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Remarks

Signals well above the measurement uncertainties are confirming the anomalous
production of excess of power during electrochemical loading of Palladium with

Deuterium.

Excess of power has the following features:

1) Threshold effect (loading D/Pd > 0.9)

2) Unobserved with hydrogen

3) Unexplainable as chemical effect

4) Occurs only if materials are showing specific characteristics
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Research Approach

4

1) Material science to increase both reproducibility and
signals by loading enhancement.

2) Calorimetric experiments designed to have an
appropriate signal/noise ratio.

3) Definition of the effect through the material
characteristics.
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Calorimetry (Mass Flow)
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NRL Differential Calorimeter

Inert Cell! © Active Cel
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Common Reference Heat Sink

Pout =a + b*AV a= offset
b=gain
AV=ddp peltier
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Observed Behaviors

Some differences were observed concerning Pd cathodes loaded above the
threshold D/Pd = 0.9:

1) High power gain during the excess.
2) Low power gain during excess.

3) No excess.

The different behavior was related to some features of the samples
ascribed to contaminants.




ICCF 18 University of Missouri, July 22-26 2013

Spectrum of Contaminants in the Rough Materials (from the producer).

Both lots 99.95% purity
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Effect of Contaminants
Contaminants may act on:

_ Grain size :> Controls Stress and Mass Transfer
- Crystal orientation —> Controls Kinetics and DL Capacitance
Grain boundary —> Controls Stress and Mass Transfer

- Surface treatment —> Surface ) [T —— Capacitance

Morphology

EHT =10.00 kV Signal A=InLens Date :
WD= 13mm Aperture Size = 30.00 ym Time :

Lot 1 From the same producer; same tretment Lot 2

Aag= 500 X
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ldentifled Conditions to Observe the Effect in PdD System

1) Appropriate metallurgy to achieve the loading threshold

2) Enhanced mass transfer

3) <100> mostly oriented material

4) Appropriate surface morphology




ICCF 18 University of Missouri, July 22-26 2013

Surface

- Crystal orientation and specific contaminants modify the effect of the
chemical etching leading a different surface status.

-The surface morphology is acting on the interface electrochemical
structure.

Power Spectral Density Function (PSDF) has been selected as
surface merit figure.

- 2 4 6 8 I/um

= Two periodicity system
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Surface morphology results to be a fourth condition
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Now we play with contaminants
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Producing an Active Material

The experimental evidences allowed to produce a material with characteristics
close to the ones above described.

A lot of Pd having a spectrum of contaminants approaching the lot 1 was
undergone to the treatment leading to: dominant <100> orientation and
an appropriate metallurgy.

[111]

[001] [101]

Sample Normal

L66 ESBD Results



Palladium was doped by Platinum: effect on the surface
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L66 (160-200) Platinum added
up to 25-30% excess
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L119 (20-60) Before L119 (20-60) PSD from AFM
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EBSD reveals a scattered orientation of crystals and small size grains
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Loading is high and fast



L119 Palladium Rhodium Alloy
produced at ENEA by using
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L119 as was During the Excess
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Cu, Fe,Si and Pt have been identified as contaminants on the electrode surface
after the electrolysis.
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Let see if we may extract any additional information from
GEIS (Galvanostatic Electrochemical Impedence Spectroscopy)
performed during the experiment.
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Current and overvoltage behavior during

40% excess
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Something was changing at the interface during the excess !!
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-Im(Z} vs. Re(Z)
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A wide range of resonating frequencies is possible
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1Hz
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Calorimeter check: Pin-Pout by applying 100mA + 20mA in the frequency range
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260
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Sample L119-140-180

Sample L119-140-180 was inactive, no evidence of specific contaminants on the surface
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Pin-Pout Sample L119-140-180
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Again L124(50-90) Excess
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Loading is high and fast

|dentified contaminants : same as L119(20-60)

This sample was the ‘most close’ to L119(20-60)
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Conclusions

Material features , related with the occurrence of the effect, have been identified:
1) loading thereshold, 2) loading dynamics, 3)grain-grain boundary size,
4) surface morphology, 5) crystal orientation (Pd).

A specific role of some contaminants has been also identified.

In situ GEIS revealed a dramatic changing of the electric structure of the interface :
resonating circuits components turn out during excess.

Material status is the key to observe the effect. Material science is the
key to understand it, since some material characteristics support some
processes rather than others.

By applying the scientific method future work should be oriented
towards the definition of the effect rather than its demonstration.
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Thank You

This work has been supported by National Instruments and a
specific work is in progress to develop new instruments to
improve the study.



