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ABSTRACT
We have developed a novel electrolytic cell pressurized by D2 in which deuterium loading

ratio in a palladium cathode can be determined in-situ during the calorimetric measurements of
excess heat. A gas diffusion type fuel cell anode is partially immersed in the electrolyte solution
to act as a counter electrode, at which electrochemical oxidation of deuterium gas molecules to
deuterium ions takes place instead of electrolytic decomposition of water molecules to generate
oxygen gas.

Factors controlling the loading ratio such as electrolyte composition, hydrogen overvoltage
at the palladium cathode, current density and isotope effect have been examined.

Dependence of the excess heat generation at the palladium cathode on the loading ratio as
well as on the current density shows that the critical loading ratio and the current density to
generate excess heat are ca. 0.83 and 100mA/cm2, respectively.

The maximum D/Pd of 0.89 has been achieved in the present study, at which excess heat
generation of ca. 35% with respect to the input electrolytic power has been observed.

INTRODUCTION
The difficulty in replicating the Pons/Fleischmann type electrolytic excess heat generation

[1],[2] during electrolysis of heavy water has caused strong criticism on their experiments, and
the reality of the so-called cold fusion has been questioned. However, to date very few studies
have been reported on the fundamental factors controlling the deuterium loading ratio in the
palladium cathode which has been believed to be the key factor to control the excess heat
generation. The NCFI final report [3] contains some data on the loading ratio under various
conditions but they are too preliminary to suggest important factors controlling the loading ratio.
Will et al. [4] reported loading ratio higher than 0.85 as key factor for tritium production, while
McKubre et al. [5],[6] reported the critical loading ratio around 0.9 to give rise to the excess heat
generation. The loading ratio was determined by conducting the electrolysis in a closed cell
utilizing a fuel cell anode by Will et al. and by monitoring the electrical resistance by McKubre
et al.

Electrolysis in a closed cell utilizing a fuel cell anode offers a direct method to determine the
loading ratio by monitoring the deuterium pressure during electrolysis while measurement of the





of D2 gas in the electrolyte solution as well as in PTFE materials in the vessel due to the
temperature as well as pressure change in the vessel. These corrections are usually small, 1 - 2%,
but the loading ratio reported in the present study have been corrected for them.

There is another advantage of using a fuel cell anode; because no electrolytic decomposition
of D2O takes place, less input power is required for electrolysis and further more, the input
power, Winput, is given simply by a product of electrolysis current I and cell voltage Ecell as,

Winput = I × Ecell (7)

Performance of the cell shown in Fig. 1 was excellent for determination of the loading ratio
at low current densities. It turned out, however, that the cell has a serious problem when operated
at high current densities. Substantial amount of solvent is lost from the electrolyte container
when electrolysis is conducted at high current densities for a long period. The solvent tends to
condense at the bottom of the pressure vessel and the electrolysis was no longer possible in that
case.

Figure 1. Electrolysis cell using a fuel cell anode.


