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These experiments were designed to give the dynamic electrolysis conditions of fluidized beds by the use of small palladium
particles. Both direct current electrolysis and pulse power electrolysis methods were used in this study. The excess power observed
was 90 mW for direct current electrolysis in D2O + 0.1 M LiOD (I=0.300 to 0.400 A). For pulse electrolysis (pulse width 1.0 µs,
pulse frequency 5 KHZ, peak voltage 98 V), the excess power increased to 250 mW. No excess power was observed for similar
experiments using platinum particles in D2O + 0.1 M LiOD.

1. Introduction
Fluidized bed as well as packed bed reactors give increased surface areas and therefore more efficient
electrochemical processes.1 In fact, Martin Fleischmann, who initiated cold fusion studies, was also one of the
innovators in the understanding of these reactor designs.1 A fluidized-bed reactor consists of a finely divided
electrode material this is distributed over the full electrolyte volume by an ascending liquid or gas flow, and this
material continuously collides with special current collector electrodes.2 Fluidized bed cell designs, therefore,
provide the dynamic conditions that are believed to be important for the observation of excess enthalpy in cold
fusion experiments. Furthermore, the many miniature palladium particles make these experiments more
independent of the metallurgical properties of any selected palladium cathode.
2. Calorimetric Design and Cell Modifications
The basic China Lake calorimetric design where the heat transfer is mainly by conduction was used in this study.3,4
The only variation was the use of copper granules rather than aluminum foil in the secondary compartment outside
the electrochemical cell (see Fig. 1, Ref. 3). This change was designed to facilitate heat conduction between the
electrochemical cell and the bath while minimizing heat transfer out of the top of the cell. Two identical
calorimetric cells were used with platinum particles in Cell A as a control while palladium particles were
investigated in Cell B. The platinum and palladium particles were miniature cylindrical rods that had the same
dimensions (0.6 to 0.65 mm diameters and 0.65 to 0.7 mm lengths) and the same purity (99.99%).
Cell calibrations were made by assuming that there was no excess power during the first week of electrolysis at
constant current of 0.300 to 0.400 A. This assumption yields a lower-bound value for the heat transfer coefficient.5,6
The use of this method, however, will zero-out any actual excess power during the calibration period (first 10,080
minutes). This is normally not a major problem for larger palladium electrodes because at least one week of
electrolysis is usually necessary before the excess enthalpy developes.7,8 In this experiment, there were no signs of
excess power for the small palladium particles during the first week of electrolysis such as any unusual decreases of
the lower-bound heat transfer coefficients.
Figure 1 shows a schematic of the fluidized-bed electrochemical cell. Preliminary studies showed that these
particles were too heavy to be suspended in solution by the deuterium gas evolution and that only the surface layer
particles showed movement during electrolysis. Therefore, this electrochemical cell would actually be a closer fit to
a packed-bed electrolyzer.1
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Figure 1. Electrochemical cell containing platinum or palladium particles.
The bottom of each electrochemical cell was filled to a level of 3 to 4 mm with a small metal particles. A
platinum wire sealed in shrink Teflon with only a small tip exposed was used to make electrical contact to the metal
particles at the bottom of the cell. A platinum coil anode was positioned about 0.5 cm above the bed of metal
particles. Each cell was filled with 18.0 mL of D2O + 0.1 M LiOD. Two thermistors were fixed in position on the
outside surface of each cell as described in previous experiments.3
3. Pulse Power Electrolysis
Extreme conditions can be produced at electrode surfaces by the use of pulse electrolysis methods. Figure 2 shows
the cell voltage and cell current versus time for a typical pulse applied to these cells containing platinum or
palladium particles
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Figure 2. The cell voltage and cell current response for a typical pulse (pulse width of
1.0 µs).

