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Abstract
An excess heat measured as a rise of cell temperature from a calibration curve has been
observed in fuel-cell type cells using pure palladium cathodes and apparently depended on their
thermal treatments. All the Pd cathodes tested were at least 99.99 (“four nines”) pure, but the
treatment conditions of the cathodes appear to have affected the loading ratios and presence of excess
heat. The Pd cathodes exhibiting excess heat were annealed for ten hours at a high temperature (850
or 1000 “C) in a high vacuum environment. The excess heat from the samples ranged from 7-18 % of
the electric input power. However, these results should be confirmed with a flow calorimetry system.

1. Introduction
A research and development project, “New Hydrogen Energy” project, was started in
November 1993 under New Energy and Industrial Technology Development Organization (NEDO)
in Japan. In the project, several experimental systems in which an excess heat had been detected
were set up in our laboratory[’]. One of the systems, a fuel cell type electrolysis system[21has
pressurized cells with a reversible hydrogen anode based on fuel cell technology. In a few cases
excess heat had been detected using the system by Apr. 1995 in our laboratory. Reproducibility of
the excess heat was poor, probably because of the use of many kinds of Pd. However, useful
information about Pd rod processing has been obtained[31improving the ability to acquire higher
loading ratio (DPd) than 0.85, which appears to be indispensable for excess heat generation. The
main conclusions are that (1)Pd electrodes with higher purity and stable grains reach high DPd, (2)
Grain size and/or grain boundaries may be significant for high DPd, and (3) Cracks on the Pd surface
very likely inhibit high loading.
In this study, Pd rods were fabricated of high purity “four nines” Pd, melted in vacuum,
processed at room temperature, and surface machined, in keeping with protocols which have
previously achieved positive results. In addition, samples with various pre-electrolysis treatments
have been tested with the fuel cell type electrolysis system. The effects of pre-electrolysis treatments
on the D P d and excess heat measured are discussed in this paper.

2. Experimental
2.1 Pd cathode
A “standard” process to prepare Pd rods for electrolysis experiment was determined[41based
on the past experimental results[31.The results indicate that high D/Pd loading can be achieved under
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the following conditions: (1) Pd electrodes with higher purity and stable grains reach high DPd, (2)
Grain size and/or grain boundaries may be significant for high DPd, and (3) Cracks on the Pd surface
very likely inhibit high loading. Therefore, the Pd cathodes, which were 4 mm in diameter and 20
mm in length, were made of “four nines” Pd, melted in vacuum, processed in room temperature, and
the surfaces were machined away to a depth of 0.2 mm by Tanaka Kikinzoku Kogyou (TKK).
In addition, we attempted various pre-electrolysis treatmentsI4I to the samples by the
“standard” process described above to increase the D/Pd. The results of the attempt using a
resistance measurement system, which could estimate D P d from a change in resistance of Pd during
electrolysis, were presented by us in other paperL5].The major treatments were (1)a surface etching
in aqua regia to remove surface defects and to clean the surface, and (2) a vacuum annealing to
release the stress, to re-crystallize the grains, and to clean the surface by thermal etching. The etching
sample NO.
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power supply (KIKUSUI PAD16-1OLP) to
provide a constant electrolysis current and
measured the cell pressure, the temperature at
the three points, the cell voltage, and the
electrolysis current through a scanner
(ADVANTEST R7430), recording data at one
minute intervals.
Both the D/Pd and excess heat are
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certain period, and concluded that the deviation
from the calibration curve was within 52%.
Therefore, we assume that only a measurement
larger than 5% could be attributed to excess heat
generation.

-'-I

j

Fixed Panern

2.3 Electrolysis condition
The electrolysis was performed under
constant current control. A typical applied
current profile is shown in Fig. 3. The current
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was maintained at 125 mA corresponding to 50
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mA/cm2 surface current density on Pd samples
Fig.3 An example of electrolysis current pattern
for 6 days after the start of electrolysis, and then
the current was changed step by step after stable
equilibrium was reached. The temperature of the
0.30
r1.0 20
cathode became stable within three hours after a
current change according to results of the
calibration experiments. Therefore, the time
constant of the system was about three hours, so
the excess heat was estimated on the basis of the
cathode temperature measured three hours after a
10.2 4
step change in supply current.
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was fixed as the same loading condition.
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Following that time, the profiles were varied. In
all, the samples were electrolyzed in the system Fig.4 Heat of occlusion, loading ratio, and Pd cathode
temperature at the state of beginning of electrolysis.
for more than one and a half months.
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Fig. 4 shows the heat of occlusion measured at the state of beginning of electrolysis. The
excess heat estimated from the cathode temperature was not exact under transient conditions, as
described above, but it showed that the system had sensitivity to detect the heat of occlusion. The
heat of occlusion estimated as integration of the excess heat was of about 780 J. The calculated value
was about 350 J. This difference in these values was probably caused by the lack of correction for the
system response function.

