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PREFACE

This is the proceedings of the"8leeting of Japan CF-Research Society (JCF18),
which was held on November 24-25, 2017 at Mikantitadl, Research Center for Electron
Photon Science, Tohoku University, Sendai, Japarthis meeting, 12 presentations were
given and 6 papers were submitted to the editbwalrd. They have been peer reviewed by
the referees, and revised for the publication aptbceedings.

For all meetings, JCF1 through JCF17, we publistred Proceedings. For the
meetings after JCF4, we published electronic vessiof the proceedings on our web-site
http://jcfrs.org/proc_jcf.html in addition to theprinted versions. In view of low efficiency
and low effectiveness in distributing informatiowge decided to discontinue the printed
version for the meetings, JCF12. Only the electreairsions have been published thereafter.
Any questions and comments are welcomed for theggaings.

Finally, we would like to thank all the participanand the people who have
collaborated in organizing this meeting.

Editor-in-Chief
Yasuhiro lwamura, Tohoku University
November 2018



CONTENTS

Preface: Y. IWamUra -------m-mmmmmm oo i

Deuterium desorption experiments using Pd—Zr areNReZr multi-layered samples
Y.Sato, K.Ota, K.INegishi, SINarita ----------nmnmmmmm oo e oo 1

Comparison of excess heat evolution from zirconiaperted Pd-Ni nhanocomposite samples with
different Pd/Ni ratio under exposure to hydrogerdpe gases

A. Kitamura, A. Takahashi, K. Takahashi, R. Seto, T. Hatano, Y. lwamura, T. Itoh, J. Kasagi, M.
Nakamura, M. Uchimura, H. Takahashi, S. Sumitomo, T Hioki, T. Motohiro, Y. Furuyama, M. Kishida,

H. MatSUNE === m e e 14

Reproducibility on Anomalous Heat Generation by Mé&anocomposites and Hydrogen Isotope Gas
Y. lwamura, T. Itoh, J. Kasagi, A. Kitamura, A. Takahashi, K. Takahashi, R. Seto, T. Hatano, T. Hioki,
T. Motohiro, M. Nakamura, M. Uchimura, H. Takahashi, S. Sumitomo, Y. Furuyama, M. Kishida, H.
Matsune e e e 32

In-situ XRD and XAFS Analyses for Metal NanocompesiUsed in Anomalous Heat Generation
Experiments

T. Hioki, K.Nakazawa, A. Ichiki, T. Motohiro, A. Kitamura, A. Takahashi, K. Takahashi, R. Seto, T.
Hatano, Y. Iwamura, T. Itoh, J. Kasagi, M. Nakamura, M. Uchimura, H. Takahashi, S. Sumitomo, T
Hioki, T. Motohiro, Y. Furuyama, M. Kishida, H. Matsune -------=-========m e 45

Nuclear Fusion Mechanism in Metal Crystals
K. O0Y@IMA === === mm e oo 55

Water Clusters Related to OHMASA-GAS
H. MiUE @ === e 93




Deuterium desorption experiments using Pd—Zr andNiReZr
multi-layered samples
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Faculty of Science and Engineering, Iwate Univgrsit
Morioka, lwate, 020-8551, Japan
*g0317076@iwate-u.ac.jp

ABSTRACT

We performed deuterium desorption experiments usinlji-layered Pd complex samples and investigtied
deuterium diffusion and thermal behavior. In ourerg study, we have tested Pd—Zr and Pd-Ni-Zr comple
samples. We also tested multi-layered complex sesnplth a fine-structured interface. We frequenthgerved
heat evolution in the deuterium desorption proc@ssiltaneously with a change in the electric rasis¢ of the
sample. This phenomenon is believed to be the regaltspecific property of the Pd coated with Zr rbesme

in deuterium diffusion. In addition, we observedtart-period temperature fluctuation in the desorpprocess
for the Pd—Ni—Zr with a fine-structured interface sinilar behavior was observed for a Pd—Ni samptla &
fine-structured interface. This indicates a uniquepprty of the Pd-coated Ni membrane sample, that i
deuterium diffusion from the Pd to the Ni membrame from the membrane to the Pd is likely to occur

frequently and periodically.

1. Introduction

In a previous study, we performed deuterium degmrgxperiments using various types of
multi-layered complex samples, such as Pd-Ni, Pd-#&wd Pd-Ti, and we observed
anomalous heat evolution [1-3]. In addition, ana@ual heat evolution was observed in a
deuterium desorption experiment with Ni-based nemmyposites supported by zirconia [4].
In these experiments, the phenomenon could béuatixd to a specific property in deuterium
diffusion with metal complexes, as well as the nraocale fine structure of the sample.
Furthermore, considering that Zr probably has a&ifipgroperty in deuterium diffusion and
in catalytic support as well, we performed a deuter desorption experiment using
multi-layered Pd-Zr and Pd—-Ni—Zr complex samplas iamestigated the thermal behavior in
the deuterium diffusion process. In the experimesst,also tested the multi-layered complex
samples with a fine-structured interface to in\ggge whether such a structure can induce or
enhance the anomalous phenomena.



2. Heat of the Deuterium Solution

The thermal diffusion behavior of deuterium depeadshe heat of deuterium dissolution.
Metals are generally classified as exothermic alod#mermic absorbers of hydrogen. Ni and
Ag are classified as endothermic absorbers, whileTR and Zr are classified as exothermic
absorbers. Considering the heat of dissolution,cee understand the deuterium diffusion
behavior at the interface of the metal from therted behavior. The dissolution heats of Pd,
Zr, Ti, Ni, and Ag for deuterium are shown in Tablg5].

Table 1 Heat of solution for deuterium

Metal Heat of solution
(kJ/molH)
Pd -10
Zr -63
Ti -53
Ni 16
Ag 68

3. Experiment
Sample preparation

Multi-layered samples were fabricated by depositnthin metal membrane by Ar+ ion
beam sputtering onto the surface of a Pd foil satest The size of the Pd foil used in this
study was 10 mm x 10 mm x 0.1 mfor the Pd-Zr, the thickness of the membrane was
~200 nm, while for the Pd—Ni-—Zr, the thicknesseaich membrane was ~50 nm. We also
fabricated samples with a fine structure at therfate between the Pd foil and the membrane.
These fine structures were obtained by etchingRtlemembrane using an Ar ion beam.
Figure 1 shows the surface morphology before atet afching, as analyzed by atomic force
microscopy (AFM). The etched surface has a progesteape with a width of abouty@n and
a height of 200 nm.
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Fig. 1 Surface morphology before (left) and afteght) etching, observed by AFM.

10pm

The number of trials for each condition is showiTable 2.

Table 2 Sample conditions and number of runs irpteeent study.

Sample | Membrane| Fine-structured
: : Number of runs
type material interface
1 Zr No 13
il Yes 10
il Ni, Zr No 18
% Yes 11

Deuterium loading

The samples were exposed te gas at 5 atm for ~24 h. The weight of the samplas
measured before and after loading, and the loadatig (D/Pd) was calculated from the
weight difference. Figure 2 shows the loading r&tiBd and its average for each sample. The
D/Pd values for other types of samples we havedasttil now are also shown in the plot.

The average loading ratio was found to be 0.65—7@ost samples, and no significant
difference in the D/Pd values of each sample waemed, although the D/Pd ratios for the
Pd—Zr and Pd-Ni—Zr are somewhat widely distribut€dus, the D/Pd is apparently not

affected by the interface structure or by the typdeposited metal film.
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Fig. 2 Average D/Pd ratio of each sample structure

Deuterium desorption

After the sample was weighed to measure the D/fal rawas placed in a chamber, which
was evacuated by a turbomolecular pumpo=* Pa). In the chamber, the sample was heated
by supplying constant direct current (DC) powerstimulate deuterium out-diffusion from
the sample. In the desorption test, the sample deatyre and the pressure in the chamber
were monitored continuously for ~24 h. A thermodeugnd an ionization gauge were used
for these measurements. The current and bias dpfieghe sample were also monitored
during the experiment.

4. Results and Discussions

We observed the different thermal behaviors in eléurn diffusion for each of the samples,
which has already been reported for the Pd—Zr samapthe JCF17 meeting. In addition to
these results, we show the results of samples RahZr with a fine-structured interface,
Pd—Ni—Zr, and Pd—Ni-—Zr with a fine-structured nfee.

Pd—Zr samples

Figure 3 shows the time-dependences of the sanephpedrature, the pressure in the
chamber, and the applied voltage for the Pd—Zr sandter the DC current was applied to
the sample, we observed a sudden temperature sgcvéth the increase of the voltage. This
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Temperature[°C]

temperature behavior was observed in 11 out of1Beauns for the Pd—Zr sample. This
temperature increase is regarded as the resulbuwé heating due to the increase in the
voltage. As the DC current is constant for the Anmmbrane side of the sample, the applied
voltage depends on the resistance of the Zr merabthat is, the deuterium content of the Zr
membrane. Moreover, the correlation between thengdan voltage and the change in
pressure was observed simultaneously, as shownigin3 The following scenario is a
possible explanation for this behavior. After a B@rent was applied to the sample, the
sample temperature increased and deuterium diffusethe sample. Subsequently, the
deuterium was stored in the Zr membrane, and tbetred resistance of the Zr membrane
increased according to the increase of the apphdtdge. Once the deuterium density in the
membrane reached a certain level, the deuteriumdeasrbed, resulting in an increase in
pressure and decrease in voltage. A schematic faiethis scenario of deuterium diffusion is
shown in Fig. 4.

A similar behavior to that of the Pd—Zr sample wasserved for the Pd-Zr with a
fine-structured interface in 8 out of 10 runs. Amgahem, an increase of temperature and
voltage was observed several times in 4 out ofub@ &s shown in Fig. 5. This phenomenon
is regarded as the result of deuterium diffusioauogng from Pd to Zr where deuterium is
desorbed intermittently.

Figure 6 shows an SEM image of the Zr membranaseréfter the desorption experiment.
The surface of the sample in which we observedddesutemperature and voltage increase is
compared with that of the sample without such aneiase. We clearly observed the change in
the surface of the samples in which a sudden teatyoer increase occurred. This suggests
that a large amount of deuterium was desorbed thmmmembrane surface. Thus, we believe
that the combination of Pd and Zr may set the doe®f deuterium diffusion from Pd to Zr.
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Fig. 3 Temperature and applied voltage vs. timi) @ad applied voltage and
chamber pressure vs. time (right) for Pd-Zr.
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Fig. 4 Schematic view of deuterium diffusion/degianp in the Pd—Zr sample
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Fig. 5 Temperature and applied voltage vs. timeéPfb+Zr with a fine structure.

Fig. 6 SEM image of a Zr membrane of Pd—Zr samipl@ghich a sudden temperature
increase was not observed (left) and observedtjrigh



Further specific behaviors were observed as wsllslaown in Fig. 7. We observed a
short-period fluctuation in temperature. Howeveg, did not observe a significant variation of
the pressure inside the chamber during the contsmtemperature fluctuation, which suggests
that a significant quantity of deuterium atoms was desorbed from the sample. We
observed this phenomenon in 2 out of 13 runs ferRA—Zr sample and 2 out of 10 runs for
the Pd—Zr sample with a fine-structured interfadeus, it is possible that deuterium diffusion
from Pd to Zr and from Zr to Pd occurred frequemilythis period and that the endothermic
and exothermic phenomena associated with the fiéla¢ golution repeatedly occurred owing
to the deuterium transport between the two meaalshown in Fig. 8.
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Fig. 7 Temperature and applied voltage vs. timi) @d temperature and chamber pressure
vs. time (right) for Pd—Zr.
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Temperature[ °C]

Pd—Ni—Zr sample

A simultaneous increase of the temperature anégelivas observed in 16 out of 18 runs
for the Pd—Ni—Zr sample, although the variatiortqrats were different for each run as shown
in Figs. 9, 10, and 11. If these phenomena areethdt of a specific deuterium diffusion, such
that shown in Fig. 4, it indicates that a slighffetence in the condition of the membrane
structure or the composition of Pd—Ni—Zr complex adfect the behavior of deuterium
diffusion, which results in different thermal befas.

In addition, no specific temperature behavior wlaseoved in 2 out of 18 runs, as shown in
Fig. 12. This phenomenon is considered to be atresicontinuous deuterium desorption
from the Pd side. After a DC current was appliedhe sample, the surface temperature
increased owing to Joule heating, and deuteriurargéen began. As the sample resistance is
decreased by the desorption of deuterium, the eghploltage decreases as well. In addition,
deuterium desorption from Pd is an endothermicti@acthus, the temperature of the sample
gradually decreased.

We examined the correlation between the temperdiahavior and the sample surface
condition using SEM. SEM images of the Zr membrauefaces after the desorption
experiment are shown in Figs. 9-12. Figure 13 shawSEM image of the sample surface
for the deuterium unloading sample. Although th@mgboundaries, which can be referred as
evidence for hydrogen embrittlement, are cleargnsier certain samples, (e.g. in Figs. 9 and
11), the correlation between the patterns andethmpérature and voltage behaviors cannot be
established. Thus, the induction mechanism foctmplicated temperature behavior has still
not been understood.
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Fig. 9 Temperature and applied voltage vs. timatHerPd—Ni—Zr sample (left) and
SEM image of the Zr membrane of the Pd—Ni—Zr sar{niat).
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Fig. 10 Temperature and applied voltage vs. timeHe Pd—Ni—Zr sample (left) and
SEM image of the Zr membrane of the Pd—Ni—Zr sar(niat).

‘ —Temperature[°C] Voltage[mV] ‘
|
0 2 4 6

Time[hour]

"
<
Voltage[mV]

1 100

1 50

Dotastars

0

20

Um

A

A\ J

Fig.11 Temperature and applied voltage vs. timgHerPd—Ni—Zr sample (left) and SEM
image of the Zr membrane of the Pd—Ni—Zr samptgh()i
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Fig. 12 Temperature and applied voltage vs. timehfe Pd—Ni—Zr sample (left) and SEM
image of the Zr membrane of the Pd—Ni—Zr samptgh{ji
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Fig. 13 SEM image of the Zr membrane of the Pd—Nsa&nple
(Deuterium unloading sample)

Pd—Ni—Zr with a fine structure interface sample

For Pd—Ni—Zr with a fine structure interface, wesetved a short-period fluctuation in
temperature, as shown in Fig. 14. This behavior alaserved in 6 out of 11 runs. In this
phenomenon, we did not observe a significant vianain the pressure inside the chamber
during the continuous temperature fluctuation. &intemperature behavior was observed for
the Pd—Ni sample with a fine-structured interfa2g [This phenomenon is considered to
induce deuterium diffusion, similar to that shownFig. 8. As this temperature behavior was
observed frequently in the sample with a fine s$trecbetween Pd and Ni, such an interface
structure may promote deuterium diffusion in thgioa.
Moreover, a temperature increase with the incredseltage was observed in 2 out of 11
runs. Typical behavior is shown in Fig. 15. Thisepbmenon indicates that deuterium
diffusion from Pd to Zr occurs, and deuterium wasatbed intermittently as shown in Fig. 5.
In addition, no specific temperature behavior wéseoved in 3 out of 11 runs. This
phenomenon indicates continuous deuterium desorfrioon the Pd side.
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We classified the temperature behaviors into thpe#erns: Pattern | = no specific
temperature variation, Pattern Il = short-periagttfiation in temperature, and Pattern Il =
temperature increase with voltage increase. Talsdleo8vs the number of runs classified into
each pattern for the sample we have tested thus&tern | behavior was observed most
frequently for the Pd—Ni, Pd-Ag, and Pd-Ti samplag, never for Pd-Zr. Although this
pattern itself can be explained reasonably welvili-known processes, it is not clear why it
was not observed for Pd—Zr. Pattern Il was obsefueguently in the sample with a fine
structure between Pd and Ni. Pattern Il was olexkifivequently in samples combining Pd
and Zr, and was not observed in samples using eeaduoic absorbers (Ni, Ag).

Table 3 The number of runs classified into eackepat

Samplt Pc—Ni Pc-Ag Pc-Ti Pc-Zr Pc—Ni-Zr
Patteri i ii iii iv \ vi vii viii ix X
I 18 11 11 5 11 7 0 0 2 3
Il 0 6 0 1 2 2 2 2 0 6
11 0 0 0 0 4 0 11 8 16 2
4. Summary

We performed deuterium desorption experiments usialji-layered Pd—Zr and Pd—Ni—Zr
complex samples and investigated the thermal behavithe deuterium diffusion process.
We also studied multi-layered complex samples vatline-structured interface. For the
Pd—Zr and Pd-Ni-Zr samples, we frequently obseraettmperature increase with the
increase of the voltage, which was not observeds@onples using endothermic absorber
membranes, such as Ni or Ag. Thus, the combinaifdAd and Zr may promote deuterium
diffusion from Pd to Zr and the deuterium may bagiged in Zr and desorbed. Furthermore,
for the Pd-Ni—-Zr sample with a fine-structured ifdee, we observed a short-period
temperature fluctuation. A similar temperature wtrawas observed for the Pd—Ni sample
with a fine-structured interface. Thus, a fine stuwe between the Pd and Ni may promote
deuterium diffusion between them.
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Abstract  Anomalous heat effect by interaction of hydrogeotdpe gas and nanoparticles supported by
zirconia, PdNiy/ZrO, (“PNZ6” and “PNZ6r”) and PdNIZrO, (“PNZ7k”), has been examined. Excess power of
3 ~ 24 W from PNZ6 at elevated temperature of 20806 °C continued for several weeks. The PNZ6 and
PNz6r samples with Pd/Ni=1/10 generated much higxeess power than PNZ7k with Pd/Ni=1/7. The Pd/Ni
ratio is one of the key factors to increase theesgpower. The maximum phase-averaged sorptionyengig
exceeded 270 keV/D, and the integrated excesserefgeached 1 keV/RHi. It is impossible to attribute the
excess energy to any chemical reaction; it is possilue to some unidentified radiation-free nucig@cess.

Index Terms — Zirconia supported nanoparticles,RdZrO,, hydrogen isotope gas, absorption and desorption,

excess power, sorption energy of 270 keV/D.

l. INTRODUCTION

There have been increasing interests in experintéritgdrogen-gas charged nickel-based
nano-composite samples for excess power generatveing to higher availability of nickel
than palladium. A NCulMn alloy thin wire, for example, has been examiegtensively by
Celani et alltl. In addition, a number of entrepreneurs are pisiig their own “products” of
nano-fabricated samples on web sites with undiediodetails, and therefore with little
scientific corroboratiorf9: 2 ~ 3 Among them, replication experiments of the Ragge
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reactors have been performed by several reseafthérsvhich seemingly appears to show
unignorable reproducibility of the Rossi method wéwer, little is known about the accuracy
of the calorimetry and the mechanism of the claimweomalously large energy production.

On the basis of the 8 year-long (2008-2015) serietudy on anomalous heat effects by
interaction of metal nanoparticles and D(H)-gaseurttle collaboration of Technova Inc. and
Kobe University, a collaborative research projeas tbegun aiming at a new &fee,
distributed energy sourd®. This new project on MHE (Metal-Hydrogen Energygsistarted
on October 2015 under the collaboration of six dapa organizations, one of which the
individual author of the present paper belongsTioe results of the early-stage research
program were reported in P0International Conference on Condensed Matter Nucle
Science (ICCF20¥ 19 17" Meeting of Japan CF-research Society (JCE%732 and 12
International Workshop on Anomalies in Hydrogen dea Metald'® 141

In the present work, we report results of obseovatf anomalous heat effect (AHE) by
interaction of hydrogen isotope gas and zirconigpsuted Pd-Ni nanocomposite samples
done as the collaborative work using the experialeappparatus installed at Kobe University
[15-18] The system has a reaction chamber containingahwle with a capacity of 500 cc,
and an oil-flow-calorimetry system capable of warkiat elevated temperatures up to 3G0
with use of a liquid hydrocarbon coolant, Barretthet00. The samples tested so far as the
collaborative work include zirconia-supported Pdhanoparticles (“PNZ”"), wherg is 7 or
10. In the present paper, heat-generation chaistaterof PNZ samples with differemn,
under rather constant pressure condition after Bfb$prption (or during effectively net
desorption) process are discussed.

Il. EXPERIMENTAL PROCEDURE AND SAMPLES

The PNZ samples, PNZ6 and PNZ7k, were preparetidynelt-spinning method similar
to that used in ref. [19]. The alloy-compounds al.d2dNio.306Zr0.65s were prepared by
arc-melting of the component metal blocks. Theyallowere melted again by RF heating, and
rapidly solidified with a melt-spinning machinentwake ribbon-like thin sheets of amorphous
Pdbh.oadNio.306Zr0.6s compounds. The thin sheets were calcined in artamperature of 451
for 60 hours, during which the preferential forratiof ZrQ: supporter zone with isolated
distribution of nano-structure zones of PdNiexpected. They were then pounded in a mortar
to make the sample particles with diameter of sauertens ofum.

The specifications of the samples are tabulate@lainle 1. Those of the PNZ6r sample,
which is the reused PNZ6 after re-oxidation (reciceted PNZ6), are also shown in the
figure for comparison. Atomic ratio of Pd/Ni was7 for PNZ7k as for other PNZ samples
tested so fal® > 1718 while that for PNZ6 (and therefore for PNZ6r) vamsen to be 1/10
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to see the effect of the Pd/Ni ratio variation ba &xcess heat magnitude. The oxygen content
was evaluated from the weight difference before aiter the calcination/re-calcination. The
ZrO filler powder is of 1-mm diameter zirconia pargéisl About 95% of 500 cc volume of
the reaction chamber was filled with the zirconikeif, and only about 5% was occupied by
the mixed PNZ test sample for AHE measurement.

