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Abstract
A recent joint work [1] identified the crucial role of material science in improving
control of the Pd-D system to enhance the production of excess power during
electrochemical loading of palladium foils with deuterium. Very high
reproducibility, close to 100%, in loading Pd up to D/Pd ~1 (atomic fraction) was
achieved. High loading about the threshold value of 0.9 is considered necessary to
achieve the effect. This work demonstrated it is necessary but not sufficient. As a
consequence, the focus of our research moved to the material properties of
cathodes, especially surface characteristics, and an effort to correlate these
properties with cathode performance during electrolysis. This paper describes the
material properties examined that appear to produce excess heat.

Introduction
Recent evidence indicates that the Pd material plays a fundamental role in the occurrence of

excess heat production during electrochemical loading of palladium cathodes with deuterium.
This evidence has created a mounting interest in aspects of research related to material science.

A broad effort was carried out in the past to identify the mechanisms controlling hydrogen
isotope dissolution into the palladium lattice during the loading process. The study helped define
a proper metallurgical treatment to obtain the most suitable metallurgy to facilitate hydrogen
absorption into the palladium cathode [2]. This work generated almost 100% reproducibility in
achieving a deuterium concentration larger than 0.9 (atomic fraction) that is considered to be the
threshold value for observing the effect.

This experimental work also demonstrated that the concentration threshold is a necessary
condition for excess heat production, but not necessarily a sufficient one. Such evidence led to a
systematic effort to improve knowledge about the status of the material that is required to have
the effect.

Let us start from the most significant experimental evidence obtained from a statistical
analysis of the data. Three different behaviors were observed with Pd cathodes loaded above the
threshold D/Pd = 0.9:

(1) High power gain during the excess.
(2) Low power gain during the excess.
(3) No excess.
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McKubre identified two types of excess power production:

Type A: excess power begins after several days of electrolysis and, in general,
depends on the current density.

Type B: excess begins very soon and does not always depend on the current
density.

The research described in this work is largely oriented to studying the main differences in
materials that produce these two different types of excess power.

Lot-1 and Lot-2
Two different lots of palladium, obtained from the same producer, exhibited remarkably

different behavior during the experiments, even though both lots underwent the same
metallurgical procedures.

Figure 1. Experiment L17, evolution of input and
output power: excess 500%

Figure 2. Evolution of input and output power in
experiment L39

These two materials served as references in the investigation to identify material that produces
the Fleishmann-Pons (FP) effect. The two lots are designated Lot-1 and Lot-2. Lot-1 gave Type
B excess power with, in some cases, power gains well above 100%. Figure 1 shows the evolution
of the input and output power in experiment L17, performed with a sample from Lot-1. During
the main burst that continued long enough to allow the calorimeter to reach a fairly steady state
condition, the power gain was up to 500%. The reduction of the input power during the burst
occurred because the excess power increased the electrolyte temperature, causing a reduction of
impedance of the electrolyte, so that the galvanostat reduced the voltage to maintain the current
at the set point value. This lot successful produced excess heat in 75% of tests at SRI and up to
60% at ENEA.

Different behavior was produced by samples from Lot-2. As mentioned above, this lot was
obtained from the same producer and had identical characteristics and purity (both 99.95%). Lot-
2 gave Type A behavior with excess power of less than 20%. Loading up to the threshold level
required higher current compared to samples from Lot-1, and the reproducibility of excess power
production was lower (less than 20%). Figure 2 shows evolution of the input and output power in
the experiment L39, performed with Lot-2 material.


