nuclear origin.
The total energy produced over three four-week runs far exceeds any chemical source and
isotopic reaction products have been observed. Here recent flat-plate thin-film electrode
experiments are described that achieved 100-200 W/cm® power production in the films.
This result provides a start towards a practical power unit could be using a design with a
film “packing fraction” (volume of film per cell volume) of about 20%, giving an overall
cell power output > 10 W/ecm®.

BACKGROUND

The present thin-film cell concept is related to, but is a radical departure from the
original Pons-Fleischmann "cold fusion" experiment (Fleischmann 1989). Their goal was
to create D-D reactions by loading deuterium (D) into a palladium lattice by electrolytic
technique. In contrast the present Low Energy Nuclear Reaction (LENR) studies have the
goal of proton reactions with the electrode material itself. Such reactions were initially
postulated after Hora, Miley, et al. introduced the concept of enhancing reactions via the
Swimming Electron Layer (SEL) effect (i.e. creating a high electron density) at interfaces
between multi-layer thin films composed of metals with differing Fermi levels (Hora, et al.,
1993). After initial experiments to demonstrate the SEL effect failed when the films
“flaked” off of the substrate (Miley, et al., 1994), Miley and collaborators (Miley and
Patterson, 1996, Miley, et al., 1996, Miley, 1997, Miley, 1998) used improved thin-film
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electrode technology and precision analysis techniques to obtain quantitative transmutation
data on the proton-metal reaction. These experiments documented absolute isotope
production rates and provided insight into reaction "signatures" such as the "four peak"”
yield curve in mass number and also documented emission of soft x-rays and betas (vs.
high, energy radiation). Concurrently, various transmutation observations have been
reported by others, further supporting hypothesis of a p (or D) reaction with electrode
materials (e.g. in the prior ICCF-7 proceedings, see Iwamura et al., 1998; Mo et al., 1998;
Notoya, et al. 1998; and Ohmori and Mizuno, 1998; also related papers in the present
ICCF-8 proceedings).

Advantages of Thin-Film Electrodes
The key feature of the University of Illinois approach involves use of multiple layer

thin films laid down on the substrate via a unique sputtering process (Miley and Williams
1997).  Other researchers have generally employed “thick” electrodes which are
notoriously non-reproducible, probably due microcracking of the electrode, combined with
subtle differences in crystalline structure induced in the manufacturing process. Sputtering
the thin films offers better control and consistency in the crystalline structure of the
electrode. Further, the flexibility of the film facilitates stress release, helping prevent
microcracking. Films can be loaded with protons quickly (within 30-60 min.) in an
electrolytic cell (vs. weeks for solid electrodes). This in turn makes a phased loading
program feasible time-wise, starting with low loading rates and gradually increasing the
rate.

Basic Spiral-Wire Electrode Loading/Reaction Experiments

In support of the thin-film electrode studies, a basic hydrogen isotope loading
experiment was performed using a 50-um diameter Pd wire, 1-m long, as the cathode. This
wire was spiraled around a 30-cm long Teflon support to form the cathode. The selection
of a very long wire length is intended to enhance electromigration effects, hence maximize
the loading (Celani et al., 1998, 1999). A thicker platinum wire, also spiraled around the
support, served as the anode. This unusual configuration provides electrode-loading
properties similar to a thin-film, but also allows for easy measurement of loading dynamics
using a resistance technique. The wire was carefully pre-conditioned by pre-stressing and
annealing to provide reconstruction of the crystalline structure. An identical second cell
with a non-reacting platinum wire cathode was constructed to provide reference (“Blank”)
calorimetric data. Both cells used the same power supply with an applied voltage of ~5 V
and current of 5-50 mA. The electrolyte was a 10”° M/l CaSQq in D;0, cf. Celani et al.,
1998. Integrated circuit temperature transducers were used for the calorimetric
measurements. The various data channels were connected through a multiplexer switch
unit, allowing real-time on-line data acquisition. This circuitry included super-position of
AC current on top of the steady-state DC current to provide continuous monitoring of the
wire’s electrical resistivity during the run. The resistivity is in turn directly correlated with
the deuterium loading (e.g. see McKubre 1992).