Table 1. Atomic composition of PNZ6, PNZ6r and PKZample

Molar ratio ZrO; filler
Sample Mass (9) Ni Pd Zr ®) mass (¢
PNZ6 124.2 | 0.318| 0.032 0.6500.240 1377
calcined at 450C for 60h 10:1
PNz6r | 1319 |0.318] 0.033 0.650 1.03 1378
recalcined at 45 for 60H 10:1
PNZ7k | 99.8 0.306] 0.044 0.6500.274 1531
calcined at 450C for 60h 7:1

ICP-AES and XRD analyses for some other PNZ sampidZ3, PNZ3r and PNZ4, other
than those used in the present work were donessaNiMotor Co. Ltd., Kyushu Univ., and
Nagoya Univ. independently. Many interesting feasuincluding crystalline phases of NiZr
ZrO, etc. have been revealed, which will be publisineépendently elsewhere.

STEM/EDS analyses for PNZ3, PNZ3r and PNZ4 sampl$/Ni = 1/7 for these
samples) done at Kobe Univ. showed interestingufeat of nano-structure of the PNZ
samples: (1) Most Pd and Ni atoms occupy the sasiign. (2) After absorption runs, NiZr
decreased, and ZsGncreased. (3) After re-calcination, the appareajority became Zro+
NiO + PO 18],

For the present samples, PNZ6, PNZ6r and PNZ7kthereiERD, ICP-AES nor
STEM/EDS were performed. However, there is no nedscassume characteristics different
from PNZ3, PNZ3r and PNZ4 samples for formatiomanfo-structure.
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Fig. 1. Schematic of (IMHE-experimental system equipped with
oil-flow-calorimetry system with flow-rate-monitoesd dual heaters mounted
on the reaction chamber (RC).

A schematic of the D(H)-gas-charging-calorimetrgteyn G is shown in Fig. 1. Refer to
the reference®' ' for detailed description of the system. Calibratad the flow calorimetry
with a flow rate of 20 cc/min was performed usimg t1500-g pure Zrofiller. The heat
conversion coefficient from the power to the oiHetitemperatur@c2 at TC2, dc/dW =
1.57°C/W or 1.0°C/W, was obtained at room temperature (RT) or & %) respectively.
The heat recovery rate, 0.88 — 0.83 in the temperatange from RT to 300C, was
calculated by

Rn = F 9B [T co-Tee) (Wi+W2), ()

where F, p and C are the flow rate, the mass density and the Spehdat capacity,
respectively, of the coolant BarrelTherm-400 (BTg@@atsumura Oil Co. Ltd., andi and
W- the power of the outer sheath heater (#1) andhtier cartridge heater (#2), respectively.
The parameten is determined empirically as follows. A correctitactor for the flow rate
fluctuationAF (= F —Fo) to be subtracted froifcz is derived from eq. (1);

ATcz = (dTcd/dF)AF = (-AF/F) Wi+ Wa) [ Teo/ dW) @, )
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The correction is applied tbc2 for some samples or gas species to determjrso that the
corrected temperature is not unreasonable, nohginegative excess temperature, or giving
null excess for the Ar filling run, in the flow mtange of 0.825 F/Fo < 1 for Fo = 20

cc/min;
a = 1.9%x10?@exp[4.Q(F/Fo)]. 3)

The calibration run serves also as a control ruvingi reference values of the
temperatures, the flow rate of BT400 and the heptsver for foreground runs using the
zirconia-supported samples with the pure Zfller. Comparing the temperatures in the
foreground and background runs, the excess powér bei calculated using the heat
conversion coefficient mentioned above.

1. RESULTS AND DISCUSSION

(3-1) D(H)-Absorption

Deuterium (D) absorption runs, PNZ6#1, #2, #3 aAdwere performed after vacuum
baking (#0) for more than 30 hours at RTD and T&@®deratures of 200 - 30C with the
heater power offa1+We) = (69+20) ~ (124+30) W and with the BT400 flovwer®f 20 cc/min.
The temperature history in the D-PNZ6#0 throughst#hown in Fig. 2. Each time the heater
power was varied, the phase number is advanced; f#61-D. introduction with the heater
power of (0+0) W, #1-2 for (20+10) W, #1-3 for (3 W, and so on. At the end of each
run, the heated sample was outgassed (“OG” phgseydruating the reaction chamber (RC),
and the run number is advanced for the succeedmgtarted with filling of the freshdyas.
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Fig. 2. Evolution of temperature and oil flow r&en PNZ6#0 through #4 runs.
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In the figure also shown is the variation of thewflrateR: of BT400. AlthoughRr has
rather large fluctuation of ~10%, the temperatuagiation due to the fluctuation &% is
properly corrected for by eq. (2). In the #1 rurere was a trip of the flow-rate-meter (FRM).
Then it was replaced with new one. Another trouble encountered twice was the
loss-of-coolant accident (LOCA) at #2-2’ and #2giases. In spite of these troubles, we
observed rather stable temperature evolution gildrge excess power.

In fig. 3 are shown the pressures at the RC antheatstorage tube (STRr and Ps,
respectively, and the apparent loading rdto = (D/M) or (H/M), i.e, the number of
hydrogen isotope atoms lost from the gas phaseuwel® the number of metal atoms (Pd and
Ni in PNZ runs). The loading ratio is calculatedrfr the values doPr andPs, and volumes of
the RC and the ST with a correction for the temjpeeabased on the Boyle-Charles’ law
using the averaged temperature of four RTD’s.

It should be noted that the apparent loading fatiseaching 3.5 was exceptionally large
in the #1-1 RT phase. It decreased to below 3.0 alitvating the temperature in #1-2 due to
desorption. Then it increased gradually due to peeted leakage of Dgas from the RT
flanges. The large leakage continued until it wagly fixed at the end of the #2-3' phase,
after which the leakage became much smaller. Hokyéve leakage has little influence bia
in the RT phasesy#l (n=1 ~ 4).
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Fig. 3. Evolution of hydrogen loading ratlos (=D/M) and D(H)-gas pressure in
PNZ6#1~#4 runs.

The variation ofLm with the leakage component subtracted is briefbcussed below.
The sample after #0 baking is assumed to be cordpafsérC;, NiZrz, NiO and PdO based
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on the XRD measurements. The possible sourcesadndumption are reduction of oxides,
(4) and (5) below, absorption by Pd and Ni, (6) éf)gand absorption by NiZr(8);

PdO + D — Pd + DO + 1.77 eV/Pd, @)
NiO + Dz — Ni + D20 + 0.177 eV/Ni, = 2.0) (5)
Pd + @2)D2 —» PdDx+ 0.2 eV/Pd, v =a) (6)
Ni + (b/2)D2 — NiDp + (0.1 ~ 0.2) eV/Ni, Lw =Db) (7)
NiZr2 + (c¢/2)D2 - NiZr2Dec. + Enizr2 €V/Ni. Lm=c0) (8)

In elevated temperature phasesr#h+=> 2), desorption of D (reversed (6), (7) and (8)uldo
proceed, which makdss decrease.

At the end of the #1 run the sample was degassedvhguating the RC at elevated
temperature. By this procedure the gases produgéebreactions, £D ((4), (5)) and R ((6),
(7), (8)) are removed from the system. Then thepd@momposition after the #1 baking is
thought to be Zr@ NiZr2, NiZr.Dc and reduced metals (Ni + Pd). Here it is assurhat t
NiZr2Dc and PdRMNIDy lose D partially during desorption under elevaiperatures; only
a part of NiZpDc turning back to NiZrand/or NiZeD¢ (¢’ < c), and similarly for PABINiDb.
This together with the absence of the oxides walebne of the possible reasons why the D
consumption in the #2-1 phase drastically decreasetpared with that in the #1-1.

(3-2) Heat evolution at RT

The initial bursts of heat are observed on the RO TC traces at the beginning of the
#1-1 phase at RT. Figure 4 shows the thermal pavedculated from the temperature
evolution in the #1-1 phase with the conversionndamentioned above. The heat evolution
has two peaks, simply because thegBs was resupplied to the storage tube at 3.€ehthke
initial introduction of @ gas. By the resupply the pressure efibthe ST and therefore the
flow rate of @ was increased to enhance the rate of heat evolatisociated with absorption
of Da.
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Fig. 4. Thermal power and deuterium loading ratithe RT phase of the
virgin sample run, D-PNZ6#1-1.

The hump at TC2 is time-integrated to calculateearerging energy per an absorbent
atom,

_ t
E,=[ W,dt, 9)

whereWa is the power per an adsorbent atom, Pd and Niamptesent case. The eneEgyis
calculated to be 1.8 0.1 eV/atom-Pd. This is rather large in view af tiydrogen absorption
energy of about 0.2 eV/atom-Pd for bulk crystallip@. The energ¥a is divided byLwm to
obtain the specific energy per D atom adsorbedfabsoor lost from the gas phase=
EdLm = (5.8:0.3)x101 eV/M, averaged over the #1-1 phase. Similay, and ; are
calculated for #1, wheren is the integer representing the run number. Thogether with
Lm are summarized in Fig. 5, and compared with thasBNZ6r and PNZ7k samples.
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Fig. 5. Comparison of loading ratio and specifis@iption energies in
room temperature phases of PNZ6#1-1 through PNZZk#hs.

Some conclusions are deduced from the figure. Birsil, PNZ7k is similar to PNZ6 in
regard to these quantities. The reproducibilitsather good.

Secondly, we notice the exceptionally large valtiéw at #1-1, and gradual decrease of
Lm in the following phases. The difference betwéenin #1-1 and that in #2-1 is almost 2.
As has been partly discussed in the preceding stibse possible reasons for this large
difference are the following. (1) In the elevatednperature phases only a part of NiXy
liberate D turning back to NiZr or NiZr.De (¢’ < c). The liberated B gas is removed by
evacuation at the end of the #1 run. (2) Similaoiyly a part of PdBNiDy could liberate R
turning back to PdRNIDy. (3) The oxides Pd®™iO to be deduced to metallic Bd by
consuming Ris absent or very few in the #2 run.

Third, the specific absorption energies per D atgnhave essentially the same value (0.3
~ 0.4 eV/D) in PNZ6#-1, wheren = 2. This infers that the underlying physics is saene in
the PNZ6#-1 phases. In other words, this means that thectestuof PAONIO, if any, was
almost completed in #1-1, and that the valueg of #n-1 (n = 2) are the intrinsic ones for the
sample. Possible processes responsible to thihameuterium absorption by Bl egs. (6)
and (7), and by NiZr eq. (8). Gradual decreaselaf andEa suggests that decomposition of
NiZr2 and/or some structural degradation of théMPchanostructure are proceeding. The
intrinsic 77 ~ 0.8 is much larger than that for the bulk Pd(2 eV/a-D). Possible reasons for
this are the following; (1) The absorption eneHyyzr2 in eq. (8) is rather large. (2) It might
be possible that the absorption energies({b)become larger when Pd and Ni form
nanocomposites. (3) It might also be possible $@he unknown reactions other than
absorption occur in the Hi nanocomposites. In #1-3 with the filling gas lds, 77 is
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decreased by about 25% possibly due to the isafipet. Anyway, it is difficult to discuss
further these points before knowing the compositoantitatively.

Fourth, The PNZ6r runs have similar variatiorLafandEa but with smaller amplitude. It
appears that the numbers of the absorbers2Mizat NiO, are reduced in comparison with the
PNZ6. It seems that, by re-calcination, some foactf NiZr: are likely to be decomposed to
ZiO2 and Ni/NiO, and some fraction of Bt nanostructure might be changed to different one
relatively inactive in regard to absorption.

(3-3) Heat evolution at ET

Next, we discuss the oil-outlet temperattite in the elevated temperature phases in the
PNZ6 runs, Tc2(PNZ6) (the red line in Fig. 6), in comparison willt2(ZrO2) in the
calibration/control run using the zirconia powdéne( black line in Fig. 6). As is shown,
Tc2a(PNZ6) is higher thaca(ZrOz) in most elevated temperature phases. When weiréke
account the fluctuation of the heater power andfthe rate as seen in Fig. 2, and apply the
correction according to eq. (2), we obtain the ewskiown as the green line in Fig.6.
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Fig. 6. Difference of TC2 temperature between tredround (PNZ6) run
and the blank (zirconia) run.

The difference is converted to excess powés, by dividing it by d'c2/dw, and shown in
Fig. 7. The excess power of 10 ~ 24 W is rathegdaiWhen we take into account the
systematic error of2.3 W determined from fluctuations recorded in P8ifis [11], the
maximum excess power is more than one order of matmhigher than the error range. In
the PNZ6 sample powder some anomalous effect iscewito generate excess power in all
phases with the elevated temperature of 300 ~34&t RTD1 ~ RTDA4.
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Fig. 7. Excess powel\ey, integrated excess heat per metal atBm(keV/M), and
phase-averaged sorption energy per hydrogen isatiope absorbed/desorbed,
Navi (keV/D(H)), in RT and ET phases evaluated by T€@8gerature

The phase-averaged sorption energy (closed circles), and the integrated excess
energy per an adsorbent atdf,(integratedWex per adsorbent atom; closed squares), in the
elevated temperature phases are also plotted irY Figshould be noted thaty;j is defined as
Ea divided by the absolute value ALw, the increment of adsorbed/absorbed or desorbed
deuterium atoms in the relevant phase;

fmm 10
oL, [ (10)

,7avi =

The absolute value is taken to kegp; positive under desorption. This is because we
assume that the exothermic event could occur aleriy hydrogen isotope displacement
under both absorption and desorption. The maximalwevof/av; exceeds 10 keV/D, and the
integrated output enerdsa reaches 1 keV/Pi.

The definition of7avj is rather problematic, since the real number eftiiidrogen atoms
getting in and out of the surfaces of the nanoglediis not always represented Ai| in the
denominator of eq. (10). However, even if we divigddy the total amount of D absorbed in
each run,Lm, to evaluate the integrated output energy per aatdbn participating in the
absorption, the energy is still far beyond the ga&xplainable by any chemical reaction;
EdLm = 460 eV/D = 44 MJ/mol-D in the D-PNZ6#4 run. Tlege values of the excess
energy suggest the nuclear origin of the excesss hea
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It is important to note that the sudden increasé\ef in the #1-2 phase is really
spontaneous. Figure 8 shows the unexpected, udedeavolution of excess power in the
#1-2 phase having no correlation with fluctuatidrihee flow rate nor the input heater power.
Figure 9 shows the temperatures at other TCs arigsRiliring the same period of time. The
unexpected, unintended evolution of excess pow@eas to originate in the peripheral
region of RC. This is because the step-like in@sad temperature are observed with much
smaller amplitude in RTDs which are relatively inséive to the temperature at the
peripheral region. The excess power in the #1-Z@haaching 24 W is largest among all
sample runs tested so far.

D-PNZ6#1 ’;F’euac
30 ;_11 = 3Tt 10000 315450
[ W, byTC2 with correction for flow rate and heater power 3:(0,0)
! ; #
B i E 1:D2 il
r | I 1:D2 refill
i i L = 2:(140,90)
C | W‘A‘i i > 3:00)
20 e fr—rrmmcm—s AR i o= 1000 & #(14000)
. : : N = 487400
N i i : :': .. added
o £ S4":flow-R
; ’W‘W‘ = meter
b i : % replaced
i i i ° T =i 5:(124,30)
- - ! ] s W, dr -
B0 fFoo [ SN, T 00 T e
i i j l\f\[“;I Sw
i p" L | z 1:D2 fill
: M \ - = 1":leak chk
! P =17 dr =2:(140,90)
C : i E =] R 210ca
0 L J_‘J I S N TR T NN T T T 1 L el bk I R N T | 10 3(140'90)
527 528 5/29 5/30 5/31

Date (m/d)

Fig. 8. Unexpected, unintended evolution of exqesger with no correlation with the
flow rate.
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Fig. 9. Temperatures at TCs and RTDs, the loaditig Ly and flow rateR;, when
the large excess power emerged.

The PNZ6 sample was re-calcined after finishing RiNZ6#4 run. The sample is called
PNZ6r, and similar sequence of heater power agmitavas given to the PNZ6r sample. As
might be supposed froiov for RT phases shown in Fig. 5, deuterium absaonpsoweaker
than PNZ6Lwm in the ET phases, #1-2 through #1-5, is abouafidbsmaller than 0.3 in #2-2
~ 4 and #3-2 phases. Evolution of the excess powet,the integrated excess energy per
metal atomE,, and the phase-averaged sorption energy per D albsorbed/desorbegay;,
in the PNZ6r runs are shown in Fig. 10. We seeragdher large value &lex stably ranging
from 5 to 10 W. Very large values @kv; with the maximum value of 270 keV/D, and/or
even the conservatively defined integrated excessgy Es/Lm = 85 MJ/mol-D in the
PNZ6r#1 run, make it realistic to assume nuclegioof the excess heat.
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Fig. 10. Excess poweWex, and excess energi€s (keV/M) andavj (keV/D(H)), in
PNZ6r runs.

Figure 11 shows peculiar evolution of temperatubseoved in the PNZ6r#1-2 phase.
Relatively large humps are recorded in the RTD1 RiA@®2 traces. The figure also shows
desorption under elevated temperature in #1-2 airtol other samples, but with exceptionally
large time constant. The reason for these phenomera known.

However, it is very interesting to see that largsifive excess power evolution was generated
under the net desorption process as shown in Bigntl Fig. 11. This effect seems to infer
that nuclear-like reaction sites exist in the neaface of PdNinano-composites.
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Fig. 11. Peculiar evolution of temperature in th® BZ6r#1-2 phase.
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Finally, the excess power characteristics of PNZ&ple with the atomic ratio of Pd/Ni
= 1/7. As has been mentioned eatrlier, this sanmptee RT phases shows characteristics very
similar to those for the PNZ6 sample. The simiaidt also true folm in the ET phases but
without leakage. However, there is a large diffeeeim excess power and energies. These are
shown in Fig. 12. The excess powlx and accordingly the integrated excess ené&kggre
appreciably small compared with that for PNZ6 ardZBr. As for the phase-averaged
sorption energy/javi, the values are not very small, yet remarkablgdavalues are not
observed. From these facts we conclude that thmiat@tio of binary adsorbent metal in the
sample is one of the key factors to increase tleessxpower. The smaller the ratio of the
minority species to the majority, the larger thecess power. However, we know that
single-element nanoparticle sample never producessxheat in ET phaséd. We have to
look for the most suitable ratio.
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Fig. 12. Excess poweWex, and excess energi€s (keV/M) and7av; (keV/D(H)), in
PNZ7k runs.

(3-4) Radiations

Finally, radiation measurements are discussed.xamele of the result of measurements
of y-ray counting rate and neutron dose rate is showkig. 13. They-ray counting rate and
the neutron dose rate are steady with rather lngéuation, except for a period with high
neutron dose rate in middle July. However, the queragrees with the period when the
accelerator in the next room was operated in thiéroe emitting mode. We conclude that no
observable level of hard radiation accompaniestteess heat at least up to the power level
observed in the present work.
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V. SUMMARY AND CONCLUDING REMARKS

Hydrogen isotope absorption and heat evolution Hsmen examined for three kinds of
ZrOz-supported Pd@lli nanocomposites, PNzZ6, PNz6r, and PNZ7k. The ligsare
summarized as follows;

(1) Excess power of 3~24W at elevated temperature 6F~200C continued for several
weeks.

(2) PNzZ6 and PNz6r samples with Pd/Ni=1/10 generatedhmhigher excess power than
PNZ7k with Pd/Ni=1/7. The Pd/Ni ratio is one of tkeys to increase the excess power.

(3) The maximum phase-averaged sorption eneygy, exceeded 270 keV/D (26 GJ/mol-D),
and the integrated excess enelgy reached 1 keV/PHli (100 MJ/mol-M).

(4) It is impossible to attribute the excess energgrty chemical reaction; it is possibly due
to radiation-free nuclear process.

(5) The anomalous heat effect was observed with vegllsamount of D(H) transfer in both
direction of net absorption and net desorptiofis ttonceived that this might be a hint for
AHE generation sites and some nuclear mechanisthneirbinary nano-metal composite
samples.
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Abstract

Anomalous heat generation experiments using metabcomposites and hydrogen isotope gas
based on Kitamura and Takahashi's work have bedorped at Kobe and Tohoku Universities as a
collaborative work to confirm the existence of timalous heat effects. As a result, the amount of
anomalous heat generation per hydrogen or deutexioeeded 1MJ/mol-H or D at least. The released
energy is supposed to be very difficult to explayrknown chemical processes only.

In this paper, we discuss reproducibility on obgginexperimental results with PNZ
(Pch.0adNio.31Zr0.65) and CNZ (CuoadNio 3121065 Samples. Two independent excess heat experiments a
Kobe and Tohoku Universities using PNZ7k and PNZ&sewconducted, respectively. Qualitative
reproducibility between Kobe and Tohoku experimentss good. Generated excess energies for
PNZzZ7k and PNZ7s were 3.4MJ/mol-D and 3.0MJ/mol-Bpestively.

As to CNZ samples, we performed two experimentsgu§iNZ5s and CNZ6s with the same
composition at Tohoku University. Anomalous excesatlgyenerations were observed for the samples
at elevated temperature (f66300C). Generated excess energies per absorbed H fols€NAd
CNZz6s were 6.5MJ/mol-H and 5.3MJ/mol-H, respectivélgincident burst-like increase events of the
pressure of reaction chamber and gas temperatuniehvsuggested sudden energy releases in the
reaction chamber, were observed for both experisngsing CNZ5s and CNZ6s samples.

