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Preface

This is Proceedings of the gh Meeting of Japan CF Research Society, JCF8, held at Doshisha University,
29-30 November 2007.

Japan CF-Research Society (JCF) was established in March 1999, with scientific presentations and annual
general meeting JCF1 at Osaka University on 29-30 March, aiming at promotion of CF researches in Japan
and sending the information to the world. The CF researches concern investigation of nuclear reactions that
have been newly found and are considered to be taking place in the environment of condensed matter. The
main goal is to develop science and technology to extract meaningful energy and extensive application of
the CF phenomena. The CF researches are based on a variety of scientific fields and require collaboration
efforts from nuclear physics, fusion science, radiation physics, quantum science and technology,
accelerator and particle beam science, laser science, molecular dynamics, condensed-matter physics,
surface physics, catalysis science, physical chemistry, metallurgy, electrochemistry, hydrogen science,
thermodynamics, acoustics, and so on.

Following JCF1, we have successfully organized JCF meetings almost every year; JCF2 (Hokkaido
University, 21-22 October 2000), JCF3 (Yokohama National University, 25-26 October 2001), JCF4 (Iwate
University, 17-18 October 2002), JCF5 (Kobe University, 15-16 December 2003), JCF6 (Tokyo Institute of
Technology, 27-28 April 2005), and JCF7 (Kagoshima University, 27-28 April 2006). For almost all
meetings from and after JCF4, we have published electronic versions (via internet) of Proceedings in
addition to their printed versions, which are written in English. This is because we strongly intend to be one
of the key societies for international cooperation and information exchange.

The scientific area of CF researches in the world is now called Condensed Matter Nuclear Science (CMNS),
since establishment of The International Society for Condensed Matter Nuclear Science (ISCMNS;
http://www.iscmns.org/) in 2003. Accumulation of research efforts by researchers in the world since. 1989
has revealed existence of nuclear reactions in condensed matter that are considered to occur by synergic
effects of nuclear and condensed-matter physics under peculiar circumstances in the condensed matter.
Concrete results obtained in latest reports are especially noteworthy. Clean deuteron-related fusion with
*He ash and cold transmutation of host metal and/or added nuclei in metal-hydrogen isotope systems are
regarded as actual consequences of latest CMNS studies, both in experiments and theories. JCF has been
keeping close relation and collaboration with ISCMNS and researchers in the world.

Papers submitted to JCF8 have been peer-reviewed by JCF Editorial Board chaired by Professor Hiroshi
Yamada, Iwate University. One or two referees were offered to review each paper submitted, who made
extensive reviewing to give constructive comments, questions and recommended corrections, if any. After
receiving the revised versions, the papers have been accepted for publication. This book/file, Proceedings
of JCF8, does not necessarily contain all contributions presented at the JCF8 meeting. Some authors are
permitted, if they whish, to make their contribution as “A note without reviewing” within 2 pages. Program
and Abstracts of all the presentations are available on a JCF webpage http://dragon.elc.iwate-

u.ac.jp/icf/JCF8/.

We thank all participants of JCF8.
March 2008,
Akira Kitamura (Prof., Kobe University), Director-in-Chief, JCF
Hiroshi Yamada (Prof., Iwate University), Chairman, JCF Editorial Board
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Abstract:

Hydrogen storage Pd has Raman active optical phonons induced by hydrogen-hydrogen

interaction. In this study, Raman spectra of PdH, and PdD, were measured for some hydrogen storage rates at
room temperature. As a result, a broad peak was detected at 56meV for PdH, and PdD,. The isotope effect
was not observed. These measurements can be done for the samples completely sealed in a glass tube cutting
off the external air. If repetitive measurements are done, the change of phonon states in hydrogen storage Pd
can be detected along the passage of time. This will lead to the detection of nuclear reaction in Pd as a large

change of phonon states.

1 Introduction

When laser light is scattered from lattice vibration,
most photons are elastically scattered. It is called
Rayleigh scattering. However, a small fraction of
scattered wave has different frequency from that of
incident wave. In this case, the frequency shift Av is
called Raman shift, which is created by the interaction
between incident laser light and optical phonon. If the
frequency of the scéttered wave is increased, it is called
anti-Stokes scattering. If it is decreased, it is called
Stokes scattering. They are schematically sketched in
Fig.1.

molecular vibration

anti-Stokes scattering
v+Av

lattice vibration
incident laser wave

frequency v ‘ Rayleigh scatterig

ANNNN ] v

Stokes scattering
v-Av

Fig.1 Scattering of laser light by lattice vibration.
Stokes and anti-Stokes scatterings are called Raman
scattering.