For the electrolysis pulse shown in Figure 2, the peak cell voltage reaches 98 V, the peak current is 6.0 A, and
the pulse width is 1.0 µs. The potential of the cell can be expressed by
Ecell = Eoc + ηA + ηC + IR

(1)

where Eoc is the open-circuit potential (I=0), ηA and ηC are the over-potentials at the anode and cathode, respectively,
and IR is the voltage contribution due to the ohmic resistance (R) of the cell. The IR contribution to the cell voltage
is established almost instantaneously followed more slowly by the kinetic (activation) and diffusion (concentration)
over-potentials at each electrode. The shape of the current and voltage curves versus time (Figure 2) suggests that
the IR term in Equation 1 is the main contributor to the cell voltage. The cell resistance (R) is estimated to be 10-15
ohms based on Figure 2 results.
The pulse frequency (repetition rate) was varied from 1 to 20 kHZ, but the frequency of 5.0 kHZ was often used.
At this frequency, the electrolysis pulse is applied for only 0.50% of the time, and the cell is off 99.5% of the time.
Therefore, the average electrolysis current was generally only about 12 mA, and the D2O solution levels decreased
very slowly over time during pulse electrolysis.
The average electrolysis input power to the cell requires the summation over all data points in the pulse (Figure
2) using the equation
P = Σ (Ei – EH) Ii ∆ ti • f

(2)

where ∆ti is the pulse width(s) and f is the frequency of the pulse (Hz). The thermoneutral potential (EH) must be
subtracted from each cell voltage measurement (Ei). This precisely corrects for the reaction enthalpy (∆H) contained
in the D2 and O2 electrolysis gases escaping from the cell. From Kirchoff’s Law that gives the temperature
dependence of reaction enthalpies,9 and introducing ∆H=-nFEH yields
EH = 1.5318346 – 0.0002067(T-273.15)

(3)

for the reaction D2(g) + ½ O2(g) → D2O(l). At a typical cell temperature of 50°C (323.15 K), EH = 1.5215 V.
4. Excess Power Measurements
Figure 3 presents the experimental results for Cell A that contains the platinum particles. There is very little
difference in the two lines that show the output power of the cell and the electrochemical power added to the cell,
thus the excess power, Px = Pout – Pin, is close to zero. For the first two thirds of the experiment, constant current
electrolysis was used for the input power. At 12945 minutes (9.0 days), the input power to the cell was switched to
the pulse power mode. Figure 3 shows that there was no significant excess power for the platinum particles in Cell
A at any time during this experiment. In fact, the measured output power is often slightly less than the input power.
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Figure 3. The electrochemical power input and the calorimetrically measure output
power for the platinum particles in Cell A.
Results for the palladium particles in Cell B are shown in Figure 4. This figure shows the electrochemical
power along with the output power measured calorimetrically. After about a week of electrolysis (the calibration
period), the output power begins to slightly exceed the input power to the cell. The excess power reaches a peak of
about 90 mW for the direct current electrolysis at about 17180 minutes (11.9 days) into the experiment. The
electrochemical input power was switched to the pulse power mode at 20490 minutes (14.2 days). As shown in
Figure 4, even larger amounts of excess power were observed using pulse electrolysis. The anomalous heat effect
increased with time and reached 250 mW of excess power.10
Figure 4. Excess power measurements for the palladium particles in Cell B.
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5. Discussion
The miniature palladium particles used in this experiment were too large to be fluidized by the electrolysis gas
stream. Nevertheless, the top layer of small metal particles were observed to jostle about during the constant current
electrolysis, hence new surfaces were continually exposed to the top portion of the metal/electrolyte interface. A
larger agitation of the particles would be expected by the pulse electrolysis. It is likely that more and more
palladium particles became involved with the electrolysis with time during the pulse experiments. This is indicated
by the increase in excess power with time for the pulse method as shown in Figure 4.
The black, dendritic palladium material produced in the codeposition experiments11-14 is capable of being
fluidized in D2O + LiOD electrolysis experiments. If these codeposition particles become detached from the
cathode, they can be observed to be suspended and move about in the solution due to the gas evolution. A future
fluidized bed experiment would be to use electrochemically deposited palladium material confined in a fine wire
mesh container as the cathode. Previous work has shown that the codeposition method is capable of producing
excess enthalpy even at small current densities.15,16 Electrochemically deposited platinum material could be used as
a control in similar D2O + LiOD solutions.
6. Summary
The use of small palladium particles approximated fluidized bed or packed bed reactors and produced dynamic
electrolysis conditions. The excess power measured calorimetrically was 90 mW for direct current electrolysis and
250 mW for pulse electrolysis. No excess power was observed for similar experiments using platinum particles in a
D2O + LiOD solution as a control.
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