The loading process started with a low build-up rate and stepped up over several
weeks; allowing time for natural annealing so as to prevent microcracking. The measured
resistivity ratio, R/Ro (Ro = initial resistivity), increased up to 1.87, then reversed in slope
drastically dropping down to 1.54. This behavior indicates the loading passed through 0.75
atoms D/Pd at the maximum resistivity and then continued to 0.97-0.98 atom D/Pd. At
that point, cf. Fig. 1, the resistance ratio suddenly underwent a violent oscillation and then
dropped back to a lower steady-state value.
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Earlier Celani et al. (1999) observed a related loading oscillation. They speculated
that it was caused by the rapid onset of anomalous heating in the wire, but they did not
observe such heating directly. Alternately, Celani et al. also suggested that the effect could
be caused by formation of the ‘so-called’, D-Pd “y phase”. In related work, Tripodi et al.
(2000) proposed a fluctuation process due to a superconducting state which occurs in the
“Y phase”, associated with a simultaneous H (D) diffusion from octagonal to tetrahedral
sites with relative filling of the latter, cf. Oriani (1994). A prime objective of the present
work was to observe the time correlation excess heat release during this process, and the
result is shown in Figs. 1 and 2. Here the time scale is expanded in seconds since initiation
of the run.

Resistivity versus time

647885 647890 647895 647900 647905 647910
Time [sec]

Figure 1. Plot of the ratio of the wire resistance to its initial value. A
resistivity oscillation occurred simultaneously with the burst of excess heat.
After the end of this recording, the oscillation damped out but R/Ro
remained in the 1.65-1.70 range for the remainder of the run.

Burst of excess heat
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Figure 2. A burst of excess heat occurred seconds before the resistivity oscillation.

As seen from Figs. 1 and 2, the resistivity oscillations were accompanied by a
sudden burst of high excess power (“excess” power, or heat, is defined as the difference
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between the power output and the power input). The initiation of this oscillation occurred
naturally during the loading process without application of any external stimulus.
Following this initial burst, an “excess” power of ~1 W (input power of ~ 150 mW) was
obtained for several hours before damage to the cell wiring forced shutdown of the run.
The continual production of excess power suggests that an exothermic phase transition can
be ruled out as the heat source since the total energy release is too large. Likewise, the
dynamics of the excess heat burst rule out possible chemical energy sources. Thus, this
result provides strong evidence for a nuclear source of energy. A next step planned to
verify this involves analysis of the wire cathode for reaction products.

The “excess” heat results (Fig. 2) and are well out of the uncertainty limits
associated with the resistivity and power measurements. An uncertainty of + 0.1 is
associated with each R/Ro point based on a random resistivity measurement error of 2
Ohms. An uncertainty of + 45 mW is inferred from an error propagation analysis of
temperature measurements, assuming a slow change in any power transient. The power
five-second burst in Fig. 2 is not correctly recorded by the calorimeter which was
calibrated for quasi-static operation. If adiabatic conditions are assumed over the short
burst (a reasonable assumption) the instantaneous power exceeded 1 kW. Subsequently,
when the power returned to equilibrium at ~ 1 W, the calorimetric scale in Fig. 2 should be
reasonably accurate.

In summary, this wire experiment clearly demonstrates the connection between a
high deuterium (or proton) loading and the “excess power” phenomena. In addition to the
unique electrode configuration the pre-conditioning and controlled set-up program are
equally important factors that enabled this dynamic measurement.

RECENT EXCESS POWER AND LOADING EXPERIMENTS
Recently, the LENR group initiated work to develop a small, inexpensive
demonstration cell (Miley et al., 1999). Initial results are summarized briefly here.

Figure 3. Photograph of a multi-layer thin-film electrode
on glass substrate being inserted into a cell.