1. Introduction

Collaborative research between Technova Inc., Nisggator Co. Ltd., Kobe Univ.,
Kyushu Univ., Nagoya Univ. and Tohoku Univ. wasfpaned from Oct. 2015 to Oct. 2017
based on Akira Kitamura and Akito Takahashi teamTle€hnova Inc. and Kobe [1]-[3].
Objective of the collaborative research is to fyathe existence of the anomalous heat
generation phenomena and contribute to the setugp méw national project by obtaining
guiding principles on how to control it. For therpase, anomalous heat experiments at Kobe
and Tohoku Universities and sample preparationsaadyses at Nissan, Kyushu, Nagoya
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and Kobe Universities have been performed. Repbcaéxperiments were performed at
Tohoku University using high quality heat measuretr&ystem similar to the apparatus at
Kobe University.

The Research Center for Electron Photon Sciend®lodku University and CLEAN
PLANET Inc. established collaborative research sion - Condensed Matter Nuclear
Reaction Division in 2015 [4] and research on arloosmheat generation started. Replication
efforts have been made on two types of experimanis first step at our division in Tohoku
University; one is the present collaborative wadtk[B], and the other is the experiment using
nano Pd/Ni fabricated by glow discharge withdas [5].

2. Experimental

Schematic of our experimental apparatus is showrgrl. It is basically based on
the paper [1] and improved in some points. Expeniaeset-up was already described in [6]
and [7]. The reaction chamber (RC) that containskélibased binary nanocomposites and
hydrogen isotope gas is shown in the center ofFigel. The RC is filled with and 1,300g
weight Zr& beads and Nickel-based nano-material shown ir2 Figeat generation from the
RC is estimated by the Mass-Flow-Calorimetry. Tiietioil temperature () is measured by
three independent thermocouples and the outleteaiberature (du) is also measured by
three thermocouples. A liquid hydrocarbon coolamhldes us to use the flow-calorimetry
method at elevated temperature. The coolant isedriwy a digital liquid tubing pump. A
sheath heater (W are spirally wound on the outer surface of the &@d a cartridge heater
(W2) is located at the central axis of the RC to hept the Nickel-based binary
nanocomposites sample. The power to the heatexdigrobm a finely regulated DC power
supply. The input electrical power for every heaigrcontinuously monitored by two
independent voltage and ampere meters to avoidikeiston the input power estimatiors H
or Dz gas is fed from a reservoir through a super nekaolle regulator to the sample in the
RC. Pressures in the RC and the reservoir are reamisly monitored. Temperature
distribution in the RC is measured by 4 RTDs (RasisThermal Detectors) and temperatures
along the oil coolant pipe and the stainless-gbg®# for gas introduction are monitored by
thermocouples. A lot of temperature measurememtpevould enable us to judge whether an
observed excess anomalous heat is real or noguglthheat recovery of this system rate
becomes low. All the apparatus is in a thermostettigmber controlled at Z3=0.1C to
avoid the influence by the outside temperaturetdlaion as shown un Fig.3.

Sample preparation and experimental procedures gieea in [6] and [7]. At first,
the RC was evacuated by a turbo molecular pumpthed heated up to 200-3QD to
remove HO or other impurity gas such as hydrocarbon gaserAhe baking, the RC is
cooled down to room temperature. About 1.0MPaoHD, gas were stored in the reservoir
chamber in advance, there ldr D2 gas was introduced into the RC by opening the rsupe
needle valve. A 1L reservoir chamber for ¢ths storage and a 2L chamber fardas were
used.

Even at room temperature; Br D2 gas absorption and heat generation was observed
in the case of using Pd in the nano-material. Aftext, we applied electric power to the
heaters located at inside and outer-surface oRtBdo increase sample temperature. Data of
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temperatures, pressures, voltages, currents alwvardtes was logged during experiments.

Based on the data, we estimated H or D absorpétsand excess heat generation from the
samples. Blank runs to obtain the heat recovery odtthe experimental apparatus were

performed using 1mm diameter and 1,300g weight:2réads in the RC before or/and after

foreground runs. Typical weight of PNZ and CNZ s&espvere 100g.
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Figure 1. Schematic of Experimental Set-up
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Figure 3. Photos of Experimental Set-up

35



3. Results and Discussion

3.1. Heat Analysis and its Error Estimation

Heat analysis of this system is based on the emuati

Q= Fa [A(Taue) [C(Tave) [(Tow = Tin) (1)

wheren is the heat recover rate, Q is the heat reledseFas oil flow rate,p(Tave) is the oil
density as a function of temperature, &dTis heat capacity, olt and T is the outlet and
inlet temperatures of the coolant oil, respectivéiysical data op(T) and C(T) of the
coolant oil are already known. As temperature ddpeoe ofp(T) and C(T) is linear, we can
postulate that deis equal to (JurtTin)/2.

Q is expressed as

Q=W +W, +Hg, (2)

where W, W2 and Hx are the input power of heater 1, the input powdneater 2 and the
excess heat power from the RC.

Based on these equationss determined as a function of (WW\2) by a blank run
because Q, & pP(Tave), C(Tave and (TourTin) are obtained by experimental dataexHs
calculated by a foreground run using the determimed
We simplify equations (1) and (2) for experimergabr estimation.

FolplC

Hey = AT -W;

AT =T, -T

in

W =W, +W,.

Considering that experimental variables ake/8 and W, we can assume that error
range of the calculated excess heat is the suniuctiuaitions of oil flow rate, temperature
difference and input electrical power.
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S(Hey) = |5(FR)|‘”C,7i " |c5(AT)|FR[,7—"”C +[BW) )

Actual experimental data shows that largest coultion to the error of Ek is of the
Fr term and W is most stable.

3.2. Summary of the Collaborative Research

Summary of the collaborative research is shownha Tablel and Fig.4. Excess
energy experiments were done using metal nanocatapegh H or D> gas. Experiments
using CNZ with H, PNZ with », CNS with H and PSn1(Pd/Sipwith D2were performed.
Anomalous excess heat generations were observed thie samples at elevated temperature
(150°C-350°C), except for the Pd nanoparticles embedded in pmwsas SiQ (PSnl and
PSfl). The amount of anomalous heat generatiomys#nogen atom ranged from 10eV/H or
D to 100eV/H or D, which could not be explainedany known chemical process as shown
in the Fig.3. No.15 and 16 experiments were peréafno demonstrate reproducibility of this
excess heat effect. Experiments in the yellow leresdescribed in this paper.

3.3. Comparison between Experimental Results at Tohakudssity and those at Kobe
University

As shown in Table 1, PNZ, CNZ and CNS metal nanquusite samples show
anomalous energy generations that cannot be erpldiy known chengal reactions. On tl
contrary, Pd nanparticles expressed as PSfl and PSnl did not shyparemalous phenome
These experimental results are supposed to indicatgh experimental reproducibilityzol
showing more confident reproducibility, we perfoumexperiments at Kobe and Tduwo
University using same PNZ (RB@44\io.31Zr0.6s) Samples with Bgas.

Figure 5shows the comparison of released heat between &uwih& ohoku at room temperatu
The released heat powers were calculated basdwalifterence between inlet and outlet
coolant temperatures same as the other experiraealsvated temperature. The heat powers
have two peaks, because freshgas was resupplied to the RC after the initiabgitson of Dy
gas. By the resupply the pressure efadd absorption rate of.Into the PNZ (Pd
0.040\li0.31Zr0.65) Sample increased and enhanced the rate of Heasesassociated with
absorption of B. Released excess enthalpies obtained at Kobe@makli Universities areery
close to each other as shown in Fig.5.
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Table 1. Summary of Collaborative Research

Methane Combustion
CH,+0,->C0,+H,0
Hydrogen Combustion®

H,+ % 0,H,0

I Chemical Reaction

# Place S;l;ln[;le Composition Gas Temp Pl\(;[‘ilr:r El?lftl;zi;;

1 Kobe PS3 Pd/sio, D 200-300°C ~0 ~0

2 Kobe PNZ3 PdNi-Zr,5-0, D 200-300°C 10W 7.7MI/mol-D
3 Kobe PNZ3r PNZ3- re oxidized H 200-300°C 8.0W 2.0MJ/mol-H
4 Kobe CNZ5 CuNi-Zr,5-0, H 200-300°C 35W 3.6MI/mol-H
5 Tohoku PNZ4s PdNi-Zr,5-0, D 160-300°C 33W L4MI/mol-D
6 Tohoku CNZ5s CuNi,Zr,5-0, H 160-250°C 5.0W 6.5MJ/mol-H
7 Kobe PSfl PA/Si05 oered D 200-300°C -0 -0

8 Tohoku PSnl Pd/meso-Si0, D 200-300°C -0 -0

9 Kobe CNS3 CuNi,(/S10, H 200-400°C 14W 67 MI/mol-H
10 Tohoku CNS3s CuNi, ,/Si0, H 150-300°C 4.2W 11MJ/mol-H
11 Kobe PNZ5 PdN;;Zr5-0, D 250-350°C 12W 7.6MI/mol-D
12 Tohoku CNZ6s CuNi,Zr,5-0, H 150-300°C 25W 5.3MJ/mol-H
13 Kyushu PNZ PdNi-Zr,5-0, H RT-450°C - -

14 | Kobe PNZ6 PdNi, 71240, D 250-350°C 25W 200MJ/mol-D
15 Kobe PNZ7k PdNi,Zr;5-0, D 250-350°C 5.0W 3.4MJ/mol-D
16 Tohoku PNZT7s PdNi,Zr;5-0, D 250-350°C 4.0W 3.0MJ/mol-D

Released Energy per Fuel (J/g)
10* 10° 10° 10 10* 10° 10% 10

Figure 4. Released Energy per Fuel for the Collabative Research
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Figure 5. Comparison of Excess Heat between Kobe @i ohoku at Room Temperature

Figure 6 shows the comparison of excess heat pbewsveen Kobe and Tohoku

Universities at elevated temperature. As the expesgr obtained by the present method has
certain correlation with temperature in the RC, emmpared excess heat at similar RC
temperatures. Same level excess powers were obstaweimilar RC temperature. These
experimental results demonstrate that the simgeellof excess power can be obtained if we
use same metal nanocomposites and similar expeahsai-ups.

3.4.

Tohoku Time(h)

350 400 450 500
g i | | |
——EXH@Kobe(W)
8 | Temp. at Kobe Temp. at Kobe i =~ i
260°C—300°C  290°C—325°C ESHg Tk W)
6 4
% ’ _
m
2 _
RC Temp at Tohoku : 250°C—300°C
0 il
-2 L " i i 1 M " i " 1 N s " 1
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Kobe Time (h)

Figure 6. Comparison of Excess Heat between Kobe @i ohoku at Elevated
Temperature

Coincident Increase Events of Chamber PressurafférlJpper Side Temperature
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During the collaborative work, we observed veryerasting coincident burst-like
increase events of the pressure of reaction chambergas temperature for CNZ5s and
CNzZ6s experiments in the Tablel, which suggesteltiesu energy releases in the reaction
chamber. These events were observed for the tweriexgnts.

Excess heat for CNZ5s calculated from the equat{@psand (2) is illustrated in
Fig.7. About 4-5W and 2-4W were released during 8and 134W heater power inputs,
respectively. These excess powers are significdatfyer than the estimated errors based on
the equation (3). Sudden increase of excess powand 240h seemed to be induced by the
increase of oil flow rate, but we have no exacti@xation for it at present.

No6 CNZ5S | - EX Heat I’O\\-'er(W)|

@ 134W Input Power
5

~ 4 r ' h
3 ! |
5 E '
= 3 r ¥ : \ ! |
/\o B
§ 2 1
=
P
oL
I Estimated Experimental Error
0 T -
_1 1 ! 1
150 200 250 300 350

Time(h)

Figure 7. Excess Heat Generation (CNZ5s)

Burst-like coincident increase events of the pressif RC(Pr) and the upper side
pipe temperature(E2) at random timing were obseraedshown in Fig.8. The pipe is
connected to a hydrogen gas reservoir through arsupedle flow regulator as shown in
Fig.1. A pressure gauge is equipped with the pypmeasure the pressure of RC (Pr) and the
surface temperature is monitored by thermocouple(H2e pressure increase was about 0.02
or 0.03 MPa and the temperature increase rangead If@ to 5°C. These were significant
values and not explained by an outer noise as tiimer etneasurement data were stable and
only Pr and E2 changed coincidently. The pipe teatpee(E2) is supposed to be correspond
to gas temperature in RC. We can assume that sueltkengy releases induced coincident
rising of gas temperature and pressure in RC.
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Figure 8. Burst-like Coincident Increase events o€hamber Pressure(Pr) and Upper
Side Temperature(E2): CNZ5s

The other experimental evidence that support tearaption of burst energy release
is shown in Fig.9. After CNZ5s experiment, metahm@omposite sample were sieved out to
separate from ZrObeads (1mmp). We found that some broken parts of Zd@eads were
mixed with the sample as shown in the right ph@: beads is very stiff material and
difficult to be broken; it is used for crush to mpti materials into a powder form. This
experimental fact suggests that very large locasst presumably due to heat burst, was
loaded on Zr@beads.

Broken ZrO2 Beads

1mm¢ Zirconia Beads;
~1.3kg

Nano Scale Sample;
~100g: PNZ, CNZ, etc...

1k

Figure 9. Broken ZrO2 beads after excess heat relsa
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Figure 10 shows reproduced burst-like coinciderdraase events of chamber
pressure(Pr) and upper side temperature(E2) for@SNimilar phenomena was reproduced
by similar experimental conditions.

o

CNZ6s
0.55 — . . ; 75 E2(pipe)
Pr: Pressure of E2: Pipe *l |
05| the Reaction Temperature 17 Oil
Chamber corresponding B s E1(FL
045 [ to Gas 73 ) u (Flange)
Temperature
F 04 2 5
2 = 0 E RTD4
=035 71 p
= g RTD3
0.3 70 RTD2
RTD1
025 [ 69 gm 01
(W1,w2) = (80,0) g “”“ E
02 I 1 1 1 1 68 R
20 30 40 50 60 oil

Time(h)

Figure 10. Burst-like Coincident Increase events aChamber Pressure(Pr) and Upper
Side Temperature(E2): CNZ6s

Pr(MPa)
‘I | I E2 (pipe)
Oi‘ i
[ _-_ C
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Figure 11. Photo of Upper Flange after CNZ6s expeament; Adhered Nano metal
Particles?
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In this experiment, an evidence that would supguetassumption of burst energy
release was obtained as shown in Fig.11. Thiseigptiotograph of the lower side surface of
the upper flange after the CNZ6s experiment. Somgthdhered to the surface around the
pipe of the upper flange. It would be possible aasider that CNZ6s nano-particles spouted
out to the flange. This white substance was adhinedl, we solved it by HN@. ICP-MS
analysis will be applied to the solution. Anywat,can be assumed that sudden energy
releases induced coincident rising of gas tempexand pressure in RC.

4. Concluding Remarks

We discuss reproducibility on the anomalous exdesst phenomena with PNZ
(Pb.oadNio.31Zroes) and CNZ (CuoadNiosiZross) samples. Two independent excess heat
experiments at Kobe and Tohoku Universities usiNg A& and PNZ7s were conducted,
respectively. Qualitative reproducibility betweenli€ and Tohoku experiments was good.

As to CNZ samples, we performed two experimentagu§iNZ5s and CNZ6s with
the same composition at Tohoku University. Coinctdburst-like increase events of the
pressure of reaction chamber and gas temperathieh wuggested sudden energy releases in
the reaction chamber, were observed for both exyris using CNZ5s and CNZ6s samples.
Furthermorethe other experimental evidences that support siseiraption of burst energy
release were obtained.
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Abstract  Synchrotron Radiation XRD and XAFS analyses werdopmed for PNZ6 sample in which
anomalous heat effect (AHE) was observed remarkably series of collaborative studies performed by 6
parties to which present authors belong. Structcinahges of PNZ6 with increasing temperature upO@GC
under hydrogen atmosphere were revealed. In tlsyrakesized state, dominant crystalline phases W&te
and ZrQ. Nano-scale Ni-Pd alloy particles were inferreceiist in the mixed matrix of NiZrand ZrQ. With
increasing temperature under hydrogen atmosphgteide formation of NiZs proceeded and Nigf-s was
stable up to near 480. With further increase of temperature, a formatdZrH,and ZrNijHs accompanied
by a decomposition of NiZH-swas observed. AHE may be enhanced by the mixedxnadthigh hydrogen
absorptive NiZf and hydrogen inactive Zgn which nano-scale bimetallic Ni-Pd alloy partiglare dispersed.

Index Terms — NiZr,, ZrO,, Ni-Pd alloy, Nano particles, Hydrogen, Anomaltesit effect, XRD, XAFS

. INTRODUCTION

Anomalous heat effect (AHE) has recently been reploto be well reproducible in a
series of collaborative experiments performed avaked temperatures 200 ~ 360using
metal nanocomposites and hydrogen isotope gas4]1Using an active material PNZ6 of
1249, a generation of excess heat exceeding 10Wishgaternal heater power of 90~160W
was observed for more than 40days [5]. The accusuilamount of excess heat exceeded
45MJ, which could not be explained by any knownnaizal reactions [5].

In this paper, structural changes of PNZ6 with éasing temperature under hydrogen
atmosphere were studied by in-situ XRD (X-ray diftion) and XAFS (X ray absorption fine
structure) analyses using facilities of Aichi Syratron Radiation Center. The analysed
sample was a part of the material that was usedhtheat evolution experiments at Kobe
University [5]. The in-situ XRD analyses were permi@d at 15keV under hydrogen
atmosphere of 0.4MPa, while raising temperaturenfroom temperature (RT) to 60
XAFS profiles for K-edge Ni and K-edge Pd wereetalunder flowing hydrogen at 100
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cc/min, while raising temperature from RT to 6@ The obtained results were discussed in
relation to AHE.

Il. EXPERIMENTAL

[I-1. Sample preparation

The PNZ6 sample was the one that was used in titeelelution experiments performed
at Kobe University. For the present study, a pathe sample before use was supplied by A.
Kitamura. The detail of the preparation of PNZ@lescribed elsewhere in this proceeding
[5]. Briefly, PNZ6 was prepared by heat treatingasnorphous alloy with a composition of
Pdb.o3dNio.31Zro.65 at 450°C for 60 h in air. With the partial-oxidation treant, an increase
in weight was observed and the composition wasrohited to be PgbadNio.3182r0.6500.24,
assuming the increase in weight was totally dusxtdation of the sample.

[I-2. XRD and XAFS measurements

The in-situ X-ray diffraction (XRD) experiments veeperformed using beam line BL5S2
of Aichi Synchrotron Radiation Center. A glass dlapy tube of 0.3 mm in diameter and
about 40 mm long was filled with a powder samplepaftially-oxidized PNZ6 which was
mixed with a small amount of BN powder. The inotusiof BN powder was to avoid
breakage of the glass capillary tube owing to va@uexpansion of PNZ6 due to hydrogen
absorption when the sample was exposed to hydragenincident X-ray energy was 15 keV.
The diffracted X-ray was detected with four flat @Btectors (Dectris, PILATUS-100K). The
data acquisition time was 10 ~ 20 min. The tempeeadf the sample was varied from room
temperature to 600 by blowing hot N gas against the capillary. The capillary tube was
evacuated with a turbo molecular pump through mlsts pipe of 3/8 inch in diameter and
about 5 m long. The attained vacuum at the sanggélary tube was probably in the order of
10 Pa. The capillary tube was pressurized up todHa with a compact klcylinder.

Incident X-ray
Capillary tube

IZD Vacuum

ﬁ J\ Powder sample

\

Hot gas 20
v

Detector

Fig.1 Configuration of in-situ XRD measurements.
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In-situ XAFS measurements were performed foamdl Pd K-edges using beamlines
BL5S1 (Ni K-edge) and BL11S2 (Pd K-edge). All thABKS measurements were conducted
in a transmission mode, where three gas-filledzaton chambers were used in series to
measure the absorption intensities of the sammleN&or Pd foil as a reference standard.
Pellet samples 0.5 mm thick, 7mm in diameter unifgrmixed with BN powder were set in
a glass holder and put in a furnace capable ofifigwydrogen at 100 CC/min. The
temperature of the furnace was able to be raised wp0CC.

Ill. RESULTS AND DISCUSSION

[1I-1. In-situ XRD analysis

Figure 2 shows schematically the experimentatgdure of in-situ XRD measurements.
The sample in the capillary tube was first evaaliateroom temperature (RT, 25 for about
1h followed by vacuum baking at 12Q for 2h. Then, the temperature of the sample was
lowered to RT. XRD profilesD and @ were taken in vacuum, at 120 during the

baking process and at RT after the baking progespgectively. Then, the capillary tube was
pressurized with hydrogen up to 4 atmathd the pressure was kept at RT for about 0.51h an

then the XRD profile@ was taken. XRD profilesD and @ were completely overlapped.
In Fig. 3, profile @ is shown.

| =
"y 2
5
5
A
e
ar o
> T &)
E 1
2§ xo @@ @
'E, § Data (T) |
8 120°C : 200°C
u h 1 +_£20°C
Vosie /LY De7h
Vacuum 1 4 atmH, R
= Cal I‘
Time °

Fig.2 Procedure of in-situ XRD measurements. Edclumber show
the condition under which XRD data was taken.
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Fig.3 XRD spectrum® for partially-oxidized PNZ6 taken in vacuum
at RT after vacuum-baking at 120 for 1h.