The energy diagram of these scattering is shown in

Fig.2. The Stokes and anti-Stokes scattering are called

Raman scattering. In Stokes scattering, energy of the
incident laser light hv is temporally absorbed by
phonon in the ground state and it is exited to a virtual
state. Then scattered light with frequency v-Av is
emitted and the phonon is fallen to the first exited state.
The anti-stokes scattering is occurred by the excitation
of phonon in the first exited state and scattered light
with frequency v+Av is emitted. Therefore, the Raman

shift Av includes the information about the optical

phonon.
virtual
states
A
Rayleigh Stokes anti-Stokes
scattering scattering scattering
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Fig.2 Energy diagram of Raman scattering.
The thicknesses of the arrow roughly show the
population.

This study shows a method to observe the states of
optical phonon in hydrogen storage Pd using Raman
spectroscopy. In solid state physics, it is well known

that pure Pd lattices only have acoustic mode lattice



vibrations, because it forms perfect fcc structure.
However, hydrogen—hydrogen interactions in Pd induce
optical mode lattice vibrations [1]. This means that
optical phonon in hydrogen storage Pd can be observed
by using Raman spectroscopy. In this study, we have
tried it for PdH, and PdD,.

This method can be applied to the detection of the
nuclear reactions in Pd. This is done by the repetitive
measurements of the Raman spectra of hydrogen
storage Pd. In these measurements, the large changes in
Raman spectra may inform us the effects from the
condensed states of hydrogen and nuclear reactions in
Pd. For example, the estimated result for the repetitive

measurements is shown in Fig.3.

Count

Raman Shift

Fig.3 Estimated result for the repetitive measurements.

In Fig.3, the Raman spectra along the passage of time
as t;, tp, t; and t4 can be seen. These data may contain

the information about the events in Pd.

2 Raman spectroscopy

The Raman spectroscopy system we used in this
study is shown in Figs. 4 and 5. This measurement can
be done for the sample completely sealed in a glass
tube cutting off the influence of the external air,
because glass materials are Raman inactive. The
standard scanning time for this measurement is 15
minute. So we can easily observe the change of phonon
states along the passage of time by repetitive
measurements.

The wave length of the incident laser light for the

excitations of phonons was fixed at 532.25nm. And the

measurements were done at room temperature.

Fig.4 Raman spectroscopy system (NRS-3100 made by
JASCO).

Fig.5 Detection chamber of the system. Hydrogen
storage Pd sealed in a grass tube is put on the stage.
The conditions for the measurements are following.

Exposure time :  50.00 sec
Integration times : 5 times
Objective lens : UMPLFL 20 X
Excitation wavelength : 532.25 nm

3  Hydrogen storage

In this study, the hydrogen storage rate was
determined by the constant volume method. The sketch
of the storage device composed by grass tube is shown
in Fig. 6. This device consists of two parts. One is the
space with a constant volume V,, which is used for the
calculation of the storage rate. The other is the
hydrogen storage unit. After the storage, the hydrogen
storage unit including the Pd sample is taken off and
put on the stage in the detection chamber, which is

shown in Fig.5.



The gases we used here were 99.9% H, and
99.6 % D,. The Pd was 99.9% purity, and size of 15mm
X 5mm X 0.Imm.

manometer

|

Gas —m —

vacuum

\*

e M)

Pd

‘Fig.6 Hydrogen storage device.

4  Results and discussions

The Raman spectra for some storage rates at room
temperature are plotted in Figs.7 and 8. In both of them,
the data for the pure Pd and the back ground are also
plotted for comparison. Seeing the results for PdH, in
Fig.7, broad peaks induced by the interactions between
protons in Pd exist at 56 meV for every concentration.
They are consistent with the results of Sherman et al.
which has a peak at 58.5meV [2]. Sharp peaks at
80meV and 210meV are due to PdO and Ne,

respectively. The surfaces of the Pd plates we used
were slightly oxidized and PdO peak was detected. Ne
peak was detected, because Ne ramp was used for the
reference signal. Other sharp peaks are unknown noises.
For the case of PdD, in Fig 8, a broad peak at 56meV
due to D-D interactions was detected. This is
inconsistent with Sherman’s result which has a peak at
39.7meV [2]. PdO and Ne peaks were also detected
here.

We consider that the isotope effect at 84K and 18K
reported by Sherman et al. [2] has disappeared in our
experiments at room temperature. Now, we have no
appropriate theoretical explanations for the mechanism
of them. However, the condensed states of deuterons in
Pd [3] may affect the phonon states and then change
Raman spectra. The paper of Kalman [4], which
reported that phonon exchange of each branch between
quasi-free particles (deuterons) moving in a crystal
lattice partly filled with deuterons can lead to an
interaction potential that becomes attractive for small
distances with increasing deuteron-density fraction,
also suggests the possibility of the drastic change of
phonon states in PdD,. Additionally, we consider that
the theory for spin-magnetic moment by Sasabe and
Tsuchiya [5], which suggests the possibility of the
reduction of Coulomb interaction in solid, should help

to solve this problem.
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Fig.7 Raman spectra of PdHx.
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Fig.8 Raman spectra of PdDx.