For compactness, these new experiments employed a unique electrode
configuration where the thin-film cathode is sputtered onto a small glass plate the size of a
microscope slide (Fig. 3). The anode can be sputtered onto a separate region of the slide
(or may be a separate wire). This electrode assembly is then inserted in a small, insulated
Dewar along with appropriate temperature sensors to perform calorimetry. As stressed
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earlier, a major issue is survival of the thin-film during the harsh conditions encountered in
arun. Methods were developed to enhance bonding by pre-sputtering surface preparation,
by use of substrate bonding materials, and by annealing.

These cells were purposefully designed to operate at relatively low powers and
temperatures (few 100 mW and <30° C) to simplify the experiment. Basically the cells
employed carefully calibrated isoparabolic-type calorimetry in an open system. To date,
14 runs have been carried out with a variety of thin-film and foil coatings for the cathodes.
Further details about the operating conditions, calibration, error analysis and data reduction
are presented in Miley (1999a). Some typical results are summarized in Table I along with
a typical excess power histograph in Fig. 4 for layered Pd-Ni films (5 alternating ~ 1000 A
layers ending with Pd on the outer surface). These exploratory runs involved some
variations in the electrode coating, the electrolyte and the run conditions; thus, some
differences in excess power were expected. Typical coatings included Ni, Pd and Ti and
electrolytes ranged from 1-molar Li,SO4 in H,0 or D,O. While the H,O based runs with
Pd-Ni films produced somewhat higher excess heat than D,O, more experiments are
needed to quantify the differences.

Table I: Typical Thin-Film Electrode Results

Run # Thermal Input | Output Power | Excess Power Total Excess
Power (W) W) Energy (kJ)
W)
1_1 0.138 0.408 0.266 + 0.036 113
1.2 0.074 0.195 0.121 £0.016 61

All of the thin-film electrodes consistently produced excess power, six producing
>80% excess, a goal for these experiments. The estimated uncertainty in the excess power
levels is about = 20 mW, so the results reported are thought to be quite definitive despite
the relatively low absolute power levels. Factors included this estimate involve random
errors in thermocouple readings/calibrations plus possible temperature gradients in the
electrolyte, gas recombination, and effects from room temperature variations. A reference
experiment was also performed with a non-loading, electrode that indicated an excess
power ~1mW, well within the uncertainty limits.
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FIGURE 4. PERCENT OF EXCESS POWER VS. TIME FOR RUN 1_1

While the absolute excess powers were low, when computed on the basis of power-
per-unit-volume (or weight) of metal film very high excess power densities of ~10-20
W/gram of metal (Pd, Ni, etc) are obtained. For comparison, note power densities of 0.1-
0.4 W/g reported by Miles, 1995, using solid Pd electrodes or ~0.006 W/g reported from
“Case Catalyst” type experiments (McKubre, 1999). The high power densities achieved in
the present experiments is encourages the possibility of developing a practical power
source. A suitable cell configuration may have electrode metal films filling 20% or more of
the total cell volume, potentially giving overall cell power densities of order of 20 Wicm®,

PRIOR STUDIES OF REACTION PRODUCTS

The nuclear origin of the excess power observed in these recent experiments can be
inferred from earlier thin film studies where reaction products were measured using a
variety of analytic methods (Miley and Patterson, 1996, Miley, et al.; 1996, Miley, 1997;
Miley, 1998). A key finding was that a large array of "new" elements (i.e., different from
the electrode material) appear after the run, many with significant deviations from natural
isotopic composition. Based on these observations, especially the “four peak” mass
distributions, a semi-empirical theory that assumes proton-metal reactions, termed RIFEX,
(Miley, 1997, 1998, 1999) has been proposed to explain these reaction characteristics while
the overall energetics of the process are examined in a companion paper (Miley 2000). The
nuclear basis was further elaborated via a magic number correlation (Hora et al., 1998) and
the connection to astrophysical processes elucidated (Hora et al., 2000). An alternate
theory to explain the “four peak” distribution has been proposed by Stoppini, 1998 while
Fisher, 1998 suggests polyneutrons play a role.

