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Abstract
New experiments in sensitive calorimeters displayed the characteristics of the excess power
effect during seven different occasions. These measurements clearly show the anomalous
increase in the cell temperature despite the steadily decreasing electrical input power during
Pd/D2O+LiOD/Pt electrolysis. This strange behavior can be modeled by the use of an anomalous
excess power term in the calorimetric equations. Two thermistors used in each calorimetric cell
always show nearly identical temperature changes, thus errors due to temperature gradients
within the cell are unlikely. The onset of the excess power apparently develops in a gradual
manner. There were never any large, abrupt increases in the excess power. The addition of D2O
with its sudden cooling of the cell generally dissipated the excess power effect. No clear
triggering events for the excess power could be identified. Possible chemical explanations for the
excess power are discussed. Normal behavior was always observed for a similar experiment
conducted as a control.

Introduction
Ten years have passed since the announcement of the Fleischmann-Pons effect,1,2 hence it is time
to calmly examine the experimental characteristics of the anomalous excess power along with
any possible artifacts or chemical explanations. These discussions of new experiments will
therefore focus solely on basic principles of calorimetry and physical chemistry. The excess
power effect is generally much too small (20-200 mW) to be easily detected or to offer promise
as a new energy source. This study involves sensitive heat-conduction, isoperibolic calorimeters
that are operated at constant current conditions where the complex calorimetric equations can be
greatly simplified. The increase in excess power is then readily apparent by the corresponding
increase in the cell temperature. With the use of this sensitive calorimetry, even small power
changes of 5 mW can be readily detected by corresponding changes in the cell temperature. The
goal of this new study is to characterize the appearance of the excess power effect and to discuss
possible explanations for this phenomena.

Experimental Section
The basic calorimetric design has been described in previous publications.3-5 Heat transfer is
mainly by conduction. The small electrochemical cell consists of a long, narrow test tube (1.8 cm
diameter and 15.0 cm length) that is filled with 18.0 cm3 of 0.1 M LiOD. The electrochemical
cell is placed in a calorimetric jacket within a secondary compartment that contains two
thermistors positioned on opposite sides of the cell wall and at different heights from the bottom
of the cell (1.9 cm and 4.5 cm). Figure 1 shows a schematic of the positioning of the two













unusual decrease in temperature for either Cell A or Cell B from the start to finish of these
experiments. Nevertheless, a very gradual storage of energy would likely be difficult to detect.
Any proposed energy storage mechanism, however, would have to explain why such an effect
operates in Cell A and not in Cell B. It is indeed a challenge to find an acceptable scientific
explanation for the Fleischmann-Pons effect.

The basic characteristics of the excess power effect in Cell A are displayed by Figures 2, 3, 5 and
6. First, there was never any large, abrupt increases in the excess power such as that observed in
Figure 6 by suddenly increasing the cell current. The onset of excess power was always
somewhat gradual. The most rapid increase in the excess power was observed at 660 hours
where there was a step-like increase in temperature of 0.4°C. Due to the time constant of these
calorimetric cells, the thermistor readings can only display power changes averaged over about
15 minutes. The addition of D2O rapidly cooled the cell as seen in Figure 2 and generally seemed
to decrease the excess power effect. Each pattern for the onset of excess power shows different
characteristics. The time period following the last D2O addition to the beginning of the excess
power effect ranges from 5 hours to 37 hours. There are no obvious triggering actions for the
excess power effects in Figures 2, 3, 5 and 6. It could be postulated that the higher cell
temperature produced in Figure 2 by increasing the cell current triggered the excess power effect
and that the cooling effect of D2O additions diminished the excess power. However, other cell
current increases such as in Figure 6 produced no significant increases in the excess power
effect. Positive feedback effects produced by increasing the cell temperature have been
previously reported by Pons and Fleischmann.9 Our experiments typically gave 50-100 mW of
excess power for Cell A and no significant excess power for Cell B. The excess power density of
3-6 W per cm3 of palladium obtained in this study is about the expected value for the applied
current density.2 The simplicity of our calorimeters as well as our calorimetric analysis should
make it relatively easy for other laboratories to observe the excess heat effect that has created a
lingering scientific controversy.13

Summary
The main feature of the Fleischmann-Pons effect is the production of excess power during
Pd/D2O+LiOD electrolysis. These experiments characterize the excess power effect during seven
different occasions by the anomalous increase in the cell temperature despite the steadily
decreasing input power. There were no clear triggering events for the excess power production.
The excess power effect is generally small (50-100 mW) in these experiments, but it is readily
detected by the increase in the cell temperature. The onset of the excess power generally
develops in a chaotic but gradual manner. Two thermistors were used in each cell, and both
always show almost exactly the same temperature changes. Reactions involving the electrolysis
gases are the most likely chemical explanation for the excess power. Measurements of the
faradaic efficiencies, however, do not support this hypothesis. Normal behavior was always
observed for a similar experiment conducted as a control.
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Supporting Information Available: Average voltages measured for Cell A and B during the same
time periods shown in Figures 2, 3, 5 and 6 are presented in Tables 2S, 3S, 5S and 6S. This
material is available free of charge via the Internet at http://pubs.acs.org.