It is seen that PNZ6 is dominantly composed of rmtgallic compound NiZr and
monoclinic ZrQ as its initial state or in the state just aftertiphoxidation treatment. If Zr
element is preferentially oxidized in the partigidation treatment, it is assumed that

Pcb.03Nio.318Zr0.6800.24= 0.265(Nb.o1Pch.osZr2) + 0.12ZrQ + 0.085Np.0iPcb.os (1)

In Fig.3, the XRD intensity from NiZiis much larger than that from ZzOrherefore,

chemical equation (1) is assumed to be approximatdid. In Fig.3, however, no peaks from
the third component in eq. (1) are seen. The ttordponent is considered as nano-scale
Ni-Pd alloy particles dispersed in the mixed matrfiNio.olPh.osZr2and ZrQ. XRD peaks

from the nano-scale Ni-Pd alloy particles are eigutbard to detect because of the line
broadening for nano-scale particles. The line widtithe peaks from NiZrand ZrQ are

much larger than that from BN. The crystalline dines estimated to be 11 nm for NiZr

with NiZrz (211) and 16 nm for Zr&with ZrO2(111), respectively, using Scherrer’s equation,

| = 0.9\ Bcod) )

where, | is the grain siz@, the wave length of the incident X-ray, B the fuildth at half
maximum of the peak, artidhe center angle of the peak.
The grain sizes of the NiZand ZrQare significantly small and this fact may contriout
to enhance kinematics of hydrogen absorption asdrgéon of the nano-composite sample.
Figure 4 compares the XRD dafa~@ taken according to the procedure of Fig.2.
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Fig.4 Variation of XRD profiles for PNZ6 with égneasing temperature in 4 atra.H
The circled number is the same with that shownignZ; indicating the
procedure of taking the in-situ XRD data.

O ; NiZrz, < ; ZrOz2 (monoclinic), BN; Boron Nitride,©NiZr2H-s,
Y7 ; ZrH2, @ ; ZrO2 (tetragonal), ¥ ; Zr7NiioHs

As seen in Fig.4, the profile® and @ are almost the same, indicating that the sample
does not absorb hydrogen at room temperature.\ildsscontrary to the heat evolution
experiments performed at Kobe University, where Blddsorbed hydrogen at room
temperature. The difference is probably due taatttevation treatment for hydrogen
absorption. In the Kobe experiments, the samplefinstsheated up to 300 and evacuated
for about 30 h up to 1:810% Pa. On the contrary, in the present study, thepkam the
glass capillary was first heated to 120 and evacuated to ~10 Pa for ~2 h as an activation
treatment. The activation treatment in the presesitu XRD study was not enough for the
sample to absorb hydrogen at room temperature. kenweshen the temperature was raised
to 120C, the XRD peaks from NiZrsifted to lower angles indicating that the sample
absorbed hydrogen.

Figure 5 compares the XRD profil@) to @ in an enlarged scale. When the temperature
was increased from RT to 12Q under 4atm b the NiZer (211) peak at RT shifted to lower
angle and split into two peaks. Similar behavioaswseen for the peaks NiZt12, 220) and
NiZr2 (310, 202). The peak shifts to lower angle are tdugbsorption of hydrogen by NiZr
The splitting of the NiZr peaks indicates that there are two hydride phidg&gHx (X = Xow,
Xnigh ). Table 1 shows that the average lattice expassiith hydrogen absorption are 1.1
0.10 % and 6.1 0.2 % for NiZeHxiow and NiZeHxnighphases, respectively.
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Fig.5 Comparison of XRD profiles for PNZ6; blueRif under vacuum and red at 120
under 4 atm H Each NiZp peak at RT shifts to lower angles with a low- skidlue and a
high- shift value.

Table 1 XRD peak angles (2), lattice spacings (d) for NiZrat RT under vacuum and at
120C under 4atm b and lattice expansion for Nizxiow and NiZeHxnigh.

@RT-Vac 4120 “C-4atm Hy lattice

XRD peak o
20 (degree) | d(nm) 2 0 (degree) d (hm) |expansion (%)
. low 1845] 02581 1.00
Nizr, (211) 1864/ 02555 75 02107 T
low 2049 02326 122

i7r, (112 22 2. 22
NiZr, (112, 220) O I I Ty R Y VYY) 6.25
. low 2203 02081 113
Nizr, (310, 202) 2319 02058 2 802183 =07

As seen in Fig.4, when the temperature was raise2D0 °C, only the high hydride
phase NiZfHxnighwas observed. According to references [6, 7]nighXs likely to be about
5.0. From the value of XRD shift,i0% is probably about 1. NiZrH~seems to be a
hydride phase appearing only in the initial stagbyalride formation of NiZs. It was found
that the higher hydride phase NiBrs is stable between 200 and 380. At 400 °C, it
seems that Zrkband tetragonal Zrstarts to form, although the NigH-s phase is still the
major component. At 500 and 60QC, the NiZpH-s phase disappears and Zrldnd

Zr7Ni1oHs [8] are formed.
The temperature range, where AHE for PNZ6 is reatalygkobservable, has been reported

to be 200~35C [5]. It is noted in Fig.4 that in this temperatwange, NiZsH-s phase is
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stable. It is also noted that once the MiZg phase was decomposed to form Zrkhd
Zr7Ni1oHs , the NiZpH-s phase never recovered even when the temperatuselomeered
down to RT in H atmosphere. Therefore, it may be suggested th&tHio is observable if
the heat evolution experiments are done at tempesthigher than ~ 400C, where
NiZr2H-s is decomposed.

[1I-2. In-situ XAFS analysis

In Fig. 6, Ni-K edge XAFS spectra are shownPiNZ6. The data was first taken for
the sample at 26 in air. Then the sample was exposed to flowinddd about 30 min. The
data for this condition is shown in Fig.6 as PNA2 The spectra was same with the first
one, and was unchanged up to TO0n flowing Hz, as shown in Fig.6. Compared to the
reference spectra, PNZ6 is much closer to metaliiclt is therefore suggested that Ni in
PNZ6 is not oxidized by the partial oxidation treant. It is also noted in Fig.6 that PNZ6

has a marked pre-edge peak arising probably fransttucture of intermetallic compound
NiZro2.

/‘ NiO Ref
| v

/ \ PNZ6 25°C, 1000

/ fx_

‘\/"\—\-‘/ \}

normalized xp(E)

8320 8340 8360 8380 8400 8420

Energy (eV)

Fig. 6  Ni-K edge XAFS spectra for PNZ6 at@5and 100C in H2 flow.
(Reference spectra are shown for NiO and Ni in amttatmosphere)

Figure 7 shows the temperature variation of XAF&csa around the pre-edge region.
The marked pre-edge peak seen at temperatures tloared 00C was lowered remarkably in
the temperature region 200 ~ 300, probably corresponding to hydrogen uptake intriNi
around this temperature regioas shown in the above XRD analysis. As the temperatas
further increased, the spectra became closer tdahhli reference. These variations seem to
correspond to the decomposition of Nidrsand formation of NicZr7Hs and Zrh.

To know about the chemical state of Pd in PNZ6KRatige XAFS spectra were taken.
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Fig.7  Variation of Ni-K edge XANES spectra wignperature for PNZ6
under flowing:H

Figure 8 shows the spectra at@5in air compared to references of PdO and Pd.s Iti
evident that Pd is not oxidized in the as syntlegsgtate. Therefore, it is suggested that the
chemical state of Pd in as-synthesized PNZ6 Ni{fpd alloy particles dispersed in ZrO2, (ii)
inter metallic compound (NbiPdh.o9)Zr2 and/or both.

08

) |
= [
o /
8 // PdO reference
5 // Pd reference
S o4} i
/ PNZ6
24350 24400 24450 24500

Energy (eV)

Fig.8 Pd-K edge XAFS spectra for PNZ6 at25n air.

Figure 9 shows the variation of the XAFS spectrénwemperature under flowingzH
The spectra were not changed significantly up @G0As seen in Fig.8 and Fig.9, the
amplitude of EXAFS oscillation was very weak for-Redge in PNZ6, resulting in the little
variation of the spectra with increasing tempeaturder H flow. This is in contrast to the
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case of nano-sized-Pd/ZrGomposite [9], in which XAFS spectra of Pd K-edgeied
depending on atmospheric condition, i.e. undeoHunder vacuum. For PNZ6, Pd is alloyed
with Ni. It seems that nanoscale particles of MhrNi-Pd alloy hardly absorb hydrogen and
Pd K-edge XAFS spectra are expected insensitiwdoogen.

—— 25°C H,-flow

normalized xu(E)

——— 100°C H,-flow
— 200°C H,-flow

——— 300°C H,-flow

| | L | |
24300 24400 24500 24600 24700
Energy (eV)

Fig.9 Pd K-edge XAFS spectra for PNZ6 at différiemperatures in flowing H

IV. SUMMARY AND CONCLUDING REMARKS

XRD and XAFS analyses were carried outlier PNZ6 sample that exhibited most
remarkable AHE in a series of collaborative expents performed by the 6 parties. With the
XRD analyses, following results were obtained:bgfore hydrogen exposure, PNZ6
dominantly consisted of NiZand ZrQ, ii) after hydrogen exposure, at 120the peak
from NiZr2 was divided into two peaks, suggesting the foromf two hydride phases
NiZrz2H-1 and NiZeH-s, iii) at 200 ~ 300°C, PNZ6 dominantly consisted of NpEt-s
and ZrQ, iv) at 400C, the formation of Zrk started, v) at temperatures higher than°G00
ZrHz2andNiwoZr7zHs formed with a decomposition of NiZrThe XAFS data were qualitatively
consistent with the XRD results. From the Pd- amndkNedge XAFS data, it was suggested
that nano-scale metallic Pd-Ni alloy particles exismixed matrix of NiZs and ZrQ even
just after the partial oxidation treatment. It waerred that nano-scale Ni-Pd alloy particles
enhance kinematics of hydrogen absorption and g#sor of NiZr. which have high
hydrogen storage capacity. The remarkable AHE olesen PNZ6 may be correlated with
such complex structure of nanoscale Ni-Pd allostigdas dispersed in mixed matrix of
highly hydrogen absorptive NiZand hydrogen inactive ZgO
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Nuclear Fusion Mechanism in Metal Crystals
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Abstract

In this paper, the transmutation mechanism estun&tem past experimental results is
written.

The author selected "Transmutation Experimentadad by Deuterium Permeation” [1] by
Iwamura et al. as an experiment in which a nucheaction has definitely occurred and
believed this experiment and "Excessive Heat gd¢ioeraof the Pd cathode" by M.
Fleichmann and S. Ponds[2] had a common mechamsinstadied the fusion mechanism in
metal crystal. This is because it is difficult tonk that two different mechanisms unknown to
mankind exist in similar experiments.

In these experiments, Pd is divided into two pbadke o phase with low deuterium
concentration and the 'phase with high deuterium concentration. At figince it seems
static, but due to changes in concentration digion and temperature distribution phase
transformation occurs in crystal grain unit, inedrstress is generated. For this reason, edge
dislocation that always exist in the crystal movasnormal accumulation of D nuclei that
does not occur in the static state occurs, andfDsidn due to the tunnel effect occurs. When
the generated ion beam reachesdhphase, it is led to the D nucleus of the intaedtatom
by the channeling phenomenon, and it is made imtoabeam. The generated D ion beam is
guided to the nucleus of another interstitial atang a nuclear reaction occurs.

Furthermore, the author constructed “Binary nuclaoaslel” that realizes a nuclear reaction
that does not generate radiation with high penattgbower. The characteristics of nuclear
fusion by this model are in good agreement with tinelear fusion probability increase
phenomena in the metal whose reason was unknown.

With these synergies, the nuclear fusion is coetihfHe are generatefl.i are generated,
and anoa beams are generated by the r2action. These chain reactions generate excessive
heat.

After theoa beam and the nuclear that will undergo transntdtirm a binary star nucleus,
nuclear fusion is caused to generate transmutatiotei.

Index Terms--- Nuclear fusion, Reaction mechani€hain reaction, Crystal, Metal,
Channeling, Palladium, Deuterium, lon beam, Binawgleus, Crystal lattice, Triple nucleus
fusion, Excessive heat, Transmutatitn, 2a reaction
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1. Introduction: Jigsaw puzzle made by God

In recent years the price of fossil fuels has iaseel, global warming is also a problem, and
whether we humanity can use nuclear fusion energyob is the urgent task of all human
beings. We humanity have not been able to elucitdaetheory of the excessive heat
generation even though 29 years have passed sia@houncement of "the Excessive Heat
generation of the Pd cathode" by M. Fleichmann &ndPonds in 1989[2]. Therefore, the
existence of low temperature nuclear fusion itslflenied, securing budget etc. becomes
difficult, researchers are decreasing. Also, a® tpasses, wrong information gets mixed in,
make it more difficult to pursue the theory.

As a reason why, the theory was not elucidateaflmng time, the author considered that
excessive heat generation is thought to be exuldiyea single phenomenon. Excessive heat
generation is a complex mechanism, a sort of jigsarzle God has given to mankind. God
gave us the possibility, but he also set a timet imthe form of fading away from human
memory over time.

First, | had to decide the policy to solve thissagy puzzle. | decided to consider the
mechanism based on “Transmutation experiment byedem penetration into Pd multilayer
film[1]” by Iwamura et al. | thought this report extremely reliable because this report has a
lot of information volume, such as identificatiohamnversion elements and gamma ray peak
of 511.5keV reported, and reported by Toyota Cémessearch Institute's replacement test
report[3]. The sample in this experiment uses nayiérs of Pd and Ca, but the basic is a
combination of Pd bulk and deuterium as in the drpent of M. Fleichmann and S.
Ponds|[2]. So, | decided to think that common meidmas worked in these experiments.

Next, | had to grasp the whole image of the jiggazle. Since transmutations confirmed
by transmutation experiments have been confirmaddeease by an integer multiple of the
same amount of nucleon &dsle, it is natural to think thad nuclei fusion continuously.
However, energy of about 1MeV is necessary for atamcleus of atomic number 55 of Cs
to nuclear fusion witiHe. In addition, the reaction rate frdfiCs to!4'Pr is as high as 62%
on average at three points of 80°C around 200kRaought that it is necessary for active
reaction of nuclear fusion chain reaction to oaouthe neighborhood in order to react with
high probability like this. It is possible to explathe results of both experiments if it is
thought that a unique nuclear fusion mechanisnmt®x=isd chain reaction of nuclear fusion is
occurring in the metal. | imagined that a nucleasidn chain reaction occurred inside the
metal.

However, in order for chain reaction to take plates necessary that a starting nuclear
fusion reaction occurs. Since the distance betwleeiD-D nuclei in Pd does not approach the
D2 molecule in the gas phase in the static state tite theory that there is no possibility of a
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D-D fusion due to the tunnel effect. Also, the teat cross section is lacking by orders of
magnitude to cause fusion chain reaction. No matter much | thought, it seemed to me that
the pieces filling up the hole in this whole pigwrere missing.

However, | thought of other various mechanisms, Ibabuld not find a mechanism to
explain the two experiments. So, | decided to belidat there was a piece to fill the hole and
look for a missing piece. | thought that nucleasidn as a starting point would occur by
creating a dynamic state by the movement of dislocs in metal crystals. When | thought
about how to find the remaining piece, | noticeakt e humanity had a lot of knowledge as a
combination of only two elements of metal and ioeaim. Therefore, as a result of
investigating the phenomena related to metal amdbeam, | arrived at the channeling
phenomenon due to the crystal structure and thagshenon that nuclear fusion probability
increases within the metal. The latter phenomeritimmad my proposed binary nuclear
model.

| consider the mechanism of these phenomena anstrooted unique nuclear fusion
mechanism in metal crystals including binary nuchaadel. If this nuclear fusion mechanism
in metal crystals is correct, it should be ablexplain the excessive heat generation and the
results of transmutation experiments[1].

2. Ignition reaction
1) Excessive Accumulation of D nucleus by movemerddgfe dislocations

Fig.1 Pd crystal structure (fcc). Fig.2 Pd closest packing surfaces.

Metal Pd has the close-packed structure of fcee(taantered cubic lattice) drawn in Fig. 1,
and deuterium D indicated by black circle entestsite. Fig.2 shows the drawing from the
[11-1] direction of the green arrow in Fig.1 witetclose-packed planes overlapping. On the
close-packing surface, Pd atoms are aligned imayummb so as to be densest. The stippled
circles show the Pd atoms at the back of the Deuscin the center of fcc. This layer is the
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first layer and the Pd position of this layer is\White circles represent the Pd atoms of the
second layer on top of the first layer and arengldga honeycomb at the B position evenly on
top of the three Pd atoms of the first layer. Tieles drawn transparently by the dotted lines
represent the Pd atoms of the third layer furtteve the second layer and likewise aligned
in a honeycomb manner at the position of C evenlylwee of the Pd atoms of the second
layer. Since Pd atoms are again placed on thei@goof A on the third layer, a laminated
structure is repeated withA-B-C-A-B - C.

In Fig.2, only the D atoms between the first lagad the second layer are drawn with
small black circles in the state where D atomsirauad! the O sites. Therefore, both Fig.1 and
Fig.2 show the state where the ratio of Pd anddmatis 1: 1. Actually, since deuterium gas
at 10 atmospheric pressure at 80°C contains ordytal 7 D atoms for Pd atom 1, it does not
enter as much as in In Fig.2. Also, in Fig.2, thamgement of Pd atoms in the ideal state fcc
structure is shown, but in practical metals thaee aways some mismatches called crystal
defect.

»
»
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Fig.3 Edge dislocation.

One of the crystal defects is an edge dislocatiowhich the layer is locally increased or
decreased by one. Fig.3 is a conceptual diagranvisgacommonly used edge dislocations.
When such an edge dislocation is present, a pottiahbecomes sparse and a portion that
becomes dense can be formed, so that D accumuladesparse portion. Since the dislocation
Is in an unstable state, when a light load is &opln the direction of the red arrow, the
dislocation easily moves toward the blue arrow. plame where the dislocations move in this
way and the lattice constituent atoms move in thy@osite direction is called the slip plane.

The close-packed surface also serves as a slidifigce when the crystal lattice of the fcc
structure is deformed. When the metal receivesd, lthe entire crystal deforms as Pd atoms
move on this sliding surface. The large arrow shawhig. 2 represents the sliding direction
[1-10] of one of the Pd atoms at the B positiontaored in the (11-1) plane. However, rather
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than moving one atom at a time to the next B pasitit a stroke, moving to the C position
once as indicated by a small arrow once moves dontxt B position has less distortion
applied to its surroundings.

Fig.4 shows a state where one row of Pd atomseruiper left corner of the second layer
is moved from the B position to the C position asrsfrom the side which becomes sparse
due to the edge dislocation. Since the Pd atortiseifayers above the second layer also move
at the same time, the lower right side is A - B- £- B - C whereas the upper left side is A -
C - A- B - C. Since the structure differs betweahe lower right and the upper left, the
two-dot chain line indicating the boundary betwedwem is the position of the edge
dislocation. Fig.4 shows how D atoms accumulathénsparse part of edge dislocations.

Fig. 4 depicts a small part of the crystal to reprg the dislocation structure, but if a
number of edge dislocations are present in pargilal vertical direction, the orientation of
the crystal at the right and left of the edge diatmns Will tilt slightly. The crystal grain
boundary can also be said to be a place where rdmfycations gathered as the crystal
orientation clearly changes. In other words, if ¢thestal grain size changes even if the sample
does not see any movement, many dislocations avengat the same time.

Fig.5 shows a state in which the edge dislocati@ves in the direction of the arrow in
Fig.4 and goes to the lower right and becomes akted structure of A-C-A-B-C. The
D atoms between the first layer and the second layeer the position B where Pd atoms are
not present nearby. Furthermore, since the streadfirA - C - A - B - C has a structure
different from the ordinary structure, the bondfogce between A - C becomes weak. Also,
since the position of the adjacent atom separatdtiddislocation is B, D atoms accumulate
between A - C. When this layer containing D atomsepresented by (D), it can be expressed
asA-(D)-C-A-B-C.
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Next, Fig. 6 depicts a state in which the edgeodations moving the Pd atoms of the
second layer from the C position to the originap@&sition come from the same direction.
Returning to the laminated structure of A- B - & - B - C, if this edge dislocation goes out
to the lower right, as shown in Fig.7, it returaghe structure of Fig.2, and between Fig.4 and
Fig.7, the layer above the second layer Pd atommared by one in the [1-10] direction.

Let's follow the movement of D with these movementdislocations. D atoms are
accumulated between A and C in the stacked striadiirA - C - A - B - C after the
dislocations in Fig. 4 move, and a layer (D) igried. After that, when the edge dislocation of
Fig. 6 passes, the D atom of the layer (D) is aeddby the layer of Pd and a plurality of D
atoms enter one O site.

2) Ignition

At this time, the speed at which the Pd atoms netmithe fixed position is a function of the
elastic constant and the density of Pd. The sowldcity c is expressed by the following
equation.

M
c=,/—
Ve
Where M is the elastic constant of Pd and the density of Pd. The speed of sound is 3070
m/sec, which is 5.2 eV in terms of kinetic energy pPd atom. If several layers of Pd are
approaching from above and below, and one D nudleceives the kinetic energy of ten Pd
atoms, the D nucleus will have kinetic energy ofés2 If there are D nuclei with kinetic
energy of 52 eV among many abnormally accumulatedi®ei, nuclear fusion can be caused

with a significant probability by the tunnel effect
If D-D fusion occurs, the following well - knownaetions occur.
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(@) 2H+2H — 3H (1.0MeV) + p (3.0MeV)

(b) 2H +2H — 3%He (0.8MeV) + n (2.5MeV)

() °H+2H — “He +vy (23.8MeV)

When!H, 2H, “He are described in the reaction formula, theseesemt the nuclei present
as interstitial atoms, and when p, @are described ion beams ‘¢, °H, “He, respectively.
For other nuclei | do not write like this.

3) Ignition part of Transformation sample

D, gas
D Permeation Pd nano-sized multilayer film
C!,Hﬂ, etc.
£ )
vvyy . CaO 2nm
12K ' Pd 20nm

Fig.8 Transmutatiorsample profile[1].

