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INTRODUCTION

An experimental program was undertaken to explore the central idea proposed by
Fleischmann et al.1 that heat, and possibly nuclear products, could be created in palladium
lattices under electrolytic conditions.

Three types of experiments were performed to determine the factors that control the extent of
D loading in the Pd lattice, and to search for unusual calorimetric and nuclear effects. It is the
purpose of this communication to discuss observations of heat output observed calorimetrically in
excess of known sources of input heat.

The central postulate guiding the experimental program was that anomalous effects
previously unobserved or presently unexplained in the deuterium-palladium system occur at a
very high atomic ratio D/Pd. Emphasis was placed on studying phenomena that provide a
fundamental understanding of the mechanism by which D gains access to the Pd lattice, and how very
high loadings (near, at, or perhaps, beyond unity) can be achieved and maintained.

Measurements of the interfacial impedance and of the Pd cathode voltage with respect to
a thermodynamic reference electrode were made in order to characterize the electrochemical
kinetic and thermodynamic processes that control the absorption of D into Pd.

Measurements of the Pd solid phase resistivity were used to monitor on-line, the degree
of loading atomic ratios, specifically D/Pd, H/Pd and H/D. Calibration of the resistance ratio -
atomic ratio functionality has been made by reference primarily to the works of Baranowski2-4 and
Smith5-6, but also by volumetric observation of the displacement of gas during loading in a closed
system at constant pressure and temperature.
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Figure 1. Small flow calorimeter, detail.



5

Figure 2. Large flow calorimeter, improved design.
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Figure 3. Large bath for calorimetric experiments, top view.



10

Figure 4. Large bath for calorimetric experiments, side view.

Figure 5. Hydraulic flow system for calorimetric experiments
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Parameters Measured

Voltages: Cell at calorimeter boundary
Heater at calorimeter boundary Reference electrode

Currents: Cell
Heater

Temperatures: Bath (RTD)
Inlet (2 RTD)
Outlet (2 RTD+ 2 thermistor) Room ((RTD)
Room (RTD)

Transducers: Cell pressure
Volumetric flow (rotameter)
Gravimetric flow (multiplexed)

Palladium resistance (multiplexed to Tecrad DMO-350)

Figure 6. Electrochemical cell and pressure vessel for electrochemical experiments.
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RESULTS
In the space available it is not possible to present the data for the complete duration of the

experiments reported, or even of all the parameters measured in a single time interval. What is
presented here primarily are results of excess power, being the difference between the output and
known sources of input power, determined from equation [5].

A single episode of excess power is presented each for P12, P14 and P15; these are
intended to exemplify particular features of the apparent excess power production. In these
examples, Pl3 and P16 function as blanks, concurrent with Pl4 and P15, and sequential to P12.

For each of the cells P12 through P16, there were occasions when, for nominally identical
current ramps, similar average D/Pd ratios were obtained but with no manifestation of excess
power within the sensitivity of the calorimeter. For the full duration of the P13 experiment, the
calorimeter was observed in the steady state to be within ± 50 mW of thermal balance.

Figure 7 shows the electrochemical parameters together with the measured axial
resistance ratio and the calculated excess power for P12. Zero time on this plot represents a total
time of charging of 1300 hours. The results presented allow examination of the dynamic
response of the cathode voltage (measured with respect to a Pt pseudo-reference electrode), the
resistance ratio, the excess heat and the cathodic current density.

From 0 to ~280 hours, the calorimeter was operated at a constant input power of 10 W.
During this time the cell current was held constant at 0.1A (~20 mA cm-2) and 2.0A (~400 mA
cm-2) and ramped and stepped between these limits. The reference voltage and the Pd resistance
ratio exhibit a response to the current density. At the initial current density, the resistance ratio
attained a value of ~1.75, decreasing (corresponding to loading) slightly with time as the
reference voltages slowly increased, white the calorimeter maintains a thermal balance. As the
current increased, the reference voltage rose in part due to IR and kinetic effects, but the
resistance ratio fell to ~1.67 at ~100 mA cm-2 indicating that the electrode was absorbing
deuterium.

The increase in current density and absorption of deuterium was accompanied in this case
by an apparent evolution of excess power. The top curves in Figure 7 show raw data taken from
the two independent pairs of temperature sensors converted to excess power using equation [5].
Departures from steady state can be seen at times when the current was abruptly stepped at 60,
80, 90, 110 and 310 hours. Apart from this effect, the excess power responded essentially
monotonically with the current density, above a certain threshold value. At each instance of a step
in the current density, the excess power responded with a time constant indistinguishable from
that of the calorimeter. That is, the phenomenon that gave rise to this effect itself had a time
constant of a few tens of minutes or less.