Conclusions

The elementary data for the Raman spectrum of
PdH, and PdD, for some storage rates at room
temperature were obtained. They include the
information about the quantum states of protons
and deuterons in Pd. As a result, a broad peak was
detected at 56meV for PdH, and PdD,. The
isotope effect reported by Sharman [2] was not
observed here.

In this paper, we have shown the methbd how to
detect the nuclear reactions in Pd by measuring the
change of phonon states. In near future, we will try
to have repetitive measurements and investigate
the change of phonon states along the passage of
time. If nuclear reactions are occurred in Pd, the
phonon states may change largely. They are able to
be detected as the large change of Raman

spectrum.
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ABSTRACT

According to the recent experimental results by several researchers, it has been supposed that the fine-processed
sample, such as nano-size Pd or multi-layered Pd complexes is connected closely with the trigger condition for
LENR (low energy nuclear reaction in condensed matter). In this study, we investigated the deuterium absorbing
and desorbing behavior followed by LENR in heterostructure sample of Pd and different kind of materials. As a
result, it was found that the deuterium absorption capability was different in the sample materials. In addition,
anomalous heat evolution with explosive gas desorption, which might be concerned with nuclear reaction, was

observed in a specified experimental condition.

Keywords: heterostructure, nano-size Pd, deuterium absorption and desorption, CR-39

1. Introduction

It has been known that nano-size Pd cluster is
capable of absorbing hydrogen effectively, rather than
the bulk Pd [1,2]. Such property of fine Pd cluster is
possibly connected with the trigger condition of low
energy nuclear reaction (LENR) in condensed matter.
For instance, Arata proved helium production in
deuterium absorption process to nano-particle Pd [3].
On the other hand, Iwamura has reported that the
selective transmutation occurs in permeation of D
through thin-layered Pd/CaO complexes [4].
Yamaguchi observed the excess heat and helium
production in controlled deuterium diffusion from the
heterostructure Au/Pd/MnO sample [S]. Lipson also
reported charged particle emissions in deuterium
diffusion from Pd/PdO sample [6]. In these
experiments, the fine structure of the sample, ie.
nano-size Pd or multi-layered Pd complexes, is
thought to play an important role for inducing LENR.

Considering these experimental results, we
performed the deuterium absorption and desorption
experiment using heterostructure samples such as
Pd/Au, Pd/CaO and Au/Pd/CaO. In this paper, we
report characteristics of the deuterium absorption and
diffusion processes followed by nuclear phenomena
for each sample type.

2. Experiment

In the present experiments, we tested the
following heterostructure samples; Pd/Au, Pd/CaO,
AwPd/CaO. The Pd foil (4 mm x 25 mm x 0.1 mm in
size, 99.95 % in purity) was washed with acetone and
aqua regia. Then, Au and/or CaO layers were
deposited onto the Pd foil by Ar ion beam sputtering.
The thickness of Au and CaO layers were
approximately 600-800 nm and 20-40 nm,
respectively. After that, the sample was loaded with
deuterium under 10 atm pressure for 10 h. The weight
of the sample was measured before and after loading
and the loading ratio (D/Pd) was obtained from the
difference. After loading, the sample was set into the
chamber which has a cylindrical shape with volume
of 880 cm’ equipped with a turbo-molecular pump to
be evacuated. The pressure in the chamber was
measured by an ionization vacuum gauge. A DC
power supplier supplied constant current to the
sample through chrome steel clips in the chamber.
These clips were also utilized for fixing the sample.
The sample temperature was measured by a
thermocouple with an accuracy of +1°C. The
experimental apparatus is shown in Fig.1.

After evacuating the chamber to a pressure
below ~10™ Pa, the temperature and the pressure in
the chamber measurements were started. Then, the
sample was supplied with an electric current of ~4 A.
The experiment continued for about 24 h. The sample
was taken out from the chamber after the current was
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Fig.1. Experimental apparatus.

stopped and weighted to estimate how many D atoms
remained in.

The CR-39 track detector (Fukuvi Chemical
Industry) was used for charged particle detection as
the evidence of nuclear reaction. The detector is made
of diethyleneglycol bis allylcarbonate with thickness
of Imm. When a charged track crosses the detector
the material was damaged along trajectory. As the
velocity of etching in chemical reagent for the
damaged zone is larger than other area, the track pit
appears after etching. We used optimal etching
conditions 5 N NaOH solutions at 70°C for 7 h.
During the experiment, 4 pieces of CR-39 were
placed surrounding the sample. Each detector faced
front surface, back surface, and two short side edges
of the sample, respectively.