Fig.8 shows a conceptual diagram and a partialigrged photograph of the surface of the
experimental sample of lIwamura et al[1]. There igminated structure of five layers of 2nm
of CaO and 20nm of Pd on the upper surface of pui¢ Pd plate and a 40nm Pd layer
obtained by further mixing a substance to be cdedethereon. Since the upper surface of
this sample is filled with Bgas and the lower surface is in vacuum, permeafi@occurs.

The function of the laminated structure of Pd - Ga@ought to be that CaO plays the role
of a flat orifice, and permeation becomes unifognthe laminated structure.

Therefore, it is considered that the Pd layer enujpper side of the laminated part is the
ignition part with high D concentration. This isotight to make it easier for D - D nuclear
fusion to occur by increasing the solid solubildf deuterium and making it deformable
easily.

Fig. 9 shows the State diagram of palladium anddyeh[4]. The D/Pd ratio of the surface
seems to be around 0.57 under the condition of &t 200kPa which is written as high
reaction rate in transmutation experiments[1].

Since it is a deuterium permeation in a staticestét seems that there is no shift of
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dislocation if it is simply considered. However,this experiment, on / off valve is used for
supply control of deuterium gas, and fluctuationpadssure is reported. If there is pressure
fluctuation, the thin film sample undergoes a cleamy bending load due to pressure. In
addition, Pd expands upon transformation framphase toa' phase. Since this phase
transformation occurs for each crystal grain, exesubtle change in pressure or a change in
temperature distribution will result in expansidnaopart of the crystal grains in the whole.
The grains around the expanded crystal grains ageced to tension, and the expanded
crystal grains themselves undergo compressionhignway, even though the entire sample
appears static, the dislocation will cause moveraadtD-D fusions will occur.

The microstructure of the triangular groove forneedthe surface has an effect of a role of
concentrating stress on thielayer of the valley groove portion, | think.
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Fig.9 State diagram of palladium and hydrogen[4].

3. Combustion reaction
1) Find a missing piece

The charged particles of f,H, and® He generated by the D-D fusion have sufficient
kinetic energy to overcome the Coulomb barrier it interstitial atom D and cause nuclear
fusion. However, reaction cross section is onlyf@t*H and 0.8b fof:He at the maximum
[5], these charged particle beams are stoppediatance of about 10n in Pd by stopping
power. Even for théiH beam having a larger reaction cross sectionDtmeiclei uniformly
distributed at a concentration of D / Pd = 0.7Hartthan 2.75A which is the distance of the
adjacent O site in a sphere ofub® radius, calculating the cross-sectional areanasvarage
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of 5b, the total reaction cross section is only 2508 of the full solid angle. Therefore, the
probability that the generated charged particldkdeowith the D nucleus as an ion beam is
extremely low, and the probability of nuclear fusichain reaction has been considered to be
extremely low.

If one D-D nuclear fusion is the starting point aadsignificant nuclear fusion chain
reaction occurs, the cylinder filled with deuteriigas at high pressure becomes a nuclear
bomb by a strong cosmic ray. But such things woll mappen. This suggests that "If there is a
chain reaction in the Pd crystal, there must beeahanism to increase the fusion probability
in the Pd crystal". So, | decided to look for thissing piece.

2) Mechanism to increase probability of nuclear fusioncrystal Part 1: Channeling
phenomenon

The first thing | focused on is channeling phenoadoe to crystals which are known for
crystallinity evaluation of Rutherford backscatbgrianalysis and abnormal doping depth
during semiconductor manufacturing. This Rutherfoadkscattering analysis is a technique
to measure the energy and intensity of ions seattbackward by irradiating a solid sample
with an ion beam and scattering.

Charged patrticles generated in equations (a) andrébion beams with energy values in
parentheses. Due to the channeling phenomenowryyktal field gives directivity to the ion
beam, so the ions with positive charges are codfime the crystal lattice of Pd and pass
between the crystal planes. One of the causescbf diwectivity is the Coulomb force from
the nuclei constituting the crystal lattice. Thehest is magnetic repulsion caused by
movement of free electrons and electrons peeledrofi atoms by an ion beam so as to
cancel magnetic lines of force generated by the em@mnt of ions. This force strongly
receives from the denser side of the electronikdigton. As a result of these forces, when the
sparse part of the crystal lattice is out of theteeof the continuous path, a force returning to
the center works, and the ion beam will make alge®tshaped turn slightly off the straight
line along the channeling path.

When the charged particles perform acceleration ianptthey emit energy as
electromagnetic waves. The electromagnetic waveggrieradiating per time is expressed by
the formula of Larmor as follows.

qzﬁ: 2 1 qz l'lj

: cee (1)

¥ - =<
6mEeC: 34ngy c°

Here,<o is the vacuum permittivity, q is the charge, this acceleration vector, and c is the
speed of light. Since the product of vectors hem@niinner product, P is a scalar quantity.
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Fig. 10 S-shaped turning ion beam

Fig. 10 is a schematic diagram showing the movenoérdn ion beam that makes an
S-shaped turn when the center line of channelinly gaindicated by a dotted line. Here, the
stopping power in the direction of the channelirghpis neglected. When the ion beam
deviates from the center line of channeling pathreceives a force in the direction of
returning to the center line, that is, acceleratianThis acceleration U increases with
increasing distance from the center line.

Since electromagnetic waves proportional to theasgjof this acceleration u are emitted
from equation (1), the attenuation of the S-shajoeding motion increases as the distance
outside the center line increases. Since the meflacts this electromagnetic wave as a fixed
end, the attenuation becomes stronger. Thereftwe, niovement of the ion eventually
becomes linear, and it passes through the centéheofsparse part of the crystal lattice
accurately. As a result, the probability that tb@ beam collides with the D nucleus of
interstitial atoms increases.

Here, supplementation will be made on the probgbiif the ion beam entering the
channeling path. When irradiating the proton beauitihé <100> direction from the outside of
the sample of tungsten, the scattering probakaliyuptly increases when the angle is tilted
by 2°[6]. The solid angle of this half apex angfe20° is only 0.0003045 of the total solid
angle, but this is only the probability of enterioige channeling path when the ion beam first
enters the metal. Azimuths that can be represdmyedumbers up to 2 have a total of 98
directions including <100> 6 directions, <110> lfedtions, <111> 8 directions and <210>
<211> <221> 24 directions each. Also, the integngkknerated ion beam gains chances as
long as it does not go out even if scattered insstethe probability of getting into the
channeling path if it scatters 100 times exceed.%ather, the probability is lower that the
channeling path in which the D nucleus falls behmel Pd atom is 62 directions among these
98 directions.

In addition, the probability of making the D nucteimto an ion beam by Coulomb force
and nuclear force as the ion beam passes throwhdighborhood is higher than the ion
beam directly collides the D nucleus. This D iomtehas energy due to Coulomb repulsion
of the nucleus of the original ion beam. For thelhamism of delivering energy, please refer
to the explanation of “4-1) Binary nucleus mode#idw. In this way since the number of ion
beams increases, there is an effect of increadiegfiision probability. These are the
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expansion mechanism of the nuclear fusion rateaaltiee channeling phenomenon.
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Fig.11a’ phase Palladium.

In order to facilitate the channeling phenomenbis necessary to have a crystal structure
with few lattice defects. Fig.11 is a conceptuagdam of then' phase of Pd. Since the D
nucleus of the interstitial atom bends the pattthgy Coulomb force with respect to the ion
beam coming through the channeling path, evereitcttanneling phenomenon occurs at high
D concentration, the accuracy of centering is paod it cannot give the nucleus fusion
energy to the D nucleus.

Fig.12 is a conceptual diagram of thghase of PdThe thinner the D concentration, the
better the centering accuracy due to the channelmanomenon, the closer the ion beam to
the interstitial atoms D nucleus, the more energy be deliveredSince thex nucleus has
twice the charge of the D nucleus, the D ion beamegated at this time will exceed the
Coulomb barrier of the D nucleus with a high praligb However, if it is too thin, it will be
impossible to generate a D ion beam, and the Cheaam will not collide the D nucleus, so
that the D-D fusion will not occur. Thus, thereaisuitable concentration of D in the chain
reaction. Many experiments have tried to simplyease the D concentration so far, but it
seems that it was necessary to adjust the contentm@ore. In fact, there is experimental
example in which a large amount of abnormal heaegdion was observed after the majority
of deuterium was released from the sample, afeatmlysis in electrolysis experiments [7].
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Fig.12a phase Palladium.

3) Experiments suggesting an increase in fusion piibtyatbue to channeling phenomenon

Fig.13 shows the relationship between the shieldimgrgy and the deuteron density of the
D (d, p) T reaction when a large amount of D ioarhdas implanted into each metal [8]. The
effect that the charge of the nucleus is cancelethe electron is called a shielding effect.
And the atom that gathers electrons than the dareia nucleus can obtain the same nuclear
reaction rate with the ion beam of low energy, Isis £nergy difference is called shielding
energy. As can be seen from the following FIGSah8 19, the higher the shielding energy
Us, the higher the rate of increase of fusion podite In the case of metals, this shielding
energy is one order of magnitude larger than thatommetals[9]. However, the reason for
this has not been explained so far.

In Fig. 13, since the horizontal axis is the reogal of the density, it is shown that the
lower D density, the larger the shielding enerdye higher the shielding energy is, the higher
the probability of D - D nuclear fusion is, so tlia¢ lower the D density, the higher the fusion
probability.

Since the channeling phenomenon is a phenomenosedaby a crystal lattice, the
channeling phenomenon is more likely to occur ks crystal lattice defects with large
crystal and no distortion. Here, D is an interstiatom of Pd, so it is one of lattice defects.
Here, D ions exceeding the D concentration of eaphase are irradiated to each metal of Ti,
Au, Fe, and Pd. By irradiation with such a largeoant of D ion beam, it is considered that a
hydrogen compound arffiphase are precipitated inside the samples, thstatsyare refined
and large internal stress is generated, furthectystal structure of the metal is broken and it
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becomes amorphous. On the other hand, PdO is esadido have a low D density and a
good crystalline state, so that channeling phenomenlikely to occur.

From these facts, | think that Fig. 13 shows tlnat ¢asier the channeling phenomenon
occurs, the fusion probability increases. Throughdhanneling phenomenon, the D ion beam
penetrates precisely between the lattices and pdssrigh where the D nucleus of interstitial
atoms exists.
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Fig. 13 Relationship between fusion probability and
deuteron density of D(d, p)T reaction in metal[8].

4-1) Mechanism to increase probability of nucleasidn in crystal Part 2: Binary nucleus
model

However, usually in the case of D-D nuclear fusitwe, reaction cross section is reduced to
10“ b at around 20keV[5]. This is quite small for Reistal lattice with a lattice constant of
3.89 A. Although it leads to the path where the Wizlaus is present due to the channeling
phenomenon, the fusion probability is unlikely ®high enough to cause a chain reaction.

By the way, at this time, D nucleus is not exafitted at the center of the O site, but it is
distributed with high probability that it existsarethe center of the O site by the uncertainty
principle. Since it is considered that the temperatrange of D nucleus is considerably
limited by exchanging phonons with free electrohthe temperature range of D is about 100
degrees, the uncertaintyp of the momentum represented by the expressiois (23.8 x 10
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"25 [kgm / sec], so the uncertainty of the positiortte D nucleusix is 3.6um. It is thought
that D nucleus is distributed over a fairly widega of O sites.

AXADE% 0 (2)

Also, if the cause of excessive heat generatioordinary D-D fusion, neutrons and
charged particles should appear as in the abovautar (a) or (b). Further, the charged
particles cause secondary reaction and tertiargticmaas described below. Therefore, if it
reacts actively enough to generate a large amouekaessive heat, radiation with strong
penetrating power such as neutrons and gamma oayaiced in the reactions of (d), (f), and
(g) appears.

(d) p+2H — 3He +y (5.5MeV)

(e) °He +?H — o (3.7MeV) + p (14.7MeV)

(H °H+2H — a (3.5MeV) + n (14.1MeV)

(9) o+2H— SLi+ vy (1.5MeV)

This is in contradiction to the result that excessheat is greater than 12 to 13 digits,
calculated from the measured number of neutroriedrcase of a large amount of excessive
heat[10]. Also, no notablerays have been reported. Therefore, the authtirhés a model
to further increase the fusion probability and eamnsld nuclear fusion without neutron beams
and gamma rays is necessary, and constructed {Bmareus model” to be described from
now on.

Consider the case where a floating star entergrtingty region of the sun. Since the total
energy of kinetic energy and potential energy oftfing stars and the sun is preserved,
normally it is not possible to capture floatingrstas a binary star unless the floating stars
collides with the sun. A floating star passes tgtothe vicinity of the sun, goes out of the
gravity area, returns to outer space again, anduhebtains kinetic energy by the gravitation
of the floating star. This is easy to understane@mvthinking that the total energy is preserved
in the coordinate system with the center of grawityoth the floating star and the sun as the
origin.

However, when there is a large amount of dust atdha sun like the primitive sun, when
the floating star pass through the vicinity of sum, it is decelerated by the surrounding dust,
so it may not be able to return to space agaithitncase the sun takes in the floating star and
becomes a binary star.
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lonbeam , Nuclear power zone

lon beamization

Fig.14 lon beam pass through the nuclear power,zone

Fig.14 is a conceptual diagram in which the flogitatar is replaced with ion beam and the
sun is replaced with interstitial atom. Let X be thucleus of this interstitial atom. Since the
centering is performed by the channeling phenometioe probability of the ion beam
striking against X also increases, but the numliao beams entering the nuclear power
zone of X is much larger. When the ion beam hasggrexceeding the Coulomb barrier of X,
most of the ion beam that came towards X entersitickear power zone of X but changes its
direction and flies away. The ion beam is scattdrgdX and X acquires momentum by
nuclear force and coulomb force by ion nucleus.

Fig. 15 is a conceptual diagram of the distancevben the D-D nucleus and the potential
energy. The vertical axis Y is obtained by conwvegrtihe potential energy Ep by the following
equation.

Y= 40-Ep [keV]

This Y is a coefficient set to represent Ep wheassitpve and negative are switched by one
logarithmic graph, and has no physical meaning. vidrécal axis is reversed. The horizontal
axis is the D-D internuclear distance and is draihe position of Ep = 0(Y=40). The Ep
was obtained as follows.
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Fig. 15 D-D nucleus distance and potential eneanceptual diagram.

Coulomb force Fc: It is a well-known formula in Gomnb's law, but it is a repulsive force,
so it is a minus.

Fc = - &/(4neol?)

Wheresgo is the vacuum permittivity, e is the charge of teeiterium nucleus and L is the
D-D internuclear distance.

Nuclear force Fn: that was constructed so that Figapproaches the author's image, and
there is no physical basis. If the nuclear forcegmversely proportional to the third power
of L or more, centrifugal force that balances thelear force cannot be obtained even if
accelerated by nuclear force. Therefore, | assuthatd Fn is inversely proportional to the
square of L as well as the Coulomb force.

When L > L1

Fn=0
When L< L1
Fn = 1/(4NL?)

Where L is the distance of the Coulomb barrier of D nusland N is the nuclear force
coefficient. As | thought that the nuclear poweries depending on the combination of
nuclides, | set N as a coefficient corresponding tioe”.

The sum of the Coulomb force and the nuclear fortegrated by L is the potential energy
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Ep.

Ep :jf(Fc + Fn) dL

The integral constant is obtained from the fact Ea= 0 when L =0, and Ep is continued
at L = Li1, and the following equation can be obtained bysstution.

When L> L1

Ep =&/(4nzol) —(@3)
When L< L1

Ep =&/(4neol) +1/(4NL1) -1/(4NL) —(4)

Assuming that the height of the Coulomb barrieEfs= 10KeV, L1 = 144fm can be found
from the equation (3). Assuming that Ep is -23.8Wef generated energy whelile is
generated when Lmin = 3.56fm of the diameter of mh@ximum reaction cross section
0.1b[5] during D-D nuclear fusion, N = 2.25 x"#0can be found from the equation (4).

Below, if affirming the Fig. 15, when the D ion lmeaof 20keV comes closer to the D
nucleus of the interstitial atomfrom right in front, the kinetic energy of the Dnidbeam
becomes 10keV when approaching 144fm by the Coulmphlsive force, and conversely,
the D nucleus which was the interstitial atom isederated to 10KeV, and the speeds are
almost the same. Once the relative velocity agfex of the Coulomb barrier is almost 0, the
D ion beam falls straight towards the D nucleus @augses nuclear fusion.

If the angle of the D ion beam slightly deviates,will climb the Coulomb barrier
diagonally and will shift laterally more. It cannekceed the Coulomb barrier and nuclear
fusion reaction does not occur. In this way of king, it can be explained that the smaller the
energy D ion beam, the smaller the reaction cress®) becomes. The reaction cross section
of the D-D nuclear fusion is maximum at about 0dvbn when the energy of the D ion beam
is several MeV, decreases as energy decreasedearaehses to b at about 20keV[5].

Conversely, for example, when arbeam of 6.2MeV is incident at a slight angle te b
nucleus of an interstitial atom, it goes beyond @mlomb barrier once into the nuclear
power zone, but it goes around the D nucleus ant tin the shape close to an open ellipse,
and it goes out beyond the Coulomb barrier againthds time, the D nucleus of the
interstitial atoms is accelerated by the Coulonedaand the nuclear force of theon beam
nucleus and gets kinetic energy.

In the case where D nucleus gets the greatest\erthgycase where the ion beam passes
near the D nucleus is a case wheredh®am is inverted by almost 180 degrees when the
center of gravity of the two nuclei are used asfarence. Calculating that the total energy is
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preserved, when the ion beam with the mass number 4 and the velocitpi®es, the D
nucleus with the mass number 2 is acceleratedetodlocity 4 and the ion is decelerated to
the velocity 1, so that 8/9 of kinetic energy o thbeam is delivered. In the case where D
nucleus gets the smallest energy, in the case wher®n beam slightly passes through the
course of entering the nuclear power zone of Dausg;land the bending due to the coulomb
force is canceled by the bending by the nuclearefothe delivered energy becomes almost
zero. In this way, D ion beams with various enexdiem about O to 5.5MeV are generated.

Similarly, the D nucleus got a large energy andobses a D ion beam gives energy of at
least 0 and at most 1/2 to the next D nucleushi;wway, ion beam which got the large energy
and lon beams with large remaining energy will zenD nuclei of interstitials one after
another. In this way, as described in 2) "Changelphenomenon”, if the channeling
phenomenon stably occurs, the energy of the iombdeving high energy is distributed to the
D nuclei of the interstitial atoms and many D ie@alns are generated.

magnetic force line
lon beam

Motion direction

magnetic force line

Fig.16 Binary nucleus formation.

Fig.16 is a conceptual diagram in the case whermmrbeam having energy capable of
exceeding the Coulomb barrier enters the nucleasepaone of X. Since both the ion beam
and the X nucleus are charged particles, when ribiage around each other, electric current
flows in the orbit. Free electrons in the metal m@ved in a direction that cancels the lines of
magnetic force generated from this current, resglin eddy current, which replaces heat by
electric resistance. In this way, since the swgrlkinetic energy of the charged patrticles is
absorbed in the metal, there are cases in whighatreein a state in which they rotate around
each other. Let's call this a binary nucleus.

Let us now consider an ion beam that has energywbttie Coulomb barrier. Even when a
D ion beam of 20keV or less is incident at a slighgle to the D nucleus of the interstitial
atoms, it may enter the nuclear power zone dulegdunnel effect and forms a binary nucleus.
But, since the swirling energy is not absorbed amuwum or nonmetal, either of them is
necessarily separated by tunneling effect, soabgerved only as scattering.
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However, since the swirling energy is absorbedhm metal, the binary nucleus is less
likely to separate in the metal. If the Coulombrimaris at the same height, the tunneling
effect increases as the energy of the ion beaneases. Therefore, the higher the energy
amount of the ion beam, the easier it is to becani@nary nucleus beyond the Coulomb
barrier, but on the other hand it is easier to pabeyond the Coulomb barrier by the tunnel
effect. In other words, the possibility that the ibeam forms a binary nucleus together with
an interstitial atom is increased in the both sald liquid metal, and the possibility that the
formed binary nucleus may separate is low.

Since the momentum of the binary nucleus is equahé momentum of the incident ion
beam, the motion direction of the formed binarylaus becomes the same as the incident ion
beam. When the ion beam enters from the left in E&y the consecutive nucleus moves to
the right like an arrow. Therefore, when an ionrbeanters along a channeling path to form a
binary nucleus, the formed binary nucleus also goethe same channeling path as it is. And
the binary nucleus becomes a binary ion beam. Thet @xis of the binary nucleus is
perpendicular to the direction of the incident ibeam. Since the binary nucleus emits
magnetic lines of force in the direction of thivqt axis, magnetic flux penetrates into the
metal at right angles to the direction of travdtefiefore, an eddy current is generated in the
metal, and a strong stopping power is exerted erihary ion beam.

If the concentration of D in the metal is low, tbgs without colliding the D nucleus,
captures the surrounding electrons as the binatlens and fits between the metal lattices as
a pseudo atom. Because the charged particles ecaeteleration due to the nuclear force of
each other's nucleus forming a stationary binargleus, they continue to emit energy as
electromagnetic waves according to Larmor's fornfli)aThe turning diameter of the binary
nucleus becomes small, and the nuclei constitutirgbinary nucleus get close to each other,
and eventually nuclear fusion occurs.

This binary nuclear model also solves the problémeaction cross section. Since the area
of the circle with a radius of 144fm in Fig.15 iS1b, the possibility of nuclear fusion via the
binary nucleus is much higher than the possibitigt direct D nuclei collide directly. An ion
beam that exceeded the Coulomb barrier and entbeechuclear power zone, drawn by
nuclear forces and approach the nucleus of therepygoonce, but if energy is not lost, it
returns to the same Coulomb barrier again in ortlitse to the ellipse. At this time, the
swirling kinetic energy may be absorbed by the hretalescribed above and become a binary
nucleus in some cases.