It should be noted, however, that the resistance ratio did not decrease monotonically with
increasing current density; a maximum in loading apparently being achieved in this experiment
at current densities as low as ~200 mA cm-2. At higher current density the loading appears to
decrease, while the excess power increases.

During the sustained hold at 2A from ~160 to 280 h, the cell voltage slowly increased
due to loss of conductive species from the liquid phase in the cell At ~ 280 h the product Ic * Vc

exceeded 10 W so that the system departed further from its steady state, and the quality of data
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was reduced. At ~303 h the total power was raised to 12 W, and at ~309 h the current was
reduced to 0.1 A. At this point it was clear from the resistance ratio that the electrode had de-
loaded. In subsequent experiments it was found not to be possible to re-load the electrode with
deuterium, or to observe excess heat. Following termination of P12, Pl3 was placed in the
calorimeter using the same hardware, electronics and flow system. This experiment was intended
as a blank, and an attempt was made to achieve nearly identical conditions to those of P12,
excepting only that the electrolyte was prepared from H2O and the cathode was not implanted
with helium. This experiment was operated for a total of 815 h and exercised over the same
range of current densities and loadings as P12, during which time the steady state response of the
calorimeter maintained a thermal balance, and within ± 50 mW no excess power was observed.

Figure 7. Experiment P12; cell current, reference voltage, resistance ratio and excess power.

P13 was operated alone in the calorimeter (as had been P12) for ~290 h at which time a
heavy water replicate of P12 was placed electrically in series, and hydrallically in parallel, in the
calorimeter. The current was ramped through the two cells in series, twice, with no observation
of excess heat in P13 or P14, despite the fact that both cells had apparently achieved loadings
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H/Pd and D/Pd, respectively, of > 0.95. Figure 8 shows the results of the third occasion on
which P13 and P14 were jointly subjected to current ramps. The quality of the calorimetric data
was reduced because the two experiments were held under constant power control only for
periods within the time interval shown. At other times the total power was permitted to change as
the current and cell voltages changed. Total power for P13 varied over the time interval shown
from 8 to 15W; for P14 the range was 8 to 12.5W. Because of the reduced quality of the raw
data, the data shown in Figure 8 represent an approximately 1h average of data for both
independent pairs of temperature sensors. In each case, within the scatter of the data the two
sensor pairs reported identical steady state responses.

Although the observed excess power was small, in absolute, percentage and integral
(energy) terms, there was nevertheless a quantitative difference between the response of the heavy
water cell, P14, and the light water blank, to the current density stimulus. For both electrodes
there was a “high frequency” fluctuation of the excess power with periods of ~0.1 - 1h which
correlated with cell pressure variations, characteristic of partially intermittent operation of the
catalytic recombiner. Eliminating this feature, the excess power observed for P13 was essentially
flat and zero while that for P14 departed significantly from zero at current densities above ~200
mA cm-2, and generally increased with increased current density.

The current was sourced from the same device, and the electrical and calorimetric
parameters were measured with the same devices multiplexed between the two experiments,
making it less likely that the difference in results can be accounted for in terms of an instrumental
artifact.

Experiments P13 and P14 were replaced in the large calorimeter with P15 and P16, both
heavy water cells, nominally identical, and varying only in the electrode final treatment. The
cathode in P15 was subjected to annealing followed by heavy aqua regia rinse, while the P16
cathode was implanted with 3He as described above.

Figure 8. Current density and excess power for experiments Pl3 and P14.
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power for P15 all are sensibly constant. From inspection of equations [1] - [5] it is clear that,
provided that Pu is zero, the outlet temperatures also must be constant.

Figure 13 shows the measured profile of temperature for the two platinum resistance
sensors in the outlet plenum of the P15 calorimeter. Two thermistors also were present in the
outlet flow stream. All four sensors record essentially the same profile of temperatures, and these
were not constant, varying by as much as 0.6°C with a measurement accuracy of ± 0.001°C
(reduced for the thermistors) and sensitivity of 0.0001°C. The thermistors had a better precision
but lower accuracy than the RTD’s.

Figure 10. Resistance ratio for experiments Pl5 and P16.

Figure 11. Temperatures in the inlet plenum for experiment P15.