In prior to the experiment, the background
behavior was examined for the distribution of the
number of tracks on the detector (Fig.2). The
averaged number of tracks for 44 background runs
was 11.1. If there is a large excess in the number of
tracks in a foreground run, it can be considered as the
emission of charged particles. The diameter
distribution for the background tracks is shown in
Fig.3. The energy calibration for alpha tracks was
also performed using **'Am. The track diameter as a
function of the energy of alpha particles is shown in
Fig.4. The scattered plots in the energy range 1-3
MeV are our calibration results. The energy was
adjusted by changing the distance between the alpha
source and the detector. The solid line in Fig.4 was
cited from the results obtained by Roussetski et al [7].
Since their etching condition was the same as ours,
both data can be connected. For alpha particle with
the energy below ~3 MeV, the track diameter does
not correspond to the energy clearly, while, the
energy can be roughly estimated from the track
diameter below 10 um (energy above ~4 MeV).

naenRe o 8 o B8 oo BBy

0 20 40 60 80 100
Number of Tracks [/cm?]

Fig.2. The number of tracks for background runs.
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Fig.3. Track diameter for background runs.
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Fig.4. Calibration data between track diameter and the
energy of alpha particle.

3. Results and Discussion

The D/Pd for each sample type is shown in Fig.5.
Note that the D/Pd shown here is obtained averaged
over the sample entirely. The heterostructure seems to
help achieve higher D/Pd comparing with plain Pd
foil. Especially, the sample coated with both surface,
i.e. Au/Pd/CaO, shows high D/Pd. We also
investigated the D/Pd of the sample Pd(40nm) /
CaO(2nm) / Pd(0.1mm), which is similar sample to
that used in deuterium permeation experiment by
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Fig.6. Time dependence of the temperature and the
pressure for Au/Pd sample (Top) and Au/Pd/Ca0 sample
(bottom).

some researchers. [4,8,9,10]. The D/Pd for the sample
was sometimes quite high, but not always. These
results suggest that the D/Pd depends on the sample
structure and the materials.

Figure 6 shows the time evolution of sample
temperature and the pressure in the chamber for
Au/Pd and AwPd/CaO samples. The temperature
increased just after applying DC current, then, it
reached to the thermal equilibrium state balancing
exothermic and endothermic process. After a certain

Pressure [Pa]

Awpd | * ‘[’/fc‘;l%‘jks AwPd/Ca0 | * ‘[’/fc‘;l%iks
Au-side 8 Au-side 5
Pd-side 133 CaO-side 290
Edge-1 113 Edge-1 6
Edge-2 4 Edge-2 2

Table 1. The number of tracks on CR-39 detector for the
runs in which anomalous heat evolutions were observed.

Au/Pd (Pd-side)

0 2 4 6 8 10 12 14 16 18
track diameter [pm]

Au/Pd (Edge-1)

0 2 4 6 8
track diameter [um]

10 12 14 16 18

Fig.7(a). Diameter distribution of the tracks on CR-39 for
the run with Au/Pd sample. The mean diameters of each
distribution were 9.8+1.9 pum (top), 9.8+1.8 um (bottom),
respectively.

Au/Pd/CaO (CaO-side)
80

0 2 4 6 8 10 12 14 16 18
track diameter [jum]

Fig.7(b). Diameter distribution of the tracks on CR-39 for
the run with Au/Pd/CaO sample. The mean diameter was
9.6£1.9 um.




Current D/Pd Initial Anomalous | Excess
Sample # | supplied Temperature | T and P in
[A] before | after [C1 increase CR-39
1 0.62 0 ~65 Yes Yes
2 4 0.62 0 ~60 No No
Pd/Au
3 0.47 0.33 ~45 No No
4 6 0.62 0 ~80 No No
1 0.63 0.02 ~55 No No
4
Pd/Ca0O 2 0.68 0.15 ~45 No No
3 6 0.65 0.04 ~75 No No
1 0.66 0 ~65 Yes Yes
Au/Pd/Ca0O 4
2 0.66 0.12 ~50 No No

Table 2. Summary table of anomalous temperature behavior and excess in the number of tracks on CR-39.

time, the heat evolution simultaneously with
explosive deuterium desorption from the samples was
sometimes observed. (see elliptical areas marked in
Fig.6) The phenomena occurred in 1 out of 4 runs
with Au/Pd sample and 1 out of 2 runs with
Au/Pd/CaO runs. In principle, the temperature should
drop in desorption process because it is endothermic
reaction. Also, it was difficult to explain the
phenomenon by Joule heat because the voltage and
the current monitored did not indicate considerable
change before and after the event. This anomalous
phenomenon does not seem to be originated by
chemical reactions. '

We surveyed tracks on CR-39 used in these runs
and found significant excess in the number of tracks
on the detector for both runs (Table 1). Now it is
supposed that the anomalous heat evolution observed
is concerned with nuclear reactions. The track
diameter distributions for those runs are shown in
Fig.7(a) and 7(b). In both cases, the averaged track
diameter was about 9.6-9.8 um. Assuming that these
tracks are originated by alpha particles, the energy
was estimated to be ~4 MeV from the calibration
results.