CONCLUSIONS

The research described here demonstrates the potential for excess heat production
via LENRs. As seen from the citations, related phenomena have also been observed
worldwide. However, the present approach employing multi-layer thin-films offers several
very important practical advantages: fast loading with minimal microcracking, a very high
excess power density in the electrode metal, and negligible high-energy radiation emission.

While the excess power obtained in these preliminary experiments is encouraging,
higher total powers are desirable for a practical power unit. Such a scale-up would require
further optimization of the electrode design and incorporation of multiple electrodes to
increase the “packing fraction” of film material. The first step requires advances in
research, while the second represents a reasonably straightforward “mechanical-type”
modification. Other technology studies would be needed to address lifetime issues, energy
extraction, and power control techniques.
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Abstract

The PdDy system is probably the most widely studied of the simple deuterates. The evolution
of its structural and electronic features associated to the deuterium content are matter for
several publication and only few regions remain to be investigated [1]. An extremely
interesting topic concerns the interstitial site occupation at very high D concentration. Here
we present our work-in-progress results in the field.

We investigate this topic looking to the structural and electronic changes induced by D
absorption on Pd thin wire. The tool we use is ‘X-ray absorption spectroscopy’ performed in-
situ on a Pd wire charged by electrochemical methods.

1. Introduction

The X-ray Absorption Spectroscopy (XAS) technique has the ability to probe both electronic
parameters (from the x-ray absorption near edge structures, XANES). In fact, the fluorescence
yield induced by the absorption of a x-ray photon (h{] > 24340 eV) is proportional to the Pd
empty electronic states above the Fermi level. Increasing the photon energy we can probe the
local geometry (from the extended x-ray absorption fine structures, EXAFS). This feature is
strictly related to the photoelectron diffraction path into the solid. Both these characteristics
are element specific. Thus, with the combination of XANES and EXAFS one can study the
geometric and electronic structure at the same time [2]. Furthermore it is even possible to
measure in the original environment with the electrochemical cell with different deuterium
concentrations [3].

Pd atom
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Conduction
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Fermi level

hv and

X-ray monochromatized beam
(Synchrotron radiation)
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K shell

by X-ray ion by Pd K-shell electron
Flhv) =Py R=28m1< | V|K>|2Dy(hvEy
Pxe X-ray absorption cross section

R¢-1 Radiative de-excitation probability
Dy(hv-Ex)  Local density of electronic empty states
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2. The experiment

The use of XANES and EXAFS techniques in the i sifu measurements can be performed at
high photon fluxes. The 3rd generation synchrotron radiation sources combine high-energy
photons to high fluxes allowing this kind of analysis. Recent measurements performed on
similar systems pointed out the feasibility of this kind of measurements on samples immersed
in an electrochemical cell [3]. The X-ray absorption experiment reported here was performed
at GILDA beam-line of ERSF light source facility in Grenoble (France).

The Pd electrode is deposited on a glass window that seals one side the
electrochemical cell. The electrode dimensions are: thickness 50004, width SOp and length
Im. More details on the experimental set up are given in another paper in these Proceedings
(4). The D concentration is monitored by R/Rg simultaneous 4-point measurement (where Ry
is the initial wire resistance). D absorption is induced by biasing the Pd deposit up to 8 V
relative to the Pt counter-electrode and a maximum power of 200 mW. Due the limited Pd
surface area, the D, out-gassing is relatively limited. The electrolyte temperature was
monitored during the experimental run.

i

o 00 10000 12000 20000 25000
time () :

Specially designed electrochemical cell Loading curve versus time during X-ray absorbtion.

(open):

A: supported Pd wire sample
B: Pt counter-clectrode

C: Viton o-ring

3. The calculation

The study of the deuterium induced features is performed during the D loading in Pd
deposited film (each loading cycle take place in several minutes). The changes in the chemical
bonding of the Pd deuteride is studied on the XANES spectra. The fig. 4a) shows how the
main features of the absorption spectrum modify their energy position and shape with the D
content. A separate monitoring of the D concentration is given by the R/R, ratio whose values
are reported aside.

