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Introduction
In continuation of the earlier R&D work carried out in connection with the investigations for

electrochemically induced fusion of deuterons using palladium cathode and platinum anode, a
series of experiments was carried out. The following is a summary of results and observations for
two such experiments:

PDC-II Experiment
Start of the expt. 10.7.89 - Conclusion of the expt. 25.7.89.

a) Cathode - Palladium cylinder
i) Thickness - 0.45 mm
ii) Surface area - 6.37 cm2

iii) Volume - 0.143 cc
iv) Weight – 1.7 g

b) Brief history of the palladium cathode

— A cylindrical type of palladium cathode was obtained and it appears that this palladium
cylinder had not been used earlier for any tritium work. However, it was used in the analysis of
the hydrogen gas samples and hydrogen purification work.

— Palladium cylinder of 1 cm length was used.

— The palladium cathode was spot welded to a platinum rod.

— The cathode was cleaned by degreasing, using solvents like acetone and was subjected to heat
treatment at 300°C under vacuum for 2 hours.

— The anode was platinum gauze of area 25 cm2.

Cell and Accessories
The cell of about 100 ml capacity was made of quartz. The Pyrex glass lid was provided with

cones for introducing thermometer, cathode, entry port for sparging solutions with pure argon
gas and vent for liberated gases namely deuterium, oxygen and D2O vapour for quantitative
collection.









— An additional recombination stage consisting of copper oxide column was used to convert
oxygen depleted deuterium gas into D2O.

— Electrochemical measurement: The details are similar as in PDC-II experiment.

Materials used in the Experiment
Heavy water: Similar grade of heavy water as was used in the previous cell was used here.

The heavy water cell volume in this experiment was 80 ml.

— Electrolyte: Electrolyte was similar as in PDC-II experiment.

— The other conditions such as cooling the cell and tritium measurements were identical with
PDC-II experiment.

— Sampling: The procedure followed and the volume of the samples withdrawn from the cell
during the experiment remain the same.

In all during this experiment, 12 samples were taken from the start of the experiment to the
end of the experiment. Other samples for tritium counting were collected from various stages of
recombination from the catalyst, the water-bubbler solution and the degassed electrode.

Electrolysis
Electrolysis procedure followed was similar to PDC-II experiment. However, pulsing was

introduced after 67 amp.hrs. of electrolysis at constant current mode. It may also be pointed out
that the pulsing was done continuously during the day and night for the entire experiment.

— On 13.9.89 the electrolysis was reverted back to the constant current mode at 2 amp. for 3
hours, followed by pulsing till end of the experiment. The pulsing during the period was
between 2 - 4 amps.

— Details of the electrolysis parameters are given in Table II.

Observations: Table IIB
— On 8.9.89 between 1300 hrs. to 1350 hrs. there was a power breakdown.

— 9 samples of the cell solution were collected from 7.9.89 to 13.9.89 for monitoring the level
of tritium activity. The tritium content in the cell solution did not show an increase between
7.9.89 to 13.9.89, except that there was a marginal decrease in the samples taken on 13.9.89
compared to the samples taken on 12.9.89. In view of this, the experiment was continued with a
higher pulsing parameter as that of Fleischmann experimental conditions.

— During this operation, constant current for 3 hours and pulsing for 2 hours were
maintained.

— On 14.9.89 around 1000 hrs. there was a change in the cell behaviour. The bottom of the cell
was shattered due to explosion. In all, the total volume of D2O used in this experiment was 185
ml which included 105 ml of make-up D2O and 80 ml of cell D2O.

— Before the explosion it was noticed that the cell temperature shot up from 71°C to 80°C and
the bubbling rate was low.



Observations: Table IIC
Due to the explosion at the end of the experiment all the electrolyte solution of about 80 ml

was completely lost and no sample could be collected for tritium assay. Broken pieces of the cell
were collected. The upper part of the cell and the broken pieces were washed and the sample was
collected for counting. The D2O condensate and the recombined water from the palladium
catalyst, copper oxide and the bubbler solutions were taken for tritium counting.

The total tritium activity counted from all the samples accounted for 2,08,531 dpm while the
total input tritium activity in 185 ml of D2O used in this experiment comes out to be 30,170. It
may be noted that the activity in the cell solution could not be accounted as it was lost. Even this
tritium activity of 2,08,531 dpm, accounted from the recovery and recombination of gases
liberated from the cell, has shown excess tritium 5.79 times.

In view of the repeated nature of the explosion at the terminal stages of electrolysis it was
decided to subject the palladium cathode for a metallographic examination. Metallographic
examination was done at the Physical Metallurgy Division by means of polarised light
microscopy after embedding and mounting the electrode with an acrylic polymer resin. The
palladium cathode was then cleaned with acetone and tetrahydrofurane to remove the polymer
coating. The electrode on degassing gave about 1.2 ml of gas which accounted for 5,530 dpm of
tritium activity. It may be mentioned here that if the electrode had been degassed before the
metallographic examination the tritium content would have been significantly higher.

— It may be pointed out that had the cell solution not been lost, significant amount of
tritium could have been recovered. An important observation from the counting of the cell
samples was that large tritium activity was not produced in the cell until 13.9.89
(PDC-III-12) even at 218 amp. hrs. Excess tritium was produced only between 13.9.89
and 14.9.89. (between 218 amp.hrs and 286.2 amp.hrs.) whereas in the PDC-II experiment
excess activity was generated at about 75 amp.hrs. in 3 days of electrolysis.

Results of the polarised light microscopy of the electrode
— Metallographic examination of the palladium cathode used in the experiment and which
experienced an explosion showed an extensive twinning within the palladium grains with
worm-like microstructure. This is suggestive of an intensive shock-wave impact on the
metal. Microphotographs of the two samples are attached for reference (Figs. 1-3)

A similar palladium cylindrical cathode was also metallographically examined. This
electrode was given for comparison and did not see any explosion during electrolysis. Results of
metallography revealed that it did not show any significant twinning and worm-like
microstructure.
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Fig. 1. Deuterium loaded Pd sample-1 after explosion.



Fig. 2. Deuterium loaded Pd sample-1 – another view.


