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welded to a Pt lead wire. The anodes were prepared in the same way, using Pt foil spot
welded to a Pt lead wire.

The electrolyte contained 20 ml D2O and 3.5 ml H2SO4 in one cell. A second cell
contained 20 ml deionized H2O and 3.5 ml H2SO4.. The heavy water and light water cells
were connected in series (Fig. 1).

Fig.. 1. The heavy water and light water cells are connected in series. Each cell has a Pd
cathode and a Pt anode. All heavy water cathodes bent toward their anode 45 to 90
degrees, but the light water cathodes bent toward their anode only slightly.

In one experiment the time of electrolysis was 6 minutes at a current density of about
0.25 A per cm2. After microscopy of the electrodes was completed, SIMS analysis was
performed on a control (no electrolysis) Pd foil from the same cold rolled strip, and on
the Pd cathodes from the light water and heavy water cells.

The instrument used for these analyses was a PHI II SIMS, Model 3500, linked to a
General Balzer 16 mm rod quadrupole mass spectrometer. Each sample was bombarded
with a 3 KV Cs ion beam which scanned an area of about 1.4 mm x 1mm. Pd was
sputtered from the cathode at the rate of about 0.1 nm per second. By sputtering for long
times, it was possible to obtain the relative abundances of the isotopes versus depth.
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Fig. 2. Depth profiles for the most abundant Pd isotopes : top – control (no electrolysis) ;
center – after H2O electrolysis; bottom – after D2O electrolysis.
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only 6 minutes, which would be insufficient for uniform hydride or deuteride formation.

Fig. 3 shows a SIMS depth profile from a different area of the same Pd cathode after
electrolysis for 6 minutes in D2O electrolyte. The signal from Pd 106 is far less than
expected. It coincides with the signal from Pd 105 which has a natural abundance 5 at.%
less than Pd 105. The signal from Pd 108 is consistently greater than that from Pd 105
and Pd 106 throughout the 81 minute sputtering time. There is no tendency for merger of
the Pd 106 and Pd 108 signals, such as that shown in the bottom graph, Fig. 2.
SIMS profiles for 8 of the 9 analyzed areas of the heavy water electrolyzed Pd cathode
show that there is also an inversion in the abundance of Pd 104 (11.14 at.% natural
abundance) and Pd 110 (11.72 at.% natural abundance). Data for the control and for the
light water and heavy water electrolyzed Pd cathodes are given in Fig. 4. The signal from
Pd 110 is greater than the signal from Pd 104 throughout 25 minutes of sputtering, both
for the control (upper graph) and for the 6 minute H2O electrolyzed Pd cathode (center
graph). The lower graph gives data for the Pd cathode after electrolysis for 6 minutes in
D2O electrolyte. It shows that the signal from Pd 110 is only about half the intensity of
the signal for this isotope in the upper 2 graphs, whereas the signal from Pd 104 for this
cathode is only slightly less than that in the upper 2 graphs. The inversion is almost
constant throughout the 81 minute sputtering time. Its cause may have may have a similar
explanation to those suggested above for the 106/108 inversion.
In another experiment, Pd from the same stock was cold rolled from 0.5 to 0.35 mm
thickness. A cathode 25 x 23 x 0.35 mm 3 was prepared from this. Electrolyte was
prepared containing 6.7 g D2O : 1 g H2SO4 and about 0.02 g Ti per ml of solution.
Electrolysis was performed for about 6 hours per day for 8 days. Excess power compared
to a control cell was observed for every run. It ranged from 0.5 to 2.6 W. The average
was 1.8 W.
During electrolysis the Pd cathode bent toward the Pt anode to form a concave surface
facing the anode. After electrolysis both the concave and convex surfaces were analyzed
blind by National Renewable Energy Laboratory (NREL) scientists. The analyses
included SIMS, SEM, and Auger Electron Spectroscopy (AES). SEM and AES data are
given in Figs. 5 and 6 and Tables 1 and 2.
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Fig. 4. SIMS depth profiles for Pd 104 and Pd 110.
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