In order to extract the main structural characteristics (atomic position, lattice
parameter, atomic vibration, ...) from the measured spectra, they have to be compared with
the FEFF calculation results. FEFF is an automated program for ab initio multiple scattering
calculations of x-ray absorption fine structure. The preliminary results of this analysis are
reported on fig. 4b). We simulated the spectra relative to a series of PdD clusters (radius r. =
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n.n. distance) in which D nuclei occupy only octahedral sites or only tetrahedral sites or both.
As it is clear from the reported calculation, the XAS spectra are a site occupation signature.

Next steps in the analysis are:

- perform an evaluation of the n.n. distance from the EXAFS signal (not shown);
- evaluate the D concentration through an appropriate analysis of the R/Ry data;
- simulate all the different site occupation configuration.
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Abstract

A new procedure has been developed at INFN Frascati Laboratory in order to achieve a very high
Hydrogen or Deuterium electrolytic loading into a long and thin Palladium wire. This technique
consists in the addition of a very small amount of alkaline-earth elements into a very diluted acidic
solution. g

Because of enhancing pH values around the cathode, during the electrolysis, carbonates are able
to precipitate onto the cathode’s surface forming a thin layer which strongly increases the Pd
loading; a computer simulation has been developed to find out the proper working conditions for the
carbonates precipitation.

Loading results of Hydrogen were excellent (H/Pd= 1). The evidence of a new phase in the Pd-H
system was inferred from the basis of the variation of the thermal resistivity coefficient of the Pd
wire as a function of the H/Pd ratio.

Less satisfactory results were obtained for Deuterium (D/Pd~ 0.85, no excess heat) because of
inorganic and organic contamination normally present in ordinary heavy water. A novel procedure to
purify heavy water, developed at INFN-LNF, has permitted to achieve interesting loading, up to
D/Pd= 0.97, for several days and evidence of overheating of Pd wire i.e. “excess heat”.

We have discovered that the obtained poor results with the heavy water are mainly due to the
presence of two kinds of new bacteria living in the commercial reactor-grade heavy water we have
used for the loading tests. We named such bacteria (Ralstonia and Stenotrophomonas genera)
“Detusculanense” specie.
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Introduction

After ten years of experiences the appearance of excess heat, in the so called “Cold Fusion
Phenomena”, according to our opinion it seems to be related to the contemporary occurrence of two
different and well defined processes:

a) Overloading of Deuterium in the Palladium lattice and, simultaneously,

b) Movement of Deuterium into the Palladium, without losing of overloading.

The main problem in these kinds of experiments, since 1989, has been the poor reproducibility of
results.

According to our experience, the typical excess power (during the rare “lucky” conditions we have
dealt with) was about 5 + 10% of the total input power; such an excess power rose, in our “best
experiment”, up to a maximum value of 200% for many hours [Ref. 1], corresponding to a
remarkably large absolute power value (over 100 Watts). During this “best experiment”, obtained
with a long (180cm) and thin (0.1mm) Pd wire, the very large excess power lasted over 12 hours
(Fig.1) and we were able to make several different controls (about the realty and the absolute value
of excess power). During this phenomenon we switched off electrolysis current for some minutes and
the plot clearly shows the wire de-loading; after switched on again, wire re-loaded and gain
recovered but the effect extinguished in a few hours.

In order to reduce the irreproducible results we decided to develop and test a new electrolytic
procedures starting, as a reference, from the simpler Hydrogen/Palladium system.
The main targets, “ a really suitable” for new loading technique were the following:

- H/Pd:>0.95 9 R/Ro: <1.5;

- Time to get H/Pd >0.95: <50 hours;

- Stability of overloading: > 4 hours;

- Success rate: >60%.