The dynamics of deuterium in desorption process
should depend on various parameters, such as
deuterium density in the host metal, sample structure
and materials, surface conditions, pressure of
environment, temperature, and so on. Among them,
we paid attention at initial temperature of the sample
just after flowing of the electric current. As described
above, the sample was fixed by chrome steel clips

through which the electric current supplied. In the
current setup, the contact resistance between the end
of clip and the sample was different run by run.
Therefore, the Joule heat generated there was not
always same even with the constant DC current
supplied. The temperature varied from 45 to 60°C. In
some runs, we tried to increase the current 4 Ato 6 A,
then the initial temperature was 75-80 °C. The
Temperature behavior and excess in the number of
tracks on CR-39 for each runs are summarized in
Table 2. For the runs with anomalous heat evolution
and tracks, the initial temperature was about 65°C. In
other runs which had initial temperature below 60°C
or above 70°C, anomalous phenomena, that is,
temperature increase with explosive deuterium
desorption did not observed clearly. This result makes
us expect to existence of optimal temperature for
triggering the anomalous phenomena in deuterium
desorption and it may be 60-70°C. Now we plan to
modify the experimental setup to control the initial
temperature.

We tested three types of heterostructure sample
in this study. As for the anomalies in heat evolution
and the tracks on CR-39, we did not find clear
difference in the sample materials and structure, and
further numerous trials are still needed. In the past
study, we performed similar experiment using plain
Pd foil and we did not see anomalous heat evolution
simultaneously with gas release at all. So the
heterostructure itself is supported to be necessary for
the phenomenon to occur.

Besides using heterostructure sample, we just



120000

20 30 40 50 60 70 80
20 (degree)

Fig.8. XRD results of the thin Pd layer formed on the
sapphire by sputtering.
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Fig.9. AFM image of thin Pd layer.

considered the characteristics of thin Pd film. As
mentioned in introduction, nano-size Pd is another
candidate to induce LENR effectively in deuterium
absorption and/or desorption. Then, we investigated
the structure of thin Pd layer (~20 nm) deposited on
sapphire substrate. Figure 8 shows XRD results. Two
peaks in the figure correspond to sapphire substrate,
and there is no peak corresponding to Pd crystalline.
This suggests that the Pd atoms exist with
non-crystalline state (just like amorphous). The AFM
image for the surface of the thin Pd layer is shown in
Fig.9. The grain can be seen in the image. In the
sample, Pd atoms do not form a certain arrangement
but form a kind of cluster. This arrangement of the Pd
may have an advantage for inducing LENR rather
than bulk Pd with mono- or poly-crystalline state. For
example, higher deuterium density can be realized
locally in the sample. We will examine the deuterium
dynamics in such sample in the next step.
Furthermore, the deuterium dynamics in such Pd state
should be investigated by numerical calculation such
as first-principle molecular dynamics. It is another
topic for the future study.

4. Summary

We performed deuterium absorption and
desorption experiment with heterostructure sample,
Au/Pd, CaO/Pd, Auw/Pd/CaO. The deuterium
absorption capability was different in the sample type.
We could achieve higher D/Pd ratio with Au/Pd/CaO
than the other reports. In desorption process,
anomalous  heat evolution was  observed
simultaneously with explosive deuterium
out-diffusion for some runs. There was not clear
dependence on the sample type but initial
temperature of the sample. In such runs, anomalous
tracks on CR-39 detector were also observed. These
might be the evidence of nuclear reaction. The
fine-processed sample surely has advantage to induce
the LENR. Further studies will clarify the deuterium
dynamics in such sample as well as the process
inducing LENR.
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Abstract : During water electrolysis in alkaline carbonate solutions, we observed plasma where the

voltage-current curve has a critical voltage to start plasma. During the plasma electrolysis, we observed

different behaviors compared with the conventional water electrolysis. In this region, the amount of

hydrogen and oxygen exceeded theoretical amount which was calculated by the Faraday's law. However,

we could not detect the large excess heat production.

Keyword : water electrolysis; plasma electrolysis; hydrogen generation; excess heat

1. Introduction

Water electrolysis is well known as a process
which produces hydrogen and oxygen when
potential voltage over then 1.23V at the room
temperature. In this process, oxidation and
reduction occur at an anode and a cathode,
respectively. An excess voltage is charged to
proceed this reaction, and the temperature rises.
Normally these reaction follows Faraday's law for
the amount of gas production, and the energy
balance should follow the energy conservation
law.

But in past researches, the amount of the gas
generated in the plasma electrolysis exceeded the
one expected by Faraday's law.” Moreover, there
was a possibility of an excess heat production in
the electrolysis.®

These results suggest the possibility of
developing a new method of hydrogen generation
and a new energy resource. However, the
reproducibility was not sufficient, and an
explanation of the phenomena was required. In

this study, we have studied behavior of current by
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voltage changes at different concentration of
electrolyte and measured the accurate excess heat

and gas production during the plasma electrolysis.