3. Results and discussion
The experimental results on excess heat and D/Pd are shown in Table 2. The excess heat is
the maximum during electrolysis. The percentage is the ratio of the measured excess heat to the input
electric power. From the results, it seemed that (1) excess heat of 0.35-0.75 W (7-18 %) was

* Maximum excess heat (normally, electrolysis current = 2 A)
** Maximum D P d during experiment

measured in only four samples annealed for 10 h at the temperature both of 850 and 1000 "C, (2) the
loading ratio of the samples with excess heat was 0.85-0.89, significantly higher than the 0.80
1.4

1.2

z
c,

m

0.8

al

0.6

tal

s:

0.4

UJ 0.2

0.0

Time (day)

(a) Sample #3 observed excess heat (850"CxlOh)

(b) Sample #1 observed no excess heat (850"Cxlh)

Fig.5 Two experimental results with and without excess heat

attained by the untreated sample (#O), and (3) the aqua regia etching before annealing was not
effective in achieving D/Pd and excess heat in these experiments.
Two experimental results (sample #3 and #1) with and without excess heat are shown in Figs.
5 (a) and (b), respectively. The same current pattern was applied in both the experiments, but
different results were measured. Sample #3 achieved D/Pd of 0.85 and generated 0.7 W of excess
heat. On the other hand, #1 had lower D/Pd and no excess heat. The excess heat in Fig. 5(a) was
continuously detected after 2 weeks from the electrolysis start. The excess heat observed in other
samples also showed the same trend.
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of #2, which had the same heat treatment as #1,
also had no excess heat and the same low D P d as
#l. In other experimental pairs with etching or
not (#3 & #4, #5 & 6, #7 & #8), their results on
excess heat were also unrelated to the etching
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density supplied is shown in Fig. 6. To calculate
this relationship, the data from 2 weeks after the Fig.6 Loading ratio as a function of current density
supplied, comparing the two samples; #1 without excess
start of electrolysis and in stable equilibrium (i.e., heat
and #3 with excess heat.
more than three hours following a step change in
current) were used. The D/Pd ratio of sample #1 with no excess heat became lower at higher current
density. The D/Pd of sample #3 with excess heat increased or did not declined at high current density
supplied.
Relationships between the loading ratio and the current density in all the experiments with or
without excess heat are shown in Figs. 7(a) and (b), respectively. The electrolysis patterns in the
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Fig. 7 Experimental results of loading ratio as a function of current density supplied.

experiments were not entirely identical to each
other, but were the same for 17 days from the
start, as previously described. D/Pd for cases in
which excess heat was observed tended to
increase or remain constant at higher current. On
the other hand samples exhibiting no excess heat
tended to decrease the loading at higher current.
The relation between excess heat and
loading ratio on the samples #1 and #3 are shown
in Fig. 8. The measured data used were the same
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However, sample #3 attained a higher DRd (up Fig.8 Excess heat vs. loading ratio on the sample #1
to 0.87) than #1, and generated Over 5 % of annealed at 850 "C x l h and #3 annealed at 850 "C x 10h.
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excess heat.
Similar results were obtained for samples annealed at lo00 "C. Excess heat was only
measured for sample annealed for ten hours. According to these results, the time of 10 hours for
annealing was sufficient to re-crystallize the grain, and/or to clean the surface by thermal etching, but
1 hour was insufficient.
Typical relationships between input
0.8 EX13C.5
power and excess heat in the experiments are
shown in Fig. 9. The solid line is a quadratic fit
using the least squares method. The excess heat
increased quadratically as the input power
corresponding to the surface current density
increased. However, these results alone are not
&essheat(W)
sufficient to prove the existence of an anomalous
source of excess thermal energy in this system.
Although previously it had been estimated that
0
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5
Input power (w)
the deviation of the calibration curve, which
might cause a false positive excess heat, was less
it is not possible to
than
Out the Fig.9 An example of excess heat vs. Input power on the
possibility that some other unknown factor might sample #7 annealed at 1000 "C x 10h.
increase the deviation from the calibration curve
for the system.
A problem of the fuel cell type system is that it does not measure net excess heat directly.
Therefore, the existence of the excess heat from Pd is not considered proven in these experiments.
To measure the excess heat exactly, a flow calorimetry system[41has been manufactured which is
compatible with the fuel cell type cell and which can directly measure the excess heat from the cell
by measuring the input/output temperature and mass flow of coolant. It remains to confirm the
existence of excess heat with the flow calorimetry system.
5%7

4. Conclusions
Experimental results on excess heat and D/Pd using a fuel cell type electrolysis system have
been presented. Pd rods were made of high purity "four nines" Pd, melted in vacuum, processed in
room temperature, and surface-ground. Samples with various pre-electrolysis treatments were tested
to examine the effect of the treatments on the excess heat and the D/Pd.
The pre-electrolysis treatments were (1) a surface etching in aqua regia to remove surface
defects and to clean the surface, and (2) a vacuum annealing to release stress, to re-crystallize the
grains, and to clean the surface by thermal etching. The annealing temperature have ranged from 850
to 1000 "C, and the annealing time varied from 1 to 10 hours.
Excess heat has been observed in our experiments. Apparently, thermal treatment conditions
of the cathodes affected loading ratios and excess heat. Excess heat has been only observed from the
Pd samples which were annealed for 10 hours at a high temperature (850 or 1000 "C) in a high
vacuum environment (1 mPa). Excess heat from the samples has been 7-18 % of the electric input
power. However, the system was not able to measure the net excess heat directly. Therefore, it is
recommended that excess heat from Pd be confirmed using a flow calorimetry system before
concluding that the system does in fact produce excess energy.
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