The maximum loading ratio H/Pd or D/Pd, ever achieved by gas pressure at room temperature,
according to the literature, is 0.97 at 50000 atmosphere of pressure (Baranowski data, presented at
the Conference of Kawasuci, Japan, Oct.”94). The aim of our new procedure is to approach and even
overcome such a value.

It is, in fact, a common experience in Cold Fusion studies that, in order to achieve “anomalous
excess heat” it is necessary (but not sufficient) to overcome a certain threshold in the high level
region of the D/Pd ratio: M. H. McKubre, at SRI International, performed some systematic studies
about this aspect [Ref. 2].

— Typical experimental problems

Dl;ring the loading, the Pd volume increases up to 13%, usually in a not homogeneous way. This
kind of behaviour is the origin of several drawbacks, capable to seriously affect the loading process:

a) superficial cracks (paths for H or D de-loading);
b) dislocations, internal vacancies ( production of, high pressure, micro-bubbles of Hy/D, inside
the defects).

Both the problems are known to be related to the purity and “history” of Pd.
In order to reduce the influence of these hardly controllable parameters, various procedures have
been generally adopted. The most common of them can be summarised as following:

a) large (>500mA/cm2) current density, in order to increase, according to the Tafel law, the
cathodic over-voltage;

182



b) time pattern of current (like, e.g., the “low-high Takahashi procedure”, developed at Osaka
University since 1991 or the “high peak- power pulse method”, developed at INFN-LNF
since 1994).

Such procedures in any case do not solve completely the problem of reproducibility.

INFN-LNF procedure

The loading measurements, expressed as H/Pd or D/Pd, were performed on-line and in-situ, by
measuring the variations of Pd resistance [Refs. 3,4], which are known to change, depending on the
ratio of H/Pd and D/Pd (fig. 2) [Refs. 5].

The main characteristic of our method is to induce the precipitation of carbonates, directly on the
wire surface, during the electrochemical loading of the Pd wire, as far as to form a semi-permeable,
thin and homogeneous barrier, which allows the entrance of Hydrogen or Deuterium into Pd lattice
as atomic H or D [Ref. 6]. Such a barrier acts as a poison for the recombination processes: H+H=H,
or D+D=D2.

Such a layer was expected to increase the cathodic over-voltage, through the inhibition of the H-H
recombination process.

A peculiar electric circuit has been developed in order to achieve a complete decoupling between
electrolysis dc-current (power supply) and Pd wire ac-current (resistance measuring) (Fig.s 3, 4).
Furthermore, the cathodic electrolytical current is periodically inverted in such a way that,
alternatively, (using a 100 seconds period square wave) the most-cathodic part of the wire is
converted into the less-cathodic one and vice-versa: such a procedure (using the “twin relay control”
block reported in the plot) is useful for a more homogenous loading.

A further important characteristic is the wire’s diameter, which is as thin as 50 micrometers in our
recent experiments. This allows for the following advantages:

- High current densities can be achieved with low electrolytic currents (and consequently low
input power).

- Because of the high value of the wire’s resistance the relative error of the loading of the Pd
wire is strongly reduced.

- The loading kinetics are increased.

- The dimension of the H/D bubbles released during the electrolysis, for geometrical reasons,
cannot exceed the diameter of the wire. Taking into account that the internal pressure of a
bubble of gas increases by decreasing its diameter, it is convenient, in order to prevent
eventual de-loading, to maintain as low as possible such a diameter.

- Possibility of changing, in large amount, the pH range (9-13) of the solution just around the
cathode surface, by changing the electrolysis current density: specific computer simulations
were developed for this purpose (Fig.s 5; 6), [Ref. 6].

Other important characteristics of our method regarding both the electrolyte composition and the
procedure for the acquirement of the proper coating on the cathodic surface, can be shortly
summarized:

- It is possible to obtain an electrolytic environment (around the cathode) where, depending on
the electrolyte composition and the current density, it is possible to control the solubility of
alkaline earth carbonates. It is well known in fact that, depending on the electrolytic current,
the pH around the cathode rises up, allowing carbonates precipitation: their solubility is
actually pH controlled.