2. Experimental

Figure 1 is a schematic draw of the electrolytic
flow cell. The cell was composed of an acrylic
tubing, which had an internal diameter of 2cm, an
external diameter of 5cm, and was about 30cm in
length. The anode was a 2cm diameter hollow
cylindrical platinum which has 99.99% purity
55mesh. The cathode was a 1.5mm diameter
tungsten rod which has 99.95% purity. It was
placed at the center of the cylindrical anode. The
distance between the electrodes was 1cm.

The electrolyte was K,COj; light water solution
of 0.2~0.5M.

Figure 2 is a schematic draw of the flow cell
system. The electrolyte circulated in this system,
passing through a reservoir and
electrolyte flowmeter. The temperature difference
between the inlet and outlet of electrolyte was

measured with Pt resistance thermometers.
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Fig 1. Schematic draw of electrolyte flow cell

Gas

Power

Fig 2. Schematic draw of flow system

Hydrogen and oxygen generated during

electrolysis were collected in the reservoir, and

the rate of gas generation was measured.
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During electrolysis, the cell voltage and the
current, the inlet and outlet temperatures of the
electrolyte, room  temperature, reservoir
temperature, and the electrolyte flow rate were
measured.

The input energy was calculated by the voltage
and the current supplied. The output of energy
was the sum of the temperature increase of the
electrolyte, and latent energy. The temperature
increase of electrolyte was determined by the
temperature difference between the output and
inlet of the electrolyte at the cell. The latent
energy was determined from the flow rate of the
gaseous product. The energy balance was

calculated by the following equations.

E,=U-I 1)
Hy=f;-AT-d-Cp (2
H =f -AH 3
E,=H;+H, @
EB=E,,/E, )

E,, is input energy, U is the cell voltage, [
is the cell current, H is the temperature
increase of the electrolyte, f; is the
AT

between the inlet and outlet of the electrolyte

electrolyte flow rate, is the increase
temperature, d is the density of the electrolyte,
C, is the heat capacity of the electrolyte, H,
is the latent energy of the H, and O, evolution,
S, s the generated gas flow rate, AH is the
enthalpy change of the water electrolysis, E,,,

is the output energy and EB is the energy

balance.



Table 1 shows the experimental conditions
during electrolysis. In each experiment, inlet
temperature of the electrolyte were kept at
26°C,and the flow rate of the electrolyte were
fixed at the range of 600~ 800ml/min.

Table 1. Experimental condition during

energy balance measurements

Concentration of Density Cp

solution (g-cm®  (-K'gh

0.2M 1.02 4.04
0.3M 1.03 3.98
0.4M 1.04 3.92
0.5M 1.06 3.86

The gas balance is calculated as follows;

nex = (Pair _Pvapor) 've /(R T) (6)
n,=N,xI/F @)
n=n,/n, ®)

n, is gas generation per second, P, is

atmospheric pressure, P,

vapor 1S vapor pressure,

v, is generated gas flow rate, R

is gas
constant, 1 is temperature of produced gas
during electrolysis, #,, is theoretically generated

gas flow rate, NV is gas generation amount per

a

controlled during the electrolysis. In this figure,
the current shows various behavior. At the
beginning, the current increased with the
voltage( I ). After that, the current kept constant
value( I ), and then current decreased with
increase of voltage(II'). And finally, plasma
occurs, and the current became low value(IV).
These four regions had certain ranges of voltage,
and these values varied with the concentration of
electrolyte. Table 2 shows ranges of voltage of

each region.

0 100
s

Fig 3. Behavior of current

Table 2. Range of volthge of stage

electron, F' is Faraday constant, and 77 is gas

balance. Because the theoretical generated gas

flow rate was determined from Faraday’s law of

water electrolysis, the ratio of hydrogen to oxygen

was 2:1.

3. Result and discussion

Figure 3 shows the cell voltage and the current

as a function of time. The cell voltage was

C of Voltage range
electrolyte Stage [ StageIl  Stagelll  StagelV
02 72.4V 89.6V  126.7V
. -‘ ~ ~ ~~ ~
Mol - L 72.4V 89.6V  126.7V  84.8V
03 61.6V 777V 121.8V
. -1 ~~ ~~ ~~ ~
Ml*L™  616v 777v_ 1218V 767V
0.4 52.9V 69.9V  114.2V
. -] ~~ ~~ ~~ ~~
Mol - L 52.9V 69.9V 1142V  71.1V
05 442V 62.0V 98.6V
. -1 ~~ ~ ~~ ~~
Mol-L™ y4av  620v 986V 687V
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Fig 4. Behavior of current at different

concentration of electrolyte

Figure 4 shows the current as a function of time
during plasma electrolysis. Every experiment
proceeded for 2hours at 90V, after the plasma
formed. As a result, the current decreased with the
time.