Looking a little more in detail, when each otheriscleus approaches, since the nuclear
power is strong and the speed is fast, since laxgeent flows with a small radius,
high-density lines of magnetic force appear. WhHenline of magnetic force changes, in the
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metal the current flows in the direction to supprd® change and changes to heat, a large
amount of kinetic energy is lost at the intersectidlong circular orbitals where the magnetic
field line changes greatly, and the orbit will apgeh the circle. Explain again using Larmor's
formula (1), the ion beam generates a lot of ebeetignetic waves and loses a lot of kinetic
energy in the part where the nuclear power worksngty. Since the metal reflects this
electromagnetic wave as a fixed end, the loss étla energy becomes larger within the
metal and the orbit becomes closer to the cirdeefa

The D-D binary nucleus takes over the momentunhef® ion beam that entered during
formation, and the mass after formation is doubtedthe velocity is halved. Therefore, the
kinetic energy of the D-D binary ion beam with hi#lé speed of the incoming D ion beam is
halved. The remainder becomes turning kinetic gnefghe binary nucleus.

If a D ion beam of 60KeV is entering the nucleawpo zone of D nucleus by a tunnel
effect at an angle that cannot come beyond theddaulbarrier, 30KeV becomes the kinetic
energy of the D-D binary ion beam and the remaild@geV becomes the internal energy of
the binary nucleus. Considering the center of gyawf the binary star as the origin, the
kinetic energy is 15keV per D nucleus at Ep=0 moim nucleus gains speed by nuclear
power when approaching each other, and returntstoriginal position against the nuclear
force by centrifugal force if the speed goes uprogch. If D nuclei can keep the elliptical
orbits, there are chances to get closer to thed@aulbarrier as many times as possible and
again to escape from the nuclear power zone biutiree! effect.

The D-D nuclear distance in the conceptual diagoéiFig. 15 corresponds to the diameter
of the turning circle of the D-D binary nucleus. tte conceptual diagram of Fig. 15, the
nuclear power is drawn as being proportional tordu#procal of the square of the distance. If
the nuclear power follows this calculation, takitige circular orbit while maintaining the
internal energy, in order to obtain the speed athvkhe nuclear power and the centrifugal
force are balanced, it is necessary for the D-Oaauadistance to approach 50fm. The total
turning kinetic energy of the two D nuclei at thirme is about 900keV.

Since it is necessary to convert the potentialgner kinetic energy so as to be balanced
with the centrifugal force in this way, the D nugdemoves away from the Coulomb barrier as
it becomes a circular orbit and it becomes diffidal D nucleus to leave the nuclear power
zone. So, when the binary nucleus does not sepataa the turning trajectory in the early
stage of the binary nucleus formation is closent@lipse, there is no chance to approach the
Coulomb barrier afterwards, and the possibilityetiminating the binary nucleus by the
tunnel effect becomes extremely low. Since the lacagon due to nuclear force is large, the
emission of electromagnetic waves by Larmor's fdanfll) is also large, and once it is settled
as a binary nucleus, it causes almost fusion.
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This nuclear fusion will be a "Mild nuclear fusiomwith much lower energy than usual.
Normally, when a D-D fusion occurs, it branche®t@ of the nuclear fusion reactions (a) to
(c) above. However, when approaching about 10ftténform of losing the 4MeV swirling
energy as an electromagnetic wave as it is, theches of (a) and (b) can no longer occur.
When the binary star nucleus approaches to about d4fmost all the 11.4MeV of the
remaining fusion energy after losing as electronetigrwave is converted into kinetic energy.
Therefore, when the reaction of equation (c) ocatrabout 4fm, whefiHe is generated, it
radiates kinetic energy as phonons and transmiss iheat to nearby Pd nuclei, and the
remaining small energyrays are emitted.

4-2) Incomplete combustion due to excess D

As shown by the State diagram of palladium and dgeln in Fig. 9, the D / Pd of the
'‘phase at 100 ° C exceeds 50%. Since the binarpeam goes on the same channeling path
as the captured D ion beam, if D / Pd is 50%, tieeeeD nucleus of an interstitial atom at the
O site where one was placed, and as soon asoitmgetl collide with D nucleus.

As described above, the kinetic energy of the Duaty ion beam is half of the D ion
beam taken in its formation, and the internal epeigo has the same value. If the coulomb
barrier between the D nuclei is set to 10keV asvshim Fig. 15, unless the tunnel effect is
taken into consideration, unless the D ion beaneeds at least 20keV, the binary nucleus is
not formed beyond the Coulomb barrier. That is, kireetic energy of the D-D binary ion
beam immediately after formation is at least 10ked the internal energy is also 10keV.

When the coulomb barrier height between D nucléOkeV, the coulomb barrier height of
the D-D binary nucleus and D nucleus is 20keV. Algben the D-D binary ion beam collides
with a stationary D nucleus, when looking at thatee of gravity as the origin, the speed of
the D-D binary ion beam is 1/3, and the D nucleutk w mass number of half is approaching
at a speed 2/3 from the reverse direction. Fromghint of view, total kinetic energy is 1/3 of
the kinetic energy of the original D-D binary ioeam, which is the maximum energy that
can be used to exceed the Coulomb barrier. Thergfoorder for the D-D binary ion beam to
exceed the Coulomb barrier of the stationary D ews| a minimum energy of 60keV is
required. For the kinetic energy of the D-D binawg beam to be 60keV or more, a D ion
beam of 120keV or more is required. Converselynata D-D binary ion beam formed by a
D ion beam with an energy of 120keV or less cofliath D nucleus, it will be pushed back
by its Coulomb barrier.

In the D-D binary nucleus that has just formed bih@ary nucleus, the orbit of the lower
internal energy is flattened, and the closest dcstais close to the size of the nucleus.
Therefore, when the D-D binary nucleus collideshviite D nucleus of the interstitial atom,
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the binary nucleus orbit will bend with the Coulofieioce of the D nucleus, and the D nuclei
constituting the binary nucleus collide with eathes, resulting in ordinary D-D fusion. The
lower the energy, the lower the possibility of famg a binary nucleus, but since the nearest
distance of orbit is closer to the D-D binary nusldormed by the low energy D ion beam,
the possibility that the D nuclei constituting thmary nucleus collide with each other and
cause ordinary D-D fusion increases.

However, when a D ion beam of 120keV or more iglusace the D-D binary ion beam
enters the Coulomb barrier, there is a possibiligt 3D nuclear fusion will occur as well as
D-D nuclear fusion where two nuclei collide. 3D ifus splits into the following two
equations[11].

(h) D+ D +%H — °He (4.7MeV or less) #H (4.7MeV or less)

() D+D+2H— a(7.9MeV or less) + D (15.8MeV or less)

Here, it is shown that the underline part is a tyinan beam state.

This reaction occurs in the same way when the Dbieam goes into the binary nucleus
just fits between the lattices as a pseudo atorthitncase, the minimum required energy of
the D ion beam is 30keV which is 3/2 of 20keV df tieight of the Coulomb batrrier.

If ion beams ofHe or®H are generated by the equation (h), the reactibtise equations
(e) and (f) occur, and rays, p rays and neutron rays are generated.egotion of equations
(a) to (c) takes place from ordinary D-D fusionddhe secondary reaction and tertiary
reaction from (d) to (g) occur. Therefore, from thgenerated by the reaction of the equation
(e), the following triple nucleus fusion may alszor.

() p+D+2H — o (4.8MeV or less) + p (19.1MeV or less)

From the above, when a D ion beam of 120keV or n®iesed in the state of excess D,
3He (4.7MeV or less)*H (4.7MeV or less)p (7.9MeV or less), D (15.8MeV or less) and p
(19.1MeV or less) which do not appear in ordinanpDusion occurs. If these particles can
be confirmed, the presence of a binary ion beanbegmroved. However, such these reactions
occur, neutrons and gamma rays are emitted.

4-3) Complete combustion (Nuclear fusion chain reaction)

When the D/Pd concentration is not high enoughatese the above incomplete combustion,
after formation of the D-D binary ion beam, it doest collide with other D nuclei and fits
within the lattice as a pseudo atom as it is argimaicleus. Since the nucleus constituting it
continue to be accelerated to each other, theyugiydlose energy due to braking radiation
and approach, to "mild nuclear fusion" and charmydHe nuclei. This is expressed by the
following equation.

(k) D + °H — “He (~ 0 MeV): For explanation of "Mild nuclear fosi' including
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explanation that there is no other branching, gleader to the last row of "4-1)
Cascaded kernel model". As described above, D ieambexceeding 20keV is
necessary for binary nucleation.

In this way,*He increases arftHe accumulates between the Pd lattices, and tiotionaf
the following equation increases.

(I) D + “He — °Li (1.5 MeV or less) : Since the sum of the mas#dd and*He is less than

the sum ofHe and®H, the reaction as shown in (h) does not occurcesthis is also "
Mild nuclear fusion”, the energy of gamma rays &sditis small.

In this way,5Li increases anflLi accumulates between Pd lattices, and the reactiche
following equation increases.

(m) D +°Li — 2a (11.2 MeV or less): Branch that binary nucleu®aind®Li undergoes "
Mild nuclear fusion”, releasing the rotational marnan the form of phonons to once
becomé®Be nuclei and separating into twanuclei by ordinary disintegration may be
conceivable. But the energy of the emiteedeam in this case is as low as 47keV.

However, it is believed th&Be nuclei are divided into clusters withnucleus as a
unit, and twoo. nucleus clusters are bonded with loose nucleaepdvor this reason,
when the binary nucleus of D afid undergoes " Mild nuclear fusion”, twonuclear
clusters are formed, at the same time twauclear clusters lose the centrifugal force
by turning and separate into twonuclei | believe. Most of the reactions are this
branch, in this case since they do not emit phontives emittedu-beam inherits the
swirling energy of the binary nucleus as kinetiergy. Therefore, | think that it has
much higher energy than thebeam due to the collapse®&fe mentioned above.

Since®Li is mass three times as large as D, 3/4 of tleeggnof the D ion beam can
be used to come beyond the Coulomb barrier, butrder to form a binary star
nucleus, a D ion beam exceeding 40keV is necessary.

Then, this high energy beam is led to théH nucleus of the interstitial atom by the
channeling phenomenon, and many D ion beams arerged. This is expressed by the
following equation.

(N) o + 2H — a + D: A high energy. beam cannot form a binary nucleus but generates

many D ion beams. Refer to the explanation of Figbelow.

These chain reactions of (k) to (n) are nuclearofughain reaction in the metal crystal
which occurred excessive heat with no neutrongrongy rays.

If these Li and He concentrations become excesieeaccuracy of channeling is lowered
and the chain reaction is difficult to continuebdlieve that it is necessary to be equal to or
lower than the concentration of Bgphase of D nucleus having a small mass numberder
to continue the nuclear fusion chain reaction inanerystal, it is considered that devises to
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discharge He of the final product are particulaxdgessary.

5-1) Experiments suggesting nuclear fusion by Bimarcleus model

| searched for past experimental results thatraffine above binary nucleus model. As a
result, | arrived at the phenomenon known as "Abradly increased phenomenon of nuclear
reaction in solid" in Fig.17 and "Shielding efféctmetal” in Fig.18.
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Fig.17 Evolution of yield during P irradiation to the Au coating PdDx[12].

Fig.17[12] shows the yield of protons in the casese Au is coated on Pd in which D is
dissolved as solid solution, and the*Dons of each energy are irradiated there. The
horizontal axis is the irradiated D fluence. Thetieal axis is the normalized yield in which
the yield of protons is represented by the usu@ll fdsion reaction yield by TRIM calculation
as 1. Since B molecular ion is used, the energy of the D ionnbés half of the numerical
value shown in the figure.

In all cases, the normalized yield is 1 or more] Hre lower the ion energy, the larger the
normalized yield. This indicates that the fusiorohability increases within the metal.
Furthermore, as the energy of the ion is lower, rte of increase of the nuclear fusion
probability increases, "4-2) Incomplete combustioe to excess D" is shown.

In this experiment, since the backside of Pd lediwith 1atm deuterium gas, according to
the state diagram of Fig. 9, D/Pd = 0.7 if it is°7Q. | think the D / Pd ratio is excessive to
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cause chain reaction. If the D concentration ieegive, the binary ion beam just formed is
collided with the D nucleus, causing normal D-D leac fusion by the explanation of "4-2)
Incomplete combustion due to excess D". Since psotenerated at this time can be counted
as yields, | think that the yield of protons ingega as the energy of the D ion beam decreases.

Also, if the binary nucleus causes " Mild nucleasibn”, protons will not come out and it
will not be counted. | think thalHe generated exists in the Pd sample after D i@mbe
irradiation. Furthermore, by adjusting the D corication in Pd, | believe that nuclear fusion
via the binary star nucleus can be increased. Tieirradiating B* ions with an energy of
80keV or more so that a binary star nucleus cafoimeed for*He and®Li, the nuclear fusion
chain reaction can occur and excess heat canlzedtil believe.
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Fig.18 Yield of protons by irradiation of D ionséach metal[13].

Fig.18 [13] shows the yield of protons when D i@ns implanted into each metal of PdO,
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Pd, Fe, Au and Ti. The upper part of the figureggptbe D ion yield versus Ed and the dotted
line is the calculated value of the D-D nuclearduasyield when there is no shielding effect.
In the upper part of the figure, the D-D nucleasidn yield relative to the energy Ed of the D
ion is plotted by normalizing it with Ed = 10ke\iéhthe dotted line is the calculated value of
the D-D nuclear fusion yield when it is assumed thare is no shielding effect. The lower
row shows the yield measurement divided by thigedbline value, and the solid line is the
calculated value of yield taking into account tladue of the shielding energy Us shown in the
figure. Also in FIG. 19, the shielding energy Usagyer as the fusion probability increases.

As in Fig. 17, the lower the ion energy, the higliee rate of increase in the fusion
probability, which indicates the nature of the Byjnauclear model. This phenomenon occurs
even with a liquid metal having no crystal struetuso it is clearly another phenomenon
different from that caused by the channeling phesoon.

5-2) Experimental data suggesting detectiom bfy chain reaction

Fig.19 shows the yield of rays with respect to the energy of irradiated mhgn D ions
are irradiated to Pd in which Li was dissolved @glssolution. The left side (a) shows Pd, the
right side (b) shows Au, the solid line in the upfigure shows the relative excitation
function normalized at 75keV, and the dotted linevgs the standard calculated value[14].
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The increase rate of Pd is 1800eV as the calcualagisult of the shielding energy and it is
larger than 60 eV of Au and the nuclear fusion pholity that exceeds the normal shielding
effect is seen. | think this is because D concéptran the vicinity of the surface becomes
thin enough to cause the channeling phenomenoiodhe sample being placed in a vacuum,
so that nuclear fusion chain reaction in metaltatysccurs, and the generatedays are

included.

5-3) Experimental example to suggest detection of gagiby incomplete combustion
All of the irradiation D ions in the experimentalagnples in this section have energy
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values of 120keV or more necessary for 3D fusisaugh the D-D binary nuclei. All of the
ions that match the energy values of the triplefug these experiments are considered to be
triple fusion through the binary nucleus. This égshuse it is unlikely that three nuclei are
gathered in one place at the same time and becense @nough to cause nuclear fusion.
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Fig.20 Spectrum of measured alpha line[15].

Fig.20 and 21 show theray spectrum and the proton beam spectra of TiBggal in a
vacuum when irradiated with 150KeV deuteron beamays of 4.5MeV or less are not
detected by the setting of the detector. The ardgssribed in (a), (b) and (c) are the
detector's respect to the beam directions. Themgpeshown in (a) was measured with a
200-um thick Al absorber, whereas the spectra)imfil (c) were measured with a 15-um one.
The vertical axis is the count number of the detegtrays of 4.5 MeV or less are not
detected by the setting of the detector[15].
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Fig.21 Spectrum of measured proton beam[15].

I will write my interpretation. Although the D coeutration of the sample is increased by
irradiating a large amount of deuteron beams, gdmeentration in the vicinity of the surface
should be thin since the atmosphere is vacuumigi2@, a. (7.9MeV or less) of the equation
(i) of triple nuclear fusion is considered, andig.21, p (19.1MeV or less) of the equation (j)
is considered. The reason why the maximum eneggekow is considered to be that triple
fusion does not occur because the D concentratidhesurface part is small. The reason that
the peak exists in the p ions of the equatiors(fansidered that the reaction becomes active
at the depth reachable of the p(3.0 MeV) ion begemerated by the reaction of the formula
(a) by the 150KeV deuteron beam radiation. Whehi2&eV or less in Fig.19is p
(14.7MeV) of the reaction (e) of the secondary tieacf fusion, which occurs at above a
certain concentration, is considered.
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Fig.22 Charged-particles spectra emitted from TsBrple
implanted with 300keV-deuteron beam[11].

Fig.22 [11] [16] is the charged-patrticles spectra@KeV and 150keV deuteron beam
irradiation for Au-coated TiDx. Since | think thiaie deuterium concentration is constant as it
is coated with Au, | believe here 4.7MeV-Helium/MeV-triton is considered to represent
3He (4.7MeV or less) antH (4.7MeV or less) of 3D nuclear fusion accordiadhe formula
(h).

| think that the peak written asof 6.2MeV is a beam emitted from a thin memberabee
the width is narrow so that thisag11.2MeV or less) of the equation (m), due tortbelear
fusion chain reaction derived from the thin D cantcation Au coating part.

6) Combustion part of transmutation sample

The portion of the 1t pure Pd plate under the vactofithe transmutation sample in Fig.8
becomes the phase with a low D concentration. Although thedowart is a vacuum, since
D permeations through the laminated structure gfaPtd - CaO from the upper part, CaO acts
as a flat orifice to suppress and equalize the mrentration. At the temperature of 80°C at
which the transmutation becomes active, Pd becdhsas phase under the pressure of about
10° to 10'Pa in the state diagram of Fig.9.

Since the distance that various ion beams emittedh fthe ignition portion can pass
through Pd is about Ln in consideration of stopping power, it is consadethat the portion
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of the Pd plate close to the laminated structurgigro around the upper ffh has an
appropriate D concentration in the combustion partand actively undergoes a chain
reaction. This is because if anon beam is generated around this portion, it gasisrough
Pd and the laminated portion of a thickness of A@Q and thex ion beam having energy of
still LMeV or more reaches the conversion nucldub® surface layer.

Although the transmutation sample itself is smallffate 1crhof 1t, the combustion part
is only a part of it. From this, even if the portisatisfying the conditions of the chain reaction
Is small, it is possible to maintain the nucleaidan chain reaction in metal crystal if at least
continuous supply of the ion beam can be received.

The channeling phenomenon is more likely to occurthe crystal structure of the
combustion part if there is no distortion, and #weuracy of centering also increases. The
microstructure of the triangular groove formed b surface has an effect of making it
difficult for the combustion part to inflate andrstk due to phase transformation of Pd in the
laminated portion, | think.

4. Transmutation

1) Transmutation when deuterium is introduced using&s

The Cs nucleus and the D-D binary nucleus haveib®st and twice the charge of
hydrogen respectively. Therefore, in order for Bv® binary ion beam to approach the Cs
atomic nucleus, it must exceed the 1100keV Couldratyier of 110 times the Coulomb
barrier that it overcame during the D-D binary mwd formation. The D ion beam having
such high energy cannot be captured by the D nschknd the D-D binary ion beam is never
formed. Therefore, | believe that D-D binary iorabes are not involved in transmutation.

The ion beam generated by the chain reaction i @rénd ifa in the vicinity of 6.2MeV
in Fig. 20 is regarded as anion generated by a chain reaction, it has sufiicenergy to
generate a conversion nucleus. Therefore, nuclesorf with thiso ion beam must explain
the transmutation.

The surface layer of 40nm in which the nucleus thdt undergo transmutation is
implanted is in thex' phase with high D concentration, but the highrgne ion beam is
subjected to the channeling phenomenon in the aryasttice of Pd having heavy specific
gravity, it goes through the road where the nucksts. The energy of theion beam that
passed through the laminated part with a thickné4®0nm from the combustion part is still
so large. It cannot be captured by the nuclearefofcdhe D nucleus, but enters the Coulomb
barrier of the nucleus that will undergo transmotat represented by the Cs nucleus of
atomic number 58 and is suitable for forming a kynaucleus. The Coulomb barrier of the
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nucleus that will undergo transmutation becomesrgel sphere than the D nucleus, and the
valley of the potential due to its nuclear powedeégp. Therefore, it captures théon beam
passes near a wider range, to form a binary nucleus

In this way, mild nuclear fusion occurs via the dw nucleus with thex beam and
transmutation occurs. Since the nucleus is light to the nucleus that will undergo
transmutation, the binary beam hardly moves, and tlucleus remains in a position
susceptible to nextt beam. As a result, mild nuclear fusion with thebeam occurs
continuously, resulting in transmutation in whitie hucleon at integer multiples @hucleus
increases.

The transmutation experiment[1] shows the followiagults.

133Cs~»141Pr(+8)

138Ba—~150Sm(+12)

137Ba—149Sm(+12)

182W—190Pt(+8)

186W—1900s(+4)

These transmutations can be thought to be duestfbllowing continuous reaction.

13Cs+o0—La, ¥ Lato—141Pr

13833+ a—1Ce, *Ce+ a—1Nd, ¥Nd+ a—1Sm

3Ba+a—1Ce,*'Ce+ a—1"Nd, *Nd+ a—14Sm

18AN + 0—1850s, 18505+ 0— 1Pt

188 + 0—1%%0s

The reason why the transmutation fréfCs stops at*Pr is becaus&*Pm is an unstable
nucleus, and nuclear fusion does not occur bedfgseeight increases as it changes to this
nucleus.

