
Takahashi, A., et al. Deuterium Gas Charging Experiments with Pd Powders for Excess Heat Evolution (II)
Discussions on Experimental Results and Underlying Physics. in The 9th Meeting of Japan CF-Research Society.
2009. Shizuoka, Japan.

1

Deuterium Gas Charging Experiments with Pd Powders for Excess Heat Evolution

(II) Discussions on Experimental Results and Underlying Physics

A.Takahashi1*, A. Kitamura2, T. Nohmi2, Y. Sasaki2,

Y. Miyoshi2, A. Taniike2, R. Seto1, and Y. Fujita1

1Technova Inc. *akito@sutv.zaq.ne.jp
2(Division of Marine Engineering, Graduate School of Maritime Sciences, Kobe University)

Experimental results obtained for Pd/PdO/ZrO2 nano-composite samples are summarized and the underlying

physics is discussed. Arata-Zhang’s May 2008 excess heat result was replicated quantitatively. Using Pd/PdO/ZrO2

powders (produced by Santoku Co., Kobe Japan), we obtained: 1) D-gas charge in the first phase (zero pressure

interval) gave 20~90% excess heat than H-gas charge. 2) In the second phase of pressure rise, significant excess heat

(about 2 kJ/g-Pd) for D-gas charge was observed, while near zero level excess heat for H-gas charge was observed.

We discuss the underlying surface and nano-particle physics in views of the enhanced surface adsorption potential by

fractal sub-nano-scale trapping points on nano-Pd particle, the diffusion to inner shallower Bloch potential of regular

Pd lattice, and the drastic mesoscopic and isotopic effect of surface and lattice rearrangement of nano-Pd particle by

full D(H)-absorption to make deeper D(H) trapping potentials of surface adsorption (about 2 eV for D) and

intermediate surface state trapping.

1. Introduction

The aim of this research, the experimental apparatus,

experimental procedure and observed results with

deuterium and protium gas charging experiments with

various nano-fabricated Pd powders are described in

our other two papers in this proceedings1). The

Pd/PdO/ZrO2 nano-composite samples (about 10 nm

diameter Pd particles dispersed in about 7 micron size

ZrO2 flakes) produced very interesting performance

with deuterium (D) versus protium (H) absorption and

exothermic energy generation.

We discuss our results with 100 nm Pd particle powders

and Pd-black powder, and compare our results to the

Arata-Zhang work2). Our results with nano-Pd/ZrO2

samples are interesting because specific surface effects

in adsorption and following absorption into inner

“lattice” sites appears to be taking place, resulting in

anomalously large stoichiometry values (x>1) of PdDx

and deep trapping potential (or released energy).

Compared with the 100 nm Pd particle-powders, 10 nm

Pd particles dispersed in ZrO2 are showed drastic

mesoscopic effects with isotopic difference.

2. Trend of Heat-Power Evolution

The evolution of heat and gas-pressure can be evaluated

for two phases: the first phase and the second phase, as

we show in typical data (Fig. 1).
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also anomalously large and isotope (D or H)-dependent.

These are 2.2-2.5 eV/atom-D and 1.3-2.1 eV/atom-H.

Deuterium gives larger E1st values. These released

energy values are 5-10 times of the conventional value

0.25 eV for bulk Pd metal. These values are however

dependent on the gas-flow rate, and they call for further

investigation. As the PZ samples gave drastic

mesoscopic effects, compared to the 100 nm Pd powder,

we need to do further studies by changing the nano-Pd

particle size.

We measured the ratios of [heat/D]/[heat/H] in the first

phases. We obtain ratios as 1.94 to 1.3 for the first and

second PZ runs. The data we deduced from

Arata-Zhang’s first phase is about 1.3. We can say our

data for the first phase quantitatively replicated the

Arata-Zhang result, although Arata-Zhang used 5 nm

diameter Pd nano-particles dispersed in ZrO2 flakes and

ours was 10 nm.

4. Excess Heat for the Second Phase

As summarized in Table 1, we observed positive excess

heat in the second phase of the D-PZ series runs for

virgin (first run) samples. We tested three pairs of

samples with simultaneous runs with D-gas in cell A1

(with the D-PZ5 in cell A2) and H-gas in A2 (with

H-PZ6 in cell A1). For the D-PZ5 run, the D-gas

cylinder was exhausted in the second phase and the gas

pressure decreased (because of a leak), so that excess

heat phenomenon was not observed. For the earlier two

PZ runs, we observed clear excess heat only for D-gas

charging, 2.27 and 2.07 kJ/g-Pd in the time interval of

1600 minutes.

Arata-Zhang gave 29.2 kJ with 24.4 g Pd/ZrO2 sample.

Assuming their sample contained 7.7 g net Pd weight,

we get 2.8 kJ/g-Pd for a 3000-minute time interval with

higher D-gas pressure (10 MPa maximum), after

correcting specific H-absorption energy E1st value

(about 1 eV/atom-H as we observed). We can say that

our results for second phase heat was comparable to (or

may have exceeded) Arata-Zhang’s data, given that

their data was for a duration about two times longer,

with higher gas pressure.

In Fig. 5, we show the rather steady excess heat

evolution for used Pd/PdO/ZrO2 samples (D-PZ3#2 and

H-PZ4#2 runs).

We obtained total excess heat of 3.3 kJ/g-Pd for 9000

minutes of D-gas charging and later evacuation.

Before the end of run, we observed significant excess

heat evolution after the evacuation of the A1 (D-gas)

cell. The expanded data is shown in Fig.6.

We speculate that the so called “heat after death event”

was observed in the gas-loading experiment. The

degassing data after evacuation and baking clearly

shows very interesting performance of the

Santoku-sample: it retained 100 times more D-atoms

after evacuation compared to the Pd-black. (See Fig. 4).
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Fig. 4: De-gassing data for Santoku-sample compared with

that for Pd-black; Santoku-sample retains 100 times

D(H)-atoms by its very deep trapping potentials of the

mesoscopic effect of dispersed Pd-nano particles

The heat after death event may take place by trapped