183



P81

100 S— - T i S :
[Py =50 - 60 Want | A [R/Ro] . CELL_ELECTRIC_CONNECTIONS
250 \ Pd wire : d=50um, 0 =33cm, Surface=0.5em?
\" 1.98 IMPEDANCE iy
. BOOSTER — — ST e [
200 . A D N
W 1.9 =~ 7 i 100
. CONIROL
Pt Pd
£ 150 .s b b
= 188 ¥ ELECTROLYTE
[ -
100 e e
1.3 ¥
~25 V +
50 #ELA - "
L.URIIE.NI N C
l.75 CONTROLLED L P
I 10Q
o V = SET at Vmax (250v) B ‘VW‘J‘Q‘H%‘@ W" e
lem ZENER | \
el SR 2N o AC GENERATOR

and DECOUPLER

CCD(INS3 1)

Fig. 1 — Excess heat evidence: Once, a test provided a very large amount of
excess power (up to 100 W) correlated to the R/Ro resistivity drop (high D/Pd | Fig, 3 — Apparatus set-up: electrolytic cell, D.C. power supply block and a.c.
loading) with a thin long Pd wire; this effect lasted for many hours. resistance measurement block; all electric and thermodynamic parameters are

acquired by several Digital Voltmeters (DVM) controlled by a computer.

2 -
Fig. 2 -
Normalised Palladium resi- RELAY a >
. CONTROLL
vg stance  versus  Hy drogcn
(Deuterium) molar fraction Edges ——___ Y i msiay
of Pd. Peak value is: H/Pd= \ 2
221, 0.75, R/Ro= 1.78 (Hydrogen) oN OFF ON o
" 50 5 s
- D u and D/Pd= 0.75, R/Ro= 2.0 ¥ : = *
= (Deuterium). Gralees. VIR
it Maximum known loading is Steady Conditions (Typical operative Condition) :
. i - Tieeteysis = 20~60 mA, gy = 5 mA
H(D)/P d= 0.95 at R/Ro= 1.4 Fdges : Effective time i; .r‘m.a 2 ms. The Pd is pot conmected. > NO ELECTROLYSIS
* Vi increases toward the MAX value allowed from the P.S.
05 * At connection, we have :
= * Vpapt = Viax reached after 2ms = Ipieieysin®s 100 mA
“leaivan = (Vias— Vzener—70) Ex.  (250-406-70)
10 + 10 +Rpq = v s - 3A
1 — + + +
000 020 0.40 0.60 0.80 1.00 Fig. 4 — Detail of the electrolysis control logic: The “twin relay control™ block

TiD)/Pd and diodes chain have been used to improve the loading,




G8I1

100

80

60

40

thickness (nm)

20

10.9

108

pH

10.7

10.6

10.5

T T T T
co2 Laabsbb
(I= 50 mA/cm: °) A°‘,A‘AAA°A 40 um)
- AAA .......... il
iy anuos (20 pM) i
..AD'J‘ R ]
| a0 ;
[ o :
L8 o ccacess (10 uM)
coo0s ¢ k. ;
0 10 20 30 40 50
time (s)
T *z e T ! 3t i
(I=50 mAlcm °) I
: (40 uM)
ot e e s e S aAARASAS i}
AMA“AM&
s
wa (20 uM)
s
2 L T S .. S T S, ]
& a
4 0
a O @
a o
It 2O R =
by, <
i AAM,
i I . .
0 10 40 50

0
time (8)

a)

b)
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a; SrCO, deposition thickness versus time at 12.5, 25, 50, 100 mA/cm’ ;

b) pH variation versus time at 12.5, 25, 50, 100 mA/cm” current density. A com-

parison with other fits indicates that the slope of the curve becomes more flat
when the loading (at low current) is very high.




- Itis possible to control the thickness of the deposit, in a feed-back way, changing the amount
of acid and therefore the pH of the solution or by properly changing the values of the current
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