References and Notes
1. Fleischmann, M.; Pons, S.; Hawkins, M. J. Electroanal. Chem., 1989, 261, 301; err. 1989,

263, 187.
2. Fleischmann, M.; Pons, S.; Anderson, M.W.; Li, L.J.; Hawkins, M. J. Electroanal. Chem.

1990, 287, 293.
3. Miles, M.H.; Park, K.H.; Stilwell, D.E. J. Electroanal. Chem. 1990, 296, 241.
4. Miles, M.H.; Bush, B.F.; Stilwell, D.E. J. Phys. Chem. 1994, 98, 1948.
5. Miles, M.H.; Bush, B.F.; Johnson, K.B. "Anomalous Effects in Deuterated Systems",

NAWCWPNS TP 8302, Sept. 1996.
6. Jones, J.E.; Hansen, L.D.; Jones, S.E.; Shelton, D.S.; Thorne, J.M. J. Phys. Chem., 1995, 99,

6973.
7. Will, F.G. J. Electroanal. Chem. 1997, 426, 177.
8. Miles, M.H. J. Phys. Chem. B 1998, 102, 3642.
9. Pons, S.; Fleischmann, M. J. Chim. Phys. 1996, 93, 711.
10. Melich, M.E.; Hansen, W.N. in Frontiers of Cold Fusion; Ikegami, H. Ed.; Universal

Academy Press Inc.; Tokyo, 1993; pp. 397-400.
11. Fleischmann, M. in Proceedings of the 5th International Conference on Cold Fusion;

Valbonne, France, 1995; pp. 152-161.
12. Williams, D.E.; Findlay, D.J.S.; Craston, D.H.; Sene, M.R.; Bailey, M.; Croft, S.; Hooten,

B.W.; Jones, C.P.; Kucernak, A.R.J.; Mason, J.A.; Taylor, R.I. Nature, 1989, 342, 375.
13. This controversy is due to the difficulty in reproducing the excess heat effect and the

dependency of this effect on unknown variables within the palladium metal- Our best
cathode materials were palladium-boron alloys prepared by Dr. M.A. Imam of the Naval
Research Laboratory (Ref 5).



TABLE 1: Experimental Electrolysis Power and Theoretical Temperature - Time Slopes For
Cells A and B

time (hrs) PEL-A(W) PEL-B(W) dTA/dt (Khr--1) dTB/dt (Khr-1)
Figure 2

295.28 1.747 1.378 -0.028 -0.016
307.00 1.633 1.318 -0.033 -0.018
318.12 1.555 1.246 -0.026 -0.016

Figure 3
474.50 1.919 1.543 -0.043 -0.019
487.00 1.762 1.468 -0.051 -0.020
502.78 1.648 1.378 -0.054 -0.022

Figure 5
594.50 1.978 1.573 -0.060 -0.027
607.28 1.852 1.486 -0.065 -0.030
622.70 1.717 1.390 -0.072 -0.033

Figure 6
783.25 2.138 1.567 -0.010 -0.030
793.70 2.051 1.498 -0.011 -0.033
814.78 1.868 1.348 -0.011 -0.039



Figures

Figure 1. Schematic of positioning for thermistors T1 and T6 relative to the palladium



Figure 2. Cell temperatures versus time showing the first episode of excess power in Cell A (T1,T6) and the
continuous normal behavior for Cell B (T3,T4). The cell current was increased from 0.25028 A to 0.30021 A at
292.7 hours and D2O was added to both cells at 318.7 hours. The room and bath temperatures are for a 20-
25°C temperature scale.



Figure 3. Cell temperatures versus time presenting an increase in excess power in Cell A (T1,T6) and normal
behavior in Cell B (T3,T4). There is an increase in the temperature of Cell A beginning at 477 hours.
I = 0.30024 A. The room and bath temperatures are for the 20-25°C scale.



Figure 4. Average voltages measured for Cells A and B during the same time period displayed in Figure 3.
The lines have slopes of -0.0314 V/hr (R2=0.9919) for Cell A and -0.0205 V/hr. (R2=0.9971) for Cell B.