Fig.23 shows the transmutation rate when experiahégtnperature and pressure are
changed[1]. The reaction rate of 180 to 230kP®ALC8s as large as 62% on average,
indicating that extremely actively transmutatiocars.
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2) Transmutation when deuterium is introduced by ebégdis of heavy water
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Fig.24 Comparison of SIMS Mass Spectra between €000
and No Cs Impression sample[1].

Fig.24 shows the result of SIMS mass spectromdtey sample into which deuterium was
introduced by electrolysis of heavy water[1]. Transied nuclei are confirmed at the center
of the sample in which Cs is implanted, but the ami@f conversion nuclei is very small. In
addition, there are particularly few Pr, and vasiqwclides have been confirmed. In this
experiment, perhaps trying to increase permeatipth® concentration of D was raised too
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much, and the combustion part causing the chaictioabecame far from the nucleus that
will undergo transmutation, and it seems thaays by chain reaction did not reach.

Although there is no directly comparable numericale, it is considered that the number
of converted nuclei is several orders of magnitsdller than the conversion rate of 62%
when D> gas is used. This difference indicates that tipplsuamount of the ion beam to the
nucleus that will undergo transmutation is smalls lthought that the D concentration in the
portion where the ion beam can reach is excesamne, there is no chain reaction occurring
there.

However, it is still thought that D-D fusion of theguations (a) to (c) and triple nucleus
fusion of the equations (h) to (j) occurred, retoejvthe supply of the ion beam from the
ignition part. Then, the ion beam to be generase8 kinds of°He, °H, a, D plus a trace
amount of p generated in the secondary reactiocoriesponds exactly to the measurement
particle in Fig.20.

An example of a reaction for producing the nucliscribed in Fig.24 fronf¥*Cs in 4
species except p is as follows.

(1) o+13%5Cs— ¥%La

D + 3578 — 13%sCe— 3%/La + €

(2) °H +1%%5Cs— 1%%¢Ba

o + ¥%eBa— 4%sCe

(3) 20 +13%5Cs— “hkePr

(4) D +1%eCe— ¥%gPr— 4%59Ce + &

The reason why*s¢Pr is small in Fig. 24 seems to be that nuclearsfamation to Nd
occurs because the supply ratio of ion beanisipb and p is high unlike the chain reaction.

Fig.25 is ay-ray spectrum at this time[1]. Theray at 511.5keV has a difference of 0.5KeV
from y ray 511.0KeV when electron-positron pair annioiat but it agrees with that at the
time when positron having kinetic energy annihilake is thought that there are some
positrons in the generation reaction of variouslidas. For example, positrons are released
by the reactions of (1) and (3) below.
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3) Transmutation in the case where deuterium is inited by electrolysis to a sample
without Cs implanted
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Fig.26 Comparison of ICP-MS Spectra between E006
and No Cs Implantation sample[1].

Fig.26 shows ICP-MS mass spectrometric analysisiteesf a sample planted witi°Cs
and a sample not planted when deuterium was intexilby electrolysis[1]. Although
transmutation nucleus has been confirmed, the atmsumne order of magnitude less than
that of Fig.24 in the sample planted wifiCs. In the sample not planted wiHCs, almost
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no nucleus with a mass number of 138 was detent&igi24, whereas in Fig.26 many of it
were detected. Below, | will try to explain thisut.

In the ICP-MS mass spectrometry, the surface lajehe sample is dissolved with nitric
acid, and it is converted into a plasma and subgetd mass spectrometry. On the other hand,
in SIMS mass spectrometry, mass spectrometry ifonpeed by tapping out elements in a
deeper position from the surface by argon sputjenim a narrow region. Therefore, ICP-MS
mass spectrometry is analyzing the extreme supbacgon of the sample, and SIMS mass
spectrometry analyzes locally deeper points.

Even samples not planted withiCs, since CsN®is present in the electrolytic solution,
133Cs adheres to the surface, which becomes nuclamisvith undergo transmutation. Since
these are only attached to the surface, if a Héo&m with two charges is taken in to form a
binary nucleus, it moves away from the surfacetduies momentum. IfH, D or p is taken in
to form a binary nucleus, the nuclear fusion endsglarge, so the magnetic lines of the
binary nucleus strongly work, and since the monmmnisismall, it remains on the surface. In
addition, Cs, Ba, La with high ionization tendendigsolves in the electrolyte from the
surface when the electrolytic potential is lowea¢the end of the experiment. However, since
Cs is large in quantity, it remains on the surfdé@mm these ideas, | think that the nuclide
with mass number 138 is Ce and is generated bipllogving reaction.

(1) 3H +13%5 Cs— 13%¢Ba
D + 13%¢Ba— 13&; La— %eCe + €

5. Conclusion
The author was able to explain the excessive heatrgtion and all the results of
transmutation experiments by this Nuclear Fusionchdaism in Metal Crystals. This
suggests that the nuclear fusion mechanism in noggatals is correct. Below is a summary
of the main points of this mechanism.
A) Thea 'phase is the ignition part and tl@hase is the combustion part.
Internal deformation such as phase transformationes edge dislocation inside
phase, causing abnormal accumulation of D, cauBifig fusion by tunnel effect.
These ion beams enter thephase part, and a chain reaction occurs. Theretore
necessary for the combustion part to be presetiterrange where the ion beams can
reach.
B) The ion beams entering tlhephase part lead to the D nucleus of the inteab@iioms
by the channeling phenomenon and generate mang Beiams.
C) The D ion beam form a binary nucleus with the stigal atom D, causing mild
nuclear fusion and 4He is produced. This 4He takeke D ion beam and becomes a
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binary nucleus, and 6Li is generated. Furtherntbiie,6Li takes in the D ion beam and
becomes a binary nucleus, causingoar@action, and a powerful ion beams are
generated. This ion beams are again guided to the D nucleus ointleestitial atom,
and many D ion beams are generated. These reactossitute a nuclear fusion chain
reaction in metal crystal.

D) The powerfula beam forms a binary nucleus with the nuclear thigit undergo
transmutation, and transmutation occurs by mildeardusion.

E) In order for the fusion chain reaction to occuisihecessary to have an appropriate D
concentration.

F) When the D concentration is excessive, channelr@mpmenon hardly occurs and it is
difficult for a binary nucleus to be formed. Andettbinary ion beam just formed
collides the other D nucleus, causing a normal BuBion reaction, and no chain
reaction occurs. When a D ion beam of about 120keMore is irradiated, the formed
binary ion beam captures the D nucleus of inteasatoms, and a triple nucleus fusion
occurs. The fact that the particles generatedignddise have already been confirmed is
evidence of the existence of binary nuclei anddyinan beam.
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Water Clusters Related to OHMASA-GAS

Hidemi Miura
zumi-ku, Sendai. 981-3109, Japan

Abstract: One of the hydrogen-including oxy-hydrogen gasded@HMASA-GAS is obtained through the
electrolysis of water under vibratory agitation\igration blades. This gas has many useful progeguch as
being stored as the hydrogen (H) and oxygen (O}uréxgas. Furthermore, some noticeable phenomera ha
been reported that various elements seem to beaajedeunder vibratory agitation of pure water ouemps
chloride solutions related to the generation of tas. In order to investigate these propertiegppaedomena by
computer simulations, OHMASA-GAS was supposed tedraposed of water cage clusters which encapsulated
H* ion, H, molecule and H atoms, and the generation of vargements under vibratory agitation was supposed
to be caused by the collapse of spherical bubbi#s nuclei of water cage clusters. While in thet lsidy
calculations have been carried out by only the agmpsimulation program MOPAC, in the present study
almost all of the results of MOPAC were confirmeg énother computer simulation program Quantum
ESPRESSO.

Keywords: computer simulation, water cluster, OHMASA-GASnggration of various elements

1. Introduction

OHMASA-GAS (Oxygen-Hydrogen Mixing Atomic Symmeteid Aeration-Gas) is one of
the hydrogen-including oxy-hydrogen gases, whiclohsained through the electrolysis of
water under vibratory agitation by vibration blad@kis gas can be stored as the hydrogen
(H) and oxygen (O) mixture gas and has many otkefull properties that some metals or
glassy carbon melts instantly as if it vaporizeshath temperatures when it comes into
contact with the flame of burning gas, and some gembustible compounds are formed
when carbon dioxide (Cfpis mixed with, and so on. Furthermore, relatedhs generation

of this gas some phenomena have been reportedahatis elements seem to be generated
under vibratory agitation of pure water or aqueohride solutions. These properties and
phenomena related to OHMASA-GAS, which are desdrilie Appendix-1, have been
investigated through the view point of “water cirst by computer simulationd 2.
Suppositions of generation processes of OHMASA-®@AS related phenomena for computer
simulations, which are described in Appendix-2, soedifficult to solve that even in this
study only some water clusters which occur on tisegmosed processes, such as water tube
clusters, water cage clusters, water cage cluateich encapsulatedHon, H2 molecule and
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H atoms, and high density water cage cluster, wensidered.

While in the last study calculations have beeniedrout by the computer simulation program
MOPAC (Molecular Orbital Program Package) of sempeical molecular orbital method,
adding to it in the present study calculations wegied out by another computer simulation
program Quantum ESPRESSO of the first principleemalar dynamics. Almost all of the
simulation results of MOPAC were confirmed by QuemtESPRESSO. The bonding energy
per water molecule of water cage clusters rangiom fabout decamer to icosamer, which
encapsulated Hion, H» molecule and H atoms, became near to that of mmesavater cage
cluster of reqular dodecahedron which had beenreéden the gas phase. From this point it
can be interpreted that the water cage clustershndmcapsulate Hon, H. molecule and H
atoms, the model of OHMASA-GAS, would stably existgas phase. Furthermore, high
density water cage clusters, which were supposebetanade of pressurized water cage
clusters in the collapsing bubbles, were simulafexddfor the generation of various elements,
collisions of the high density water cage clustegsinst the surface of palladium plating
vibration blade would be investigated comparingtite other experiments of heavy water
electrolysis, deuterium gas permeation, and so on.

2. Calculations

2.1 Hardware and Software Used for Calculation

Calculations were carried out on a personal cormpubtech had 4 cores / 8 ways CPU with
32 GB main memory by using the computer simulatimgram MOPAC (Ver.6) based on the
MP3 of semi-empirical molecular orbital methd@ and Quantum ESPRESSO (Ver.5) based
on the density functional theory of the first piple molecular dynamic®. These programs
are working on the molecular computation supposteay program Winmostdf © which
assists in directly passing the optimized atomiordmates calculated by MOPAC to
Quantum ESPRESSO, in exchanging atomic kinds aadgshg atomic coordinates, and in
immediately showing structures of water clustersl autputting graphics of calculated
spectra, and so on.

2.2 Calculated Water Clusters

OHMASA-GAS and the neutral agueous electrolyte wdu generated when the spherical
bubbles with the nuclei of small water cage clistbow to electrodes of electrolysis
[Appendix-2 a) and b)]. Various elements would lkeeerated when the spherical bubble with
a nucleus of small water cage cluster on the seiddwibration blade collapses and when this
small water cage cluster collides on the surfacalwftion blade and is pressed to form high
density water cage cluster [Appendix-2 c)]. In orttecheck the structural optimization and
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infrared absorption spectra calculated by MOPA@anmed absorption and Raman scattering
spectra were calculated by Quantum ESPRESSO. @#duilvater tube clusters and water
cage clusters, which were classified by shapeagssection or surface pattern, are shown in
Appendix-3. Examples of the optimized structureswaiter tube clusters and water cage
clusters calculated by MOPAC are shown in Apperdix-

a) Water Tube Clusters

Water sheet clusters would be formed on the pressiisurfaces of vibration blades under
vibratory agitation. When the vibration blade moirethe opposite direction, large water tube
clusters would be made of the water sheet clustdrish are partly peeled off by water
streams under vibration agitation. The water tulosters, which were formed by bonding
several cross sections of pentamer and hexames, caéulated.

In the case of vibratory agitation of the aqueolscteolyte solutions with alkali or
alkaline-earth metal or other metal, the metal ateonld bond to the surface of water tube
clusters. Calculations were carried out for aguédg€l solution.

b) Water Cage Clusters

When the large water tube clusters are divided théeodecamer, pentadecamer or icosamer
base small water cage clusters, spherical bubbléstie nuclei of these water cage clusters
would be formed. Adding to the decamer of cubic steicture (I ¢ phase ice) and the
icosamer of regular dodecahedron, the water cagstecs formed by bonding a few cross
sections of trimer, tetramer, pentamer and hexaveeg calculated.

OHMASA-GAS would be generated when the sphericablbes with the nuclei of water cage
clusters flow to electrodes of electrolysis and wit€ ion, Ho molecule and H atoms are
encapsulated in the water cage clusters or O atord to them as hydrogen peroxide@s),
and the neutral agueous electrolyte would be geebrahen chlorine (Cl) atom is bonded to
them as hypochlorous acid (HCIO). As for the stafesncapsulated Hon, H> molecule and

H atoms the overall water cage clusters were catied) and as for the states of bonding O or
Cl atom the decamer water cage clusters of cubistizicture were calculated.

c) High Density Water Cage Clusters

When the vibration blade moves in the oppositectiva again, some spherical bubbles
collapse near the pressurized surface of the wilorélade. The impacts of collapsing bubbles
propagate to the other spherical bubbles stayinghernsurface of the vibration blades and
cause them to violently collapse. The water cagstet of nucleus in the collapsing spherical
bubble would be pressed by water molecules whml fhto the collapsing spherical bubble
to become high-temperature and high-pressure. Hdiervgtate of a high-pressure of several
giga-pascals at normal temperatureVis phase ice formed by inserting the cubic icd of
phase into the cubic ice. The pentadecamer watgr daster, the structure of which was this
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mutually inserting cubic ice, was calculated.

In the case of vibratory agitation of agueous atisolutions with alkali or alkaline-earth
metal or other metal, the metal atom would bontheosurface of water tube clusters which
would be divided into the water cage clusters. @atons were carried out for the case of
agueous MgGlsolution.

3. Results and Discussion

Calculations of almost all of the water clustersy@@dMOPAC were carried out by Quantum
ESPRESSO. In those cases, SCF (Self Consistenf) Egculations in Quantum ESPRESSO
were converged with the optimized atomic coordisatalculated by MOPAC, and infrared
absorption and Raman scattering spectra were asdcliby Quantum ESPRESSO.

All of the infrared absorption wavenumbers of watdusters, which are calculated by
MOPAC after the structural optimization of watenstiers, were positive. However, the peaks
of wavenumbers ranging from about 0 to 800 /cmutated by MOPAC became negative in
the infrared absorption and Raman scattering spexltculated by Quantum ESPRESSO,
which used the same optimized atomic coordinatesatér clusters calculated by MOPAC.
Although it would be partly recognized that theustural optimization of water clusters by
using MOPAC were not perfectly calculated, it wobklalso recognized that the vibrations of
small wavenumbers ran off the harmonic oscillatidng to the non-harmonic terms of the
pseudopotentials used by Quantum ESPRESSO foiliretion analysis.

Hydrogen bonds for the formation of water clustemse each H atom between tow O atoms,
and H atoms of Hydrogen bonds are thought to chaogéions in about 10-20 psec. These
times correspond to the spectral wavenumbers aite@@0-150 /cm, so that the vibrations of
wavenumbers ranging from about 0 to 800 /cm of meltesters would be considered to lose
the restoring forces by hydrogen bonds.

Furthermore, the sharp peaks of bending modes dérwdbO) molecules appear at
wavenumbers of about 1700 /cm and the sharp pdastsetching modes of #0 molecules
appear at wavenumbers of about 3800-4000 /cm imnfrered absorption spectra calculated
by MOPAC respectively, but those peaks spread muhe infrared absorption and Raman
scattering spectra calculated by Quantum ESPRES&Otad the coupling between the
bending and stretching vibrations each other.

3.1 Water Cage Clusters

Infrared absorption and Raman scattering spectralesimer and icosamer water cage
clusters which capsulate*ibn, H> molecule and H3ion (H" ion and H molecule or two H
atoms) are shown for examples as follows.
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a) Decamer Water Cage Cluster which EncapsulatderH

IR Spectrum —
52 1R spr a x
Cuit | [Save |Exeel | DisplF| < >E|Y*Leve\ < >[05 Joioso [ev o [osTie | | ~|
Wector| [copy | ScalF[1000 [ edit | Width | < >[20 ] semin[0 |é-max[5000 | [CI%-Rev. EIR B4 Rev.
363 0.663 A | D(17cm) B00 1000 1600 2000 2600 3000 as00 4000 4500 AO00
338 0488 ! | ) ) ) ) ) ) ! ) )
279 0.788 r
405 0.542
409 00645
414 0.545
434 0,955
445 0,459
4849 0.728
435 1,104
ik 0.693
h29 0,345
546 0.565
678 0.684
h87 0.878
611 0.703
B26 0. 89E6
B27 0.788
650 1.152
B74 0,487
724 1.744
739 1.43d
7B1 1.180
kil 1. 603
[Less_tar Rl
1 . + H .
Fig. 1-a:H*@(H0)10 Fig. 1-b: Spectrum of @ (H0)10 by MOPAC
The red and yellow spheres Infrared absampti
represent the O and H atoms, Red vertioaliidicates the oscillation of H+ ion.
respectively.
B2 IR/Raman Spectrum — [m] x
Quit | [Save | Excel | DisplF| < >[1 Jimtevel [ < >[05 01512 Jew o |[107752 [9227206]Raman |
Wector| [copy | Scal F[1000 o | edit | Width | < >[20 ] X—mlnDX—max [x-Rev. (IR 4 Rev
-261 0.019 83.328 ~| 0i1fem) 500 1000 1500 2000 2500 3000 8500 4000 4500 500f
=201 0.262 438.473 L L L L L L L L L L !
<95 0.0421920.662
118 0.263 B12.293
143 0.147 764,618
201 0.0031202.908
235 0.101 46,254
27 0.064 72,82
296 00127 217.353
224 0.1281395 762
a6 0.111 663116
400 0.058 137.628
432 0. 1161630, 064
45 0.134 282,860
513 0.1762533.343
h3 0.828 172.101
G700 0.121 28,871
633 0.3171515.619
147 0.138 313.223
z 0.043 224,836
747 0.519 gL
782 0.960 B4.BE2
826 0.338 448,161
854144120403 n

Fig. 1-c: Spectra of HD(H,O)10 by Quantum ESPRESSO
Upper: Infrared absorption, Lower: Raman scattering

Red vertical line indicates the oscillation of Hhi

Large peak appears in the infrared absorption dtieetcoupling of

oscillation of H and bending vibrations of @ molecules.

When one H ion is encapsulated in the decamer water cagdec|ube oscillation of it
appears at a wavenumber of about 1000 /cm [Fig.d-bn the infrared absorption spectra
calculated by Quantum ESPRESSO [upper on Fig. flie]large sharp peak of oscillation of
one H ion appears due to the coupling to the bendincatiiins of HO molecules.

b) Decamer Water Cage Cluster which Encapsulatéddtecule

When two H atoms are encapsulated in the decamter wage cluster as one kolecule,
the weak vibration of the Hnolecule, two H atoms move against one anothgreas at a
wavenumber of about 4500 /cm, which is originafifrared inactive [Fig. 2-b, c].
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two H atoms move against one another.

c) Decamer Water Cage Cluster which Encapsuldtéorl and Two H Atoms in a Slightly

Curved Line Structure

When one Hion and two H atoms are encapsulated asibh in a slightly curved line
structure in the decamer water cage cluster, ttegching vibration of the both ends of H
atoms or H ion appears at a wavenumber of about 2500-3000 vdmich is originally
infrared inactive [Fig. 3-b, c]. The vibration dfet center H atom or 'Hon against the both
ends of H atoms or Hon which appears strongly at a wavenumber of 88600 /cm as a
sharp peak in the infrared absorption spectrumutatied by MOPAC spreads out in the
infrared absorption and Raman scattering spectaloulated by Quantum ESPRESSO [Fig.

3-c].
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d) Decamer Water Cage Cluster which Encapsulatekiiand H Molecule in a Triangle
Structure

When one Hion and one Hmolecule are encapsulated as kbn in a triangle structure in
the decamer water cage cluster, an oscillationhef whole H molecule appears at a
wavenumber of about 1000 /cm and another oscilath the H atom appears at a
wavenumber of about 1200 /cm [Fig. 4-b], both ofickhseparate to a few of peaks in the
infrared absorption and Raman scattering spectaioulated by Quantum ESPRESSO [Fig.
4-c]. Furthermore, a weak vibration ot iFholecule, two H atoms move against one another,
appears at a wavenumber of about 4400-4900 /cnchwhioriginally infrared inactive [Fig.