Figure 5 shows the amount of gaseous
production as a function of time during plasma
electrolysis. It shows gas flow decreased slowly

with the time. This result might correspond to the

current
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Fig 5. Behavior of gas flow
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Fig 7. Behavior of energy out

Figure 6 shows the temperature difference
between inlet and outlet of the cell.

Figure 7 shows the energy output from the cell
during electrolysis. In these figure (Fig5, Fig6,
Fig7), every factor decreased with time. These
tendencies are mainly caused by the current
change.

Figure 8 shows the gas balance during with and
without plasma at 90V. In every concentration of
electrolyte, more than 100% of gas balance was

observed for plasma electrolysis. There was a



clear difference on gas balance between with and
without plasma electrolysis, and at least more
than 20% gas was produced at plasma electrolysis
with respect to the non-plasma electrolysis.

Figure 9 shows energy balance during with and
without plasma at 90V. At this figure we
detected large energy output for plasma
electrolysis. However, the difference is so small

that we could not confirm the excess heat.

4. Conclusions

In light water electrolysis using K,CO;, we
observed plasma. During the plasma electrolysis,
the excess formation of H, and O, was observed.
However, we could not see large excess heat.
Further study is necessary to confirm this

phenomenon.
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Abstract: We have constructed an experimental system, with which accelerator analyses including PIXE, ERDA,

NRA and RBS can be made in situ and simultaneously with deuterium gas permeation through the samples at

elevated temperature, and performed experiments using multilayered (CaO/Sr/Pd),/CaO/Sr/Pd samples. Although

consistent changes have been observed in some runs, they are within the range of experimental error. It is necessary

to increase the permeation D flux as well as the areal densities of D and the transmutation nuclei in the sample for

further study.

Keywords: Nuclear transmutation, (CaO/Sr/Pd),/CaO/Sr/Pd samples, D permeation, PIXE, NRA, ERDA

1. Introduction

It has been claimed that forced permeation of
deuterium (D) through X-deposited (Pd/CaO)/Pd
samples induced nuclear transmutation from the
element X to Y, where (X, Y) being (**Cs, *'Pr),
(®Sr, **Mo), (***Ba, '*°Sm) and (**'Ba, '*Sm) [1]. To
confirm the nuclear transmutation and to elucidate the
mechanism, we have constructed an experimental
system, with which accelerator analyses including
PIXE, ERDA, NRA and RBS can be made irn situ and
simultaneously with gas permeation through the
samples, with a sample temperature control system
added in the present study.

The structure of our Pd multilayer film sample is
different from those used in ref. 1. The basic structure

of the samples is (CaO/Sr/Pd),/CaO/Sr/Pd with an

15

exception of Run 4 with no CaO layer, where n=9 or 0.
In the samples used in ref. 1, the nuclei to be
transmuted are located on the sample surface, and
exposed to D, atmosphere. In the present work,
however, they are embedded in the sample between the
CaO layer and the Pd layer/bulk, and exposed to D
permeating through the sample. The feature of the
then as

sample is expressed

vacuum/(CaO/Sr/Pd),/CaO/Sr/Pd/D,.

2. Experimental apparatus and procedure.

A schematic of experimental setup is shown in
Fig.1. The film was mounted on a vacuum flange with
O-ring seal and the rear surface was exposed to D, gas
typically for 7 - 48 days. The sample area effective for

D permeation is 3.7 cm?® The D, gas pressure is
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Preamp.
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1 atm D, gas

Reservoir tank

Fig.1. A schematic of experimental setup.

maintained at 0.04 - 0.1 MPa by occasionally
replenishing the reservoir. The D flow rate through the
complex sample was 0.01 — 0.15 sccm, which was
calculated from the pressure change. We performed in
situ analyses for characterization of the sample before,
during and after D permeation; 3-MeV proton PIXE for
elemental analysis, 2.5-MeV 3He NRA or 4-MeV *He
ERDA for D distribution analysis. The “He ERDA
method has a spatial resolution of 80 - 100 nm. For
monitoring the incident particle fluence RBS was
applied simultaneously.

We will explain the experimental results regardless
of the order in which they were made. We start with
Run 6, 7 and 8 using CaO/Sr/Pd (n = 0) samples to
replicate Run 1 described in ref. 2. The samples were
prepared as follows. At first the Pd bulk with a
thickness of 0.1 mm was annealed for 3 hours at 570 K
after 100 second immersion in aqua regia/D,0. And Sr
atoms were deposited on one side of the Pd bulk
surface using electrochemical deposition method, by
carefully placing the Pd bulk on the surface of the
10-mM Sr(NOs),/H,O solution. Finally, a CaO layer
with a thickness of 8 nm was deposited on the Sr/Pd

samples. Each sample for Run 6, Run 7 and Run 8 has
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different areal density of Sr. And we kept the sample
temperature at 70 °C during D permeation in Run 7 and
Run 8. The rear surface of the Pd samples was exposed
to D, gas at a pressure of 0.1 MPa typically for 49 days
in Run 6, for the 26 days in Run 7 and for 20 days in
Run 8.

