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Abstract

The field of condensed matter nuclear science originated in 1989 with Fleischmann and Pons’ electrolysis of Pd with heavy water.
However, anomalous heat generation and other related phenomena were observed not only by electrochemical methods, but also by
loading of deuterium or hydrogen in metals such as Pd and Ni. In this paper, we will first give a short overview of the progress in
these gas loading type experiments. After that, we will describe the recentprogress of our research team. The authors have been
studying energy generation using nano-sized multilayer metal compositeswith hydrogen gas. Two nano-sized metal multilayer
composite samples, which were composed of Ni, Cu, and other thin films onbulk Ni (25 mm× 25 mm× 0.1 mm), were used.
These samples were fabricated by the Ar ion beam method, or by the magnetron sputtering method. Heat bursts and excess
energy generation were observed during the experiments under vacuum conditions (<10−4 Pa) using nano-sized metal multilayer
composites on Ni substrate and hydrogen gas. Released energy normalized to the total amount of absorbed hydrogen reached
16 keV/H or 1.5 GJ/H-mol. Sometimes spontaneous heat bursts were observed. This suggests that the burst heat release reactions
occurred in the near surface region of the nano-sized multilayer metal composite. Furthermore, we have succeeded in intentionally
inducing heat bursts, based on the observations of the spontaneous heat bursts. By measuring the optical spectrum emitted from the
sample, we detected a simultaneous increase in mid infrared radiation flux when a heat burst occurred.
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1. Introduction

The field of condensed matter nuclear science originated in 1989 with Fleischmann and Pons’ electrolysis of Pd with
heavy water [1]. However, some researchers started to do different experiments, especially gas loading experiments.
Figure 1 shows an overview of the gas loading experiments. De Ninno, Scaramuzzi of ENEA tried to detect neutrons
or protons from deuterated Ti [2]. According to the book “Cold Fusion; Advances in Condensed Matter Nuclear
Science”, Fralick of NASA first did excess heat experiments using Deuterium gas and Pd [3]. Li and Biberian also
observed excess heat using Pd and deuterium gas [3]–[4]. Piantelli and Forcadi first did experiments using Ni and
Hydrogen [5]. Francesco Celani has been making excess heat experiments with his original method of high voltage
pulses to Pd and constantan wires [6]. Brillouin is attempting to commercialize a pulsing method called Q-pulse using
Ni and light hydrogen [7].

These studies do not specifically consider the nanoscale. However, the following studies were based on nanoscale
materials in addition to gas loading. Arata firstly demonstrated long-term excess heat data using Pd black and Deu-
terium [8]. Iwamura firstly showed transmutation reactions using deuterium gas with Pd nano-film [9]. Based on these
studies, Mizuno, Takahashi, Kitamura, Iwamura and their colleagues made further progress. A Collaborative Research
Project between six Japanese organizations funded by NEDO (New Energy and Industrial Technology Development
Organization) on anomalous heat effects was done from Oct. 2015 to Oct. 2017 using Ni, Pd, Cu, Zr nanoparti-
cles. Anomalous heat generation, which is too much to be explained by any known chemical process, was observed.
Qualitative reproducibility was confirmed between Kobe University and Tohoku University [10]–[11]. The authors
replicated the experiments using nano Pd/Ni fabricated by glow discharge with D2 gas developed by Mizuno [12].
In these experiments, nano-sized particles and diffusion of hydrogen and deuterium were one of the key factors to
produce the heat effects.

Figure 1. Overview of gas loading experiments and gas loading with nano-sized metal experiments in this field.
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Figure 2. Arata experiment done with gas loading and Pd black particles [8].

Figure 2 shows the first experiment done with gas loading and Pd black particles. In this experiment, as shown
in Fig. 2(a), Pd-black particles are packed in a Pd vessel and electrolysis is carried out in heavy water, which results
in deuterium gas loading into Pd-black. In this process, heat generation is observed for long durations, as shown in
Figure 2(b). This heat generation was evaluated by performing the same experiment with light water electrolysis at the
same time, using the light water experiment as a control experiment.

