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Hydrogen Adsorption

● Adsorption means interaction with the /rst layers of metals only.

● All kind of things happen in this /rst contact (physisorption, 

chemisorption, catalysis, etc...)

– It also include the splitting of hydrogen, which require a lot of 

energy (~230kJ/mol/H = 2.38eV/H)

● Energy to then reach the surface, form a proto-hydride and further 

penetrate is much lower.

=> The main gain we can expect in the necessary work of hydride 

formation is to facilitate atomisation of hydrogen. 



  

Hydrogen Absorption

● Thermodynamics

– Ni absorption is endothermic ΔHNi = 15.1 kJ/mol = 156 meV/hydride

– Pd absorption is exothermic ΔHPd = -18.7 kJ/mol = 193 meV/hydride

– Ni absorb at high temperature (doubled at 1200°C)

– Pd absorb at lower temperature (Q-1
max = 110K)

● Lattice parameters:

– Ni = 3.525 Å

– Niα max = 3.532 Å

– Niβ min = 3.735 Å (Δa = +5.5%, Δa3 = 8.3% in volume !!!)

– Pd = 3.89 Å

– Pdα max= 3.984 Å

– Pdβ min = 4.025 Å ( Δa = 3.5%, Δa3 = 6.34%)



  

Thermodynamics

For Ni:

● EdiH = 

● Esol = 

● EdiH = 

● Ehydr = 

● Ess = 

● EH = 

● Ediss= 230kJ/mol (2.4 eV)

per atom!!!

Annu. Rev. Mater. Res. 2006. 36:555–608 doi: 10.1146/annurev.matsci.36.090804.094451



  

Ni-H Metallurgy vs. Thermodynamics



  

Crystallography of Hydrogen in Metals

● Site occupancy is very dependent on base pure vs. alloy metal 

crystalline structure and initial defect density,

● For Pd and Ni, the octahedral sites are occupied (FCC),

● Saturation of the octahedral site occupancy is seen as the 

limiting factor, preventing x=H/Pd≤1 (Griessen 2015)

● The process inKuence crystal structure, for instance 

implantation tend to produce tetrahedral structures,

● Hence Pd/H=x>1 can be archived via other crystal structures.



  

Example of bulk crystallography



  

The role of intermetallics (alloys)

● Intermetallics are or great interest for the following reasons

– Allow to /nely adjust the lattice parameter

– Allow modi/cation of lattice structure and crystallography

– Allow management of defects diHusion

– Can solve some single metal drawback properties

– Can serve as a matrix for a LENR fertile material (NEDO 

materials: ZrO2+Ni/Cu/Pd)

– Kirkendall eHect: inter-diHusion producing defects (Clean 

Planet inc.).



  

Intermetallics: example Ni-H vs. Ni-Cu-H



  

Loading kinetic in M-H

● In M-H, no activation means the results will be inconsistent with 

previous publications

● Loading fast is almost never done, we deal with thermodynamicians, 

crystallographs, they are looking for equilibrium conditions

● Hydrogen remains in the lattice after the /rst loading

– Decrease the energy of the following loadings

– Increases the lattice parameter

– Conforms the material

– Produce defects



  

Loading kinetic in CMNS

Fast loading is very diHerent compared slow loading

● Fast loading will increase the density of defects in the 

materials.

● Because the defect density increases, the strain /eld 

will be increased and prevent diHusion, preventing the 

uniform distribution of hydrogen in the metal

● Slow loading will increase the loading density across 

the entire sample



  

Activation an example

● Example for Pd

● Remaining hydrogen in 

metal lattice:

– Loading is lower 

(hydrogen trapping)

– Deloading is less fast 

● Occlusion of hydrogen is 

happening

Solid State Phenomena Vols. 73-75 (2000) p. 281 (2000) doi:10.4028/www.scienti/c.net/SSP.73-75.423



  

Activation: Definition

Surface or structural modi/cation of the bulk material to 

let the hydrogen enter.

● In metallic hydrides studies it can take the following forms:

– An oxide layer that increases the micro-size tolopogy 

features,

– Mechanical cold-work in a lamination device,

– A cycling of loading and deloading of hydrogen,

– Co-deposition of metal hydride on