In order to increase the number of nuclei to be
transmuted, multilayered Pd samples were prepared for
Run 4 and Run 5: The Pd bulk was annealed for 10
hours at 1170 K after 100 seconds immersion in aqua
regia/H,0. Sr atoms were then deposited on one side of
the Pd bulk surface using electrochemical deposition
method.

Next, for the sample of Run 4, a Pd layer with a
thickness of 54 nm was deposited on the Sr/Pd surface
by RF sputtering. We repeated the process of Sr
deposition followed by Pd sputtering nine times to
make a (St/Pd)eSr/Pd sample. The sample of Run 5,
(CaO/St/Pd)o/CaO/Sr/Pd, was prepared by means of
sputtering deposition of CaO and Pd layers with a
thickness of 2 nm and 18 nm, respectively, in addition

to electrochemical deposition of Sr on the Pd bulk.



Tablel. Temporal variation of the areal densities of detected element during the permeation process in the R6 - 8.

6th | 0.42 scem 7th | 0.06 scem 8ih | 0.08 scem
Vacuum/CaO/Sr/Pd/D, Vacuum/CaO/Sv'PdD, Vacuum/Ca0Q/SrPd/D,
Time | D fluence JAreal density [1015 cm?]| Time | D fluence JAreal density [10!5cm?]| Time | D fluence |Areal density [10% cm’
] [102 cm?) Sr Mo [h] 102 cwm?) Sr Mo M | o2 cm?] Sr Mo

0 0 2602 | 5007 0 0 212+03 ] 13+0.6 0 0 46102 | 1.2+0.6

46 82 29 0.7 | 3420 10 0.3 195+03] 19+0.6 | 399 138 3.5+x02 | 1.0+£0.6

121 217 2402 | 3507 45 1.2 22703 ) 0806 | 474 163 38+02 | 1.0+0.6
194 34.8 2902 | 2307 96 2.6 229031 12x0.6
1138 205 30+02 | 2806 | 182 49 170+03] 03+0.6
1170 211 2602 | 4707 | 448 122 168 +04 ] 12+0.7
614 164 153+03] 1.1 +0.6

3. Results and discussion
First, an example of the PIXE spectra is shown in

Fig.2, and the results of the PIXE analysis in Run 6
through 8 are shown in Table 1, where the areal
densities of Sr and Mo as measured with PIXE as a
function of time or the permeating D fluence are listed.
In every run we can hardly notice any element having
the atomic number between 38 (Mo) and 46 (Pd).
Moreover, we can hardly see any consistent change in
the areal densities of Sr and Mo.

As a general tendency, the areal densities of Sr and
Mo decrease with the permeating D fluence. A possible
reason for the decrease might be sputtering by 3-MeV
protons used as the probe beam for PIXE analysis.
However, a simulation using a program ACAT have
shown that contribution of sputtering to the decrease is
2 orders of magnitude smaller than the decrease
observed or estimated as a tendency.

The typical examples of ERDA spectra obtained at
103 hours and 1120 hours after initiation of D
permeation in Run 6 are shown in Fig.3(a). We notice
an energy shift of the spectra, which is probably caused
by sample deformation resulting in change (of about 3
degree, in the present case) in the recoil angle. We also
notice small humps at the recoil particle energy of 1.3
MeV, below which recoil hydrogens (H) are detected.

We assume here that the humps are caused by H atoms
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adsorbed on the surface, and extract the H component

leaving a smoothly varying D spectrum.

Sr-Ka Sr-KB Mo-Ka  Mo-KB
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Fig.2. examples of the PIXE spectra
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Fig.3(a). Typical examples of ERDA spectra.
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Fig.3(b). Depth profiles of the D and H densities.



The depth profiles of the D and H densities
deduced from them are shown in Fig.3(b). The D
density at 103 s of 3.8 x 10% cm™ averaged over the
surface region up to the depth of 0.5 pm corresponds to
the mean composition of PdDy s, and that at 1120 h of
3.4x 102 cm™ corresponds to PdDy 5. On the surface H
concentration amounts 5 — 10 % of the total hydrogen
isotope  density, which is probably due to
ion-beam-induced hydrocarbon deposition from gas
phase contaminants. Since the distribution FWHM is
almost the same as the spatial resolution of 100 nm, the
H atoms are expected to be localized in the uppermost
layer with little mixing with bulk D atoms.

These values mean that the D density is somewhat
smaller then the saturation value, and suggest that what
limits the D flow in the sample is not only
recombination at the vacuum surface, but also by Pd
bulk diffusion. The reason of insufficient blocking of
the D flow by the CaO layer is unknown at present.

Both qualitatively and quantitatively similar result
is obtained in Run 7, which gi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>