Collaborative research between Technova Inc., Nissan Motor Co. Ltd., Kobe Univ., Kyushu Univ., Nagoya Univ.
and Tohoku Univ. was done from Oct. 2015 to Oct. 2017 funded by NEDO (New Energy Development Organization)
in Japan. An example of a NEDO experiment with gas loading and metal nanocomposites is shown in Fig. 3. Heat
generation experiments using nano-sized metal composite supported by zirconia or by silica with H2 or D2 gas were
done. Anomalous excess heat generation were observed for all the samples at elevated temperature (150◦C-350◦C),
except for the Pd nanoparticles embedded in mesoporous SiO2. The amount of anomalous heat generation per hydro-
gen atom ranged from 10 eV/H or D to 100 eV/H or D, which could not be explained by any known chemical process
[10]. Excess heat experiments using the same material at Kobe and Tohoku Universities showed similar experimental
results. Coincident burst-like increase events of the pressure of reaction chamber and gas temperature, which suggested
sudden energy releases in the reaction chamber, were observed under specific conditions [11].

Next, we describe the recent results of our research team. Initially, one of us (Iwamura) observed transmuta-
tion reactions induced by deuterium gas permeation through nanosized Pd multilayers doped with Cs and other ele-
ments [9]. In this study, for example, we observed the transmutation of Cs into Pr, which has been reproduced by
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Figure 3. NEDO experiment with gas loading and Metal Nanocomposites [8].

other independent research institutes. This study shows that the diffusion of deuterium and nano-sized multilayers are
key factors in inducing the transmutation reaction [9], [12]–[13]. In addition, from the results of the NEDO project
mentioned in Fig. 3, we learned that the anomalous phenomena occur not only with deuterium but also with light
hydrogen, and that the nano-sized composite particle is one of the key factors to inducing the anomalous phenomena
[10]–[11]. By combining the two methods, we have developed a new type of experimental procedure to induce an
exothermic reaction by loading light hydrogen in a nickel-based composite material with nano-sized multilayers, and
then diffusing the light hydrogen through the nano-multilayers by rapid heating. This new experimental method gave
us larger excess energy per H atom [15]–[18].

Recently the author has decided to name the heat generation phenomenon in the system of nano-sized composite
metallic materials and hydrogen as QHE (Quantum Hydrogen Energy). The reason for this is that condensed matter
nuclear reactions are associated with a complicated and dangerous image that is difficult for the general public to
accept.

QHE can be defined as “An exothermic reaction induced by quantum phenomena during the diffusion process in a
nanoscale metal composite material with hydrogen”. The characteristics of QHE are as follows: 1) No CO2 emission
and more than 1000 times higher output energy than the combustion reaction of the same amount of hydrogen; 2) QHE
does not emit harmful levels of radiation to the human body and has the potential to become a compact, high-power,
CO2-free energy source; 3) QHE could be used as an energy source for the production of electricity and heat.

Figure 6 summarizes the progress from the time of the discovery to the present. The most significant differences
between Cold Fusion and QHE are in materials and operating temperatures. In the early stage, expensive materials
such as Pd and deuterium were mainly used. However, now we are using nickel and ordinary hydrogen, which is
more cost effective. In the beginning, the electrochemical method was mainly used. Electrochemistry is an excellent
method for packing deuterium into Pd metal at high density. However, from the perspective of using the excess heat
generated for practical purposes, a temperature increase of a few degrees in room temperature heavy water does not
have much practical impact, although it was an epoch-making event from a scientific point of view. QHE enables us
to obtain heat in the temperature range of several hundred degrees, which makes it possible to use high-temperature
gas to turn turbines, which will have an impact on industrialization. Recently, there has been an increasingly strong
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Figure 4. Background and motivation of the present experimental method.

Figure 5. Quantum Hydrogen Energy (QHE).

demand around the world for energy sources that do not emit CO2 to prevent global warming. QHE using nano-metal
and hydrogen could be just the right technology to meet this global social demand.

2. Experimental

A schematic of our experimental apparatus is shown in Fig. 7(a). It is basically the same as in Ref. [17], with
improvements in some points [15]–[16]. Two nano-sized metal multilayer composite samples, which were composed
of Ni, Cu, CaO thin films on bulk Ni (25 mm× 25 mm× 0.1 mm), placed in the center of the chamber. H2 gas and its
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Figure 6. Progress from the time of discovery (1989) to the present.

pressure were monitored by a Pirani gauge. The chamber was evacuated by a turbo molecular pump. The multilayer
samples were heated up by a ceramic heater (MS-1000R; Sakaguchi E. H Voc Corp.) in which a thermocouple (TC;
Pt-PtRh13%) was embedded.

In the papers [15]–[16], the surface temperature of a sample was measured by an infrared radiation thermometer
(IR-CAQ3CS; Chino Corp.). Now, we are able to measure surface temperatures for the two nano-sized metal multilayer
composite samples by introducing two thermometer detectors. They were made of InGaAs and dual wavelength mode,
1.55µm and 1.35µm, were usually used. During the surface temperature measurement, it was possible to measure
the emissivity of the sample surface by switching between single wavelength mode and dual wavelength mode. Heater
input power was supplied by a DC power source in constant voltage mode. The input voltage and current were
measured both by voltage and current monitors provided by the power supply and an independent voltmeter and
amperemeter, respectively. Input power is calibrated using the voltmeter and the amperemeter readings. Gamma-
rays and neutrons were monitored by a NaI (Tl) scintillation counter (TCS-1172; Hitachi, Ltd.) and He-3 counter
(TPS-1451; Hitachi Ltd.) during all experiments for safety reasons.

A detailed drawing of the Ni based nano-sized metal multilayer composite is shown in Fig. 7(b). It was composed
of a Ni Plate (25 mm square and 0.1 mm thick) and Cu-Ni multilayer thin film (20 mm diameter circle and about
100 nm thick). These samples were fabricated by the Ar ion beam method, or the magnetron sputtering method.
Two nano-sized metal multilayer composite samples were heated by the ceramic heater (25 mm square and 2.2 mm
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Figure 7. Experimental set-up; (a) Schematic of experimental apparatus, (b) Detail drawing around nano-sized multilayer metal composite.

thick) through SiO2 plates (0.3 mm thick). If certain energy generation reactions occur on the surface of the samples,
the temperature of the embedded thermocouple will rise. Simultaneously, infrared emission detected by the radiation
thermometer, which corresponds to the surface temperature of the sample, would increase. Photos of the experimental
set-ups and STEM image of Cu-Ni multilayer thin film are shown in Fig. 8.

The experimental procedure is as follows. Two nano-sized metal multilayer composites were placed in the chamber
and baked for 2-3 days at heater temperature 900◦C to remove H2O and other hydrocarbons from the surface under
vacuum conditions.

According to general knowledge, Cu and Ni diffuse into each other during the baking process, forming a Cu-Ni
alloy. However, in our multilayer film, Cu and Ni are not simply alloyed, especially when CaO, Y2O3, etc. are added
to Ni. The cause of this phenomenon is still under investigation, but it might be due to the effect of oxygen formed on
the surface during the sputtering process.

After the baking process, H2 gas was introduced into the chamber up to about 200 Pa at 250◦C. To change the
hydrogen loading conditions, the pressure of H2 gas was sometimes increased up to 30 kPa. H2 gas was loaded for
about 16 hours. Then, H2 gas was evacuated by the turbo molecular pump and simultaneously the samples were
heated up by the ceramic heater up to 500∼900◦C. These processes trigger heat generation reactions and anomalous
heat. Typically, after 8 hours, the heater input was turned down and the samples were cooled down to 250◦C. These
processes (H2 loading, heating up and cooling down samples) were repeated several times, with different heating
temperatures or H2 loading pressure.