4-b, c].
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e) lcosamer Water Cage Cluster which Encapsultétddolecule

When two H atoms are encapsulated in the icosaratgrwage cluster as one kiolecule,
the weak vibration of the Hnolecule, two H atoms move against one anothgreas at a
wavenumber of about 4500-4800 /cm, which is oridynanfrared inactive [Fig. 5-b, c].
Similar calculations on the henicosamer water cabester were carried out, which
encapsulated one 2B molecule in the icosamer water cage cluster. KeweSCF
calculations converge on both icosamer and hemcesawater cage clusters which
encapsulate only onezkholecule.
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3.2 Bonding Energy per Water Molecule of Water @us

The bonding energy per water molecule of the wiatiee clusters is larger (negative absolute
value is smaller) than -25kJ/mol [Fig. 6], whichnearly same value of those of the water
cage clusters of no encapsulatedidéh or B molecule and H atoms reported last tin®n

the other hand, when™Hon or H molecule and H atoms are encapsulated in the wates
clusters, some bonding energy per water molecutbesh decreases (negative absolute value
increases) smaller (negative absolute value isetarthan -25kJ/mol [Fig. 7]. Since the
bonding energy per water molecule of the icosametew cage cluster of reqgular
dodecahedron, which has observed in gas phas26.5kd/mol by calculation, some water
cage clusters which encapsulate orfeidth or i molecule and H atoms (especially oné H
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ion and two H atoms in the slightly curved linednking energy per water molecule of which
becomes smaller (negative absolute value is laitarn -25kJ/mol, would be presumed to
stably exist in gas phase.
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Fig. 6 Number of Multimer and Bonding Energy pert&#aviolecule of Water Tube Clusters
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Fig. 7 Number of Multimer [Structure] and Bondingegy per Water Molecule of

Water Cage Clusters which encapsulatédd or H» molecule and/or H atom

3.3 Generation of Elements under Vibratory Agitatio

It has been reported that various elements arergi@geunder vibratory agitation of the pure
water or the aqueous electrolyte solutions like meagum chloride (MgG) by palladium
(Pd) plating vibration blades with a frequency bbat 160 Hz. Some elements which have
been analyzed by ICP (Inductively Coupled Plasn@ane emission spectrometer are shown
in Appendix-5. It would be recognized that manyheats are generated in some mechanisms
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under vibratory agitation with respect to each @etrof aqueous chloride solutions because
the amount of generation elements increases wihdedgmaining amount of solute elements
decreases, the kind or the amount of generatiomegitss changes as the kind of solute
elements changes, and the amount of generatioreetenmncreases as the additive tritiated
water replaces heavy water.

However, almost all of these generation elemem@sreriuded in the materials of such as used
instruments, experimental apparatuses or surrogndlrjects, so the aqueous electrolyte
solutions might be possibly contaminated by somemehts through the top of opened
vibratory agitation tank. Furthermore, since th@emeration of elements under vibratory
agitation are supposed to be caused by collapsashiiies with nuclei of water cage clusters
[Appendix-2], it would be possible that the impaofscollapsing bubbles propagate in the
agueous electrolyte solutions to clean up or staff/ghe surface of used instruments or
experimental apparatuses, then some materialseof tissolve in the aqueous electrolyte
solutions.
Nevertheless, the amount of generation elementgrunitiratory agitation of the agueous
magnesium chloride (Mgg@)l solution seems to be much larger than that obther agueous
electrolyte solutions. Especially, phosphorus (®)considered to be significantly much
generated even if some amount of it is contaminagedhuch as whole amount of the other
generation element copper (Cu) or silver (Ag) iataminated. Since nuclear transmutations
which increase atomic number four or so have beparted in some experiments or theories,
this generation of P from Mg, which does not inseeatomic number four but three, would
have to be investigated.

a) Formation of High Density Water Cage Cluster
When some spherical bubbles collapse near thecsudfthe vibration blade, the impacts of
collapsing bubbles would propagate to the otheespal bubbles staying on the surface of
the vibration blade and cause them to violentiMapse. Then the nucleus of collapsing
bubble would be pressed by water molecules whiatv finto the bubble to form the high
density water cage cluster. As for the high densgyer cage cluster, the water of structure of
VIl phase ice, that is, the cubic ice dfc phase mutually inserts into the cubic ice, is
considered. Calculations were carried out on thegakecamer water cage cluster composed
by the decamer and inserting pentamer.

103



BB Normal Mode #103 1287.5(1/cm) - | X B2 IR Spectrum — O =

EleView Help Guit | [Bave | Excel | DisplF| < > Jtevel | < >[06 02187 [ev (04482 | I <]
Anim. | [Vector | [copy | Scal F[1000 « [ edit | Width | < >[20 ] semin[0 |pmax[5000 | [(J%-Rev. EAIR £ Rev

48 L6797 A | O(1/em) BO0 100 1500 2000 2500 3000 3500 4000 4500 5004

]

Fig. 8-a: (H20)s Fig. 8-b: Spectrum of {815 by MOPAC
The red and yellow spheres Infrared absampti
represent the O and H atoms, Red vertinalihdicates the bending vibration ofH

respectively. molecules.

EZ IR/Raman Spectrum — ] >

Quit | [Save |Excel | DisplF| < >[1 Jlewel[ < >[05 01897 ey [0sE02 [1218¢ |Raman |

Vector| [copy | Scal (1000« [edit | Width | < >[20 | x—mme—max 5000 | []¥-Rev. IR [ Rev

154 0,056 2.063 -~ ?(Uv:m) EPD IDIDB IEIDB QDIDI] 25IDD Sﬂlﬂﬂ SEIDD -mlﬂﬂ 4EIDD EDID[

-
=
2

—mres
=
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molecules.

In the case of vibratory agitation of the agueousOM solution, Mg atom would bond to the
surface of high density water cage cluster as Mgfleaule. Infrared absorption and Raman
scattering spectra of pentadecamer high densitemnedge cluster without or with MgO
molecule on the surface of it calculated by MOPAM@ uantum ESPRESSO are shown as
follows.
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b) Collision of High Density Water Cage Clustenast the Surface of Vibration Blade
It would be considered that the high density wai@ge cluster formed by the collapse of
spherical bubble staying on the Pd plating surt#foabration blade collide against it at high
speed.
When the high density water cage cluster collidairegi the surface of vibration blade in a
vacuum, some of H atoms and O atoms which comgeshkigh density water cage cluster or
the metal atom which bonds to it would be diffus®d or scattered from the surface of
vibration blade due to the forces acting on thenditterent directions. However, when it
collide against the surface of vibration bladeha aqueous electrolyte solutions, H atoms and
O atoms which compose it or metal atom which bdods would collide against the surface
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of the vibration blade almost perpendicularly doethe forces cancelled out each other to
different directions by surrounding water moleculdsch flow into the collapsing bubble.
Since a jet stream of water through the collapsmigble is recognized to flow at high speed
of the order of 100 m/s, the high density waterecatyster would be simulated to collide
perpendicularly on the Pd plating vibration bladeabout the same speed in the imaging
model shown as follows. In the same computer siimiamethods, when the speed of
collision is changed, the other experiments suchessry water electrolysis, deuterium gas
permeation, and so on would be similarly simulated.

Winmostar 82 PA37HI001S MASS=4,207.81 X=0.0000 ¥=0.0000 Z=( Winmostar 81 MgPd37H28015 MASS=4,230.10 X=0.0000 Y=0.0000
13-7-82 | eng=?.460 Ang=62 638 Dihed=-32.634 |aer=1.132 Pd 1- d

14-81-1 Leng=3.598 Ang=78.937 Dihed=0.000 Lper=0.000 P
e

Fig. 10-a: (H20) — Pds; Fig. 10-b: (H2Q)}+MgO — Pds;
The red, yellow, blue and green represent the ®d-and Mg atoms,

respectively.

4. Summary

While in the last study calculations have beeniedrout by the computer simulation program
MOPAC of semi-empirical molecular orbital methodjdang to it in the present study
calculations were carried out by another computaulgtion program Quantum ESPRESSO
of the first principle molecular dynamics. Almodt af the simulation results of MOPAC
were confirmed by Quantum ESPRESSO. In those coabte cases, SCF calculations in
Quantum ESPRESSO were converged with the optimatechic coordinates calculated by
MOPAC, and infrared absorption and Raman scattesagtra were calculated.

The bonding energy per water molecule of water chggters ranging from about decamer to
icosamer, which encapsulated kbn, H- molecule and H atoms, became near to that of
icosamer water cage cluster of reqular dodecahedtuooh had been observed in the gas
phase. From this point it can be interpreted thatwater cage clusters which encapsuldte H
ion, H2 molecule and H atoms, the model of OHMASA-GAS, Wdatably exist in gas phase.
The amount of generation elements under vibrat@iyation of the agueous magnesium
chloride (MgCp}) solution seems to be much larger than that ofother agueous electrolyte
solutions. Especially, P is considered to be sigaitly much generated even if some amount
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of it is contaminated as much as whole amount efatmer generation element Cu or Ag is
contaminated. As for the generation of elementflismns of the high density water cage
clusters, which are supposed to be made of pressuwater cage clusters in the collapsing
bubbles, against the surface of palladium platifigration blade would be investigated
comparing to the other experiments of heavy walect®lysis, deuterium gas permeation,
and so on.
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Appendix-1 Properties and Phenomena

Properties of OHMASA-GAS and neutral agueous ebdgie, and phenomena related to the
generation of OHMASA-GAS are as follows:

a) Properties of OHMASA-GAS

- OHMASA-GAS is obtained through electrolyzing ofteaadded like potassium hydroxide
(KOH) under vibratory agitation by vibration bladegh a frequency of about 40Hz.

-+ This gas is made of mixing the gas including hgéero (H) from cathodes and oxygen (O)
from anodes as bubbles of sizes ranging from albowb 700 nm without separators,
respectively, and can be stored at high pressure.

- This gas is stored in stainless bottles withoulrbgen embrittlement.

- This gas is liguefied at a temperature of -178.76%/gen: -183°C, hydrogen: -252.6°C),
but it is not solidified at a temperature of -255Wygen: -218.4°C, hydrogen: -259°C) even
at a pressure of 25 MPa.

- This gas does not showldeak of a wavenumber of about 4200 /cm in Ramatamm,
while it shows Q peak of a wavenumber of about 1600 /cm.

- This gas is composed of the multimer water clsstdrnumber ranging from about 10
(decamer) to 20 (icosamer), the mode of which auad 14 or 15 and the maximum is 27
according to the analyzation by a liquid-ionizattandem mass spectrometry.

- This gas burns in the same way as H gas, butsiafisty, for example, without explosion
inhaling the flame.

- Titanium (Ti), tantalum (Ta), tungsten (W) metalgtassy carbon (C) melts and vaporizes
instantly at a temperature of about 3000°C or evieen it comes into contact with the flame
of burning this gas of a temperature of 600-700RCminum (Al) metal of high thermal
conductivity only melts down.

- Carbon dioxide (Cg) forms new combustible compounds by mixing witis tas.

- Hydrocarbon such as LNG (liquefied natural gasjnigamethane Chk) and propane
(CsHs) improves combustion efficiency by mixing withghaas.

- An early voltage of fuel cell with this gas is aib®% higher than that with only H gas,
however it descend at a temperature higher tha@.60°

- When H gas is added to this gas, the liquefadkomperature becomes higher than that of
H gas, and then H can be stored safely. Althoudsh Ithadded gas raises the total heat
guantity, it needs to supply oxygen or air for gegfect combustion of it, and Ti, Ta, W metal
or glassy C cannot melt and vaporize with burnihgt,cand the voltage of fuel cell with it
becomes that with H gas.

b) Properties of Neutral Aqueous Electrolyte
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- Neutral aqueous electrolyte is obtained througdtteblysis of water added very small
amount of salt (NaCl) under vibratory agitation\blgration blades with a frequency of about
40 Hz.
- This electrolyte has the mild and continuous kt@rg properties.
c) Phenomena of Generation of Various Elementsvitheatory Agitation

- Light elements like magnesium (Mg) and heavy el@sdike zinc (Zn) are generated
under vibratory agitation of pure water by palladi§Pd) plating vibration blades with a
frequency of about 160 Hz.
- Slightly heavy elements like phosphorus (P) areegsted under vibratory agitation of
agueous magnesium chloride (MgCdolution by vibration blades with a frequencyatiout
160 Hz.
- Heavy elements such as nickel (Ni), copper (Givers(Ag), platinum (Pt) and gold (Au)
are generated under vibratory agitation of agueblsride solution such as calcium chloride
or cesium chloride (Cagbr CsCI) by vibration blades with a frequency bbat 160 Hz. In
regard to radioactive cesium (Cs), there is a pdigithat the radioactively contaminated
water, which is leaked from Fukushima Daiichi Nacl®ower Plant, is treated to reduce the
radioactivity.
- Some elements which have been analyzed by ICRigtiveély Coupled Plasma) atomic
emission spectrometer are shown in Appendix-5.
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Appendix-2 Supposition of Generation Processes
OHMASA-GAS and the neutral agueous electrolyte Wdié generated by stable cavitation,
that is, the spherical bubbles with the nuclei roBl water cage clusters which encapsulate
hydrogen (H) atoms or bond oxygen (O) atoms or raido(Cl) atoms produced by the
electrolysis, respectively. The generation of vasielements under vibratory agitation related
to the generation of OHMASA-GAS would be causedtiaysient cavitation, that is, when
the spherical bubbles with nuclei of small wategec&lusters which stay on the surface of
vibration blade collapse, the small water cagetetus pressed by water molecules which
flow into the collapsing bubble to form the highndagy water cluster and collide on the
surface of vibration blade.
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Therefore, the following unified processes arepased:

a) Generation of OHMASA-GAS
- Water sheet clusters are formed on the pressusmpei@ces of vibration blades under
vibratory agitation of the agueous electrolyte sohs like potassium hydroxide (KOH) with
a frequency of about 40 Hz.
- When the vibration blade moves in the oppositedtion, large water tube clusters are
made of the water sheet clusters which are paeélea off by water stream under vibration
agitation.
- When the large water tube clusters separate fnendépressurized surfaces of the vibration
blades, they are divided into small decamer, pe&datier or icosamer base water cage
clusters of sizes ranging from about 0.5 to 1.0 nm.

Spherical bubbles with the nuclei of those watagec clusters are formed near the
depressurized surfaces of the vibration blades.
- The similar phenomena occur on another surfacthefvibration blade in the opposite
vibration phase.
- The spherical bubbles flow to electrodes of etdgsis and finally some of them diffuse to
disappear.
- Through electrolysis of the agueous electrolyttutsan, H atoms are produced from
cathodes and O atoms are produced from anodes.
- The H and O atoms enter into the spherical bubligsnuclei of water cage clusters when
the spherical bubbles touch on cathodes or anoegsectively.
- The H atoms are encapsulated in the water cagéeclaf the nucleus of spherical bubble,
and O atom combines with28 molecule of the water cage cluster of nucleughefother
spherical bubble to form hydrogen peroxide@t).
b) Generation of Neutral Aqueous Electrolyte
- Spherical bubbles with nuclei of water cage chssi@e formed near the depressurized
surfaces of the vibration blades under vibratoritation of very thin agueous salt (NaCl)
solution replaced to the aqueous electrolyte smistiike potassium hydroxide (KOH) in the
case of above-mentioned “a) Generation of OHMASASGAvith a frequency of about 40
Hz, and flow to electrodes of electrolysis and lfynaome of them diffuse to disappear.
- Through electrolysis of the agueous salt (NaClutsmn Cl atoms are produced from
anodes, which enter into the spherical bubbles witblei of water cage clusters when the
spherical bubbles touch on the anodes.
- The Cl atom combines with OH radical of the wat@ne cluster of nucleus of the spherical
bubble to form hypochlorous acid (HCIO).
c) Generation of Elements under Vibratory Agitation
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- Water sheet clusters are formed on the pressusaddces of normal or palladium plating
vibration blades under vibratory agitation of thare water or the agueous electrolyte
solutions like magnesium chloride (Mgith a frequency of about 160 Hz.
- When the vibration blade moves in the oppositedtion, large water tube clusters are
made of the water sheet clusters which are paeétaal off by water stream under vibration
agitation, some of which bond metal atoms like nesgum (Mq) .
- When the large water tube clusters separate fnendépressurized surfaces of the vibration
blades, they are divided into small decamer, pe&datier or icosamer base water cage
clusters of sizes ranging from about 0.5 to 1.0 Metal atoms like Mg bond to some of these
water cage clusters.

Spherical bubbles with the nuclei of those watagec clusters are formed near the
depressurized surfaces of the vibration blades.
- When the vibration blade moves in the oppositeafion again, some spherical bubbles
collapse near the pressurized surface of the wilorélade. The impacts of collapsing bubbles
propagate to the other spherical bubbles stayinthersurface of the vibration blades and
cause them to violently collapse.
- The water cage cluster of the nucleus of collapsioherical bubble on the surface of the
vibration blades is pressed by water molecules lwfi@v into the collapsing bubble to form
the high density water cage cluster.
- The high density water cage cluster, some of whiclude metal atoms like Mg, is pushed
by water molecules which flow into the collapsimzherical bubble to collide on the surface
of vibration blade.
- The high density water cage cluster colliding be surface of Pd plating vibration blade
causes the reaction of generation of elements an ibrin some cases metal atoms like Mg
would relate to this reaction.

The similar phenomena occur on another surfaceilmfation blade in the opposite
vibration phase.
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Appendix-3 Classification of Water Clusters
Water clusters were classified by composing shdmzass section or surface pattern before
the structural optimization by MOPAC.
a) Water Tube Clusters
Several joined cross sections of pentamer and hexasompose the decamer to over
tricontamer water tube clusters, while a few joigenlss sections of trimer and tetramer could
compose them.
* (H20)20[5x4] - (H20)40[5x8] / (H20)246x4] - (H20)26/6x6]
b) Water Cage Clusters
A few joined cross sections of trimer, tetramer tparer and hexamer were treated as the
water cage clusters.
* (H20)e[3%2], (H20)9[3x3] / (H20)g[4x2], (H20)12[4x3]
* (H20)10[5x2], (H20)15[5%3] / (H20)12[6x2], (H20)16[6X3]
Four surface trimers compose the plane like tetravhéetrahedron and eight surface trimers
compose the hexamer of octahedron, and six sutitcamers compose the octamer of
hexahedron of water cage cluster, respectively. Mevesurface pentamers compose the
icosamer water cage cluster of reqgular dodecahedvbith can encapsulate one morgoH
molecule.
* (H20)4[3*4], (H20)6[3*8], (H20)g[4*6], (H20)20[5*12], H:O@(H:0)20[5*12]
Three boat-shaped surface hexamers compose theesct@and several chair-shaped surface
hexamers compose over the icosamer water cagersust
* (H,0)g[6b*3] / (H20)1d6¢*4] - (H20),26¢*10]

Number of Cross Sections and Number of Multimer

of Water Cage Clusters and Water Tube Clusters
Water

Cage Water Tube Cluster
Cluster
CrossSf 5, 3]a|s5]|e|7|s8]9]10]11
Shape
Trimer 6 9

Plane Tetramer | 8 12

Plane Pentamer | 10| 15| 20| 25| 30| 35| 40| 45| 15 |[(50)

Boat—shaped
Hexamer

12| 18| 24 | 30| 36 [(42)|(48)

) Difficult to Calculate by Quantum ESPRESSO
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Number of Faces and Number of Multimer of Water Cage Clusters

Faces| 5 | s |a|ls|e| 7] 8| 9|10]11 12 |- | 22| ---| 22]|--- | 32 ]---

Shape _

Trimer 4 6 l
Plane Tetramer 8 //,,. 12
Plane Pentamer 20-21 35 35 (50)
Boat—shaped !

8

Hexamer i
Chair~shaped 10 14| |18 22 (26)

Hexamer <

(G Difficult to Calculate by Quantum ESPRESSO

Appendix-4 Examples of Structures of Water Clusters
Examples of the optimized structures of water elisstalculated by MOPAC are as follows.

= Water Tube Cluster

|H =8 X D

(H20)20[5x41 (H20)35[5x7] (H20)B44] (H20)36[6x6]

- Water Cage Cluster

je 24 57,6 A |

(H20)6[3x2] (H20)9[3x3]

(H20)10[5x2] (H20)15[5x3] (H22[6x2] (H20)18[6x3]
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| 1 11
(H20)8[6b*3] (H20)10[6¢*4] (H20085*12] H20@ (H20)21[5*12]
Appendix-5

Elements generated under vibratory agitation byagaim (Pd) plating vibration blades,
which are analyzed by an ICP atomic emission spewter at Saitama Industrial Technology
Center, are as follows.

Magnesium Chloride (MgCl2) Electrolyte

Additive Mg 12| Al 13| P 15 | Ni 28 |Cu 29|Zn 30|Ag 47| W 74 [Pt 78 |Au 79
[mg/I]){mg/1]|lmg/1]|[mg/1]|[mg/1]|[mg/1]|[mg/I]|[mg/I]|[mg/I]|[mg/1]

Tritiated |before processing 3900 <0.1[<0.1 <041 <041 <041
Water |after 6 hour processing [ 2200f 17 [ 1900 150 130 0.23

Cupper Chloride (CuCl) Electrolyte

Cu |AI13| P 15[Ni 28[Cu 29(Zn 30|Ag 47| Ga Co Au

Additive [mg/1|mg/1]|lmg/1]|[mg/1]|[mg/I1|[mg/1]|[mg/1]| [mg/I]| [mg/1]|[mg/1]
Heavy |before processing 3100 0.3 — 1<£0.1]<01(<01]<0.1]<01
Water |after 6 hour processing | 2800 2.5 — [<01] 22 |<01]<01] 25

Tritiated |before processing 3100 0.3 — [1<£01]<01]<01]<01]|<01
Water |after 6 hour processing | 2500 7.8 — 03 | 170 [<0.1[<0.1| 20

Cesium Chloride (CsCl) Electrolyte

Cs [AI13[P 15| Ni Cu | Zn | Ag W Pt | Au

Additive [mg/l[mg/1]{[mg/ ]| [mg/I]|[mg/1]|[mg/1]{[mg/I]| Img/1]{[mg/1]|[mg/I]
Heavy |before processing 6400 <01]<£01]<£01(<£01]K01[<K01([K0.1
Water [after 6 hour processing [ 5450 0.9 0.7 | <01 ] 11 0.3 0.9 20

Tritiated |before processing 6400 <01]<£01]<£01(<£01]<L01[<K01([K0.1
Water [after 6 hour processing | 5450 20 22 | 01| 27 | 20 25 70
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