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Evolution and Progress in Material Science 
for Studying the Fleischmann and Pons Effect



Reproducibility of Loading and of Excess of Power as a 
Material Science Problem

Excess of power
Vs. D concentration

McKubre ïSRI -

Threshold effect McKubre (SRI) e  Kunimatzu (IMRA Japan) (1992) 
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Research Frame

1) Material science study to increase both reproducibility
and signals

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

3) Theoretical work to identify methods to trigger the
effect

Since 1996 in ENEA material status was identified to be 
responsible  of the loading
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The stress field modify the chemical potential of hydrogen dissolving
into the lattice 

hsHH Vsmm -=*

(V solute molar volume,  sh trace of the stress tensor)

In presence of a stress field  the flux equation reads:

)( sÐ-Ð-=
RT

Vc
cDJ

A metallurgy able to minimize the concentration gradients is required

Loading is not homogeneous and concentration gradients produce a stress 
field  
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Material Science on Metallurgy

H or D entering Pd lattice produces an elongation of the lattice parameter



A process has been defined to have a metallurgy enhancing mass 
transfer to reduce  D concentration gradients and stress.

Cold rolled and annealed at
850 ÁC Pd foil 
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Normalized Resistance evolution
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Designed Metallurgy

(Please see also S1_04)



Theoretical Frame

A theoretical model was developed that predicts intense 
E.M. field caused by charge density oscillations at the  
interfase  leading to:  

V. Violante, Lattice Ion Trap Confinement for  Deuterons and Protons: Possible  

Interactions in  Condensed Matter. Fusion Technology 35 (1999)361-368.

V. Violante, A. Torre, G.H. Miley, G. Selvaggi, Three Dimensional Analysis of the 
Lattice Confinement Effect on Ions Dynamics in Condensed Matter and Lattice 

Effect on the D-D Nuclear Reaction Channel. Fusion Technology 39 (2001) 266-281.

1) Deuterons interaction in Pd Lattice

2) Modified decay channel  for D+D reaction
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(Please see also S10_04)
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The interaction Hamiltonian is calculated by using the same values of the 
field  producing the close approach between deuterons

Within the single particle approximation the probability amplitude results to be

leading to

Field Effect on the Decay Channel
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Calorimetry

Insulation

Flow Calorimeter

2002-2004 Experimental Campaign
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Pd
Pt

Pd
Pt

Pd
Pt

Pd
Pt

Catalyst

Cathode -

Anode +

PEX = POUT/Efficiency - PIN

Closed Electrochemical Cell

PIN=VxI      P OUT=WCp(TOUT-TIN)

FEM Modelling   
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Cell scheme



Light water experiment (typical calibration)

Input and output power and energy with H 2O. Calorimeter 
efficiency = 97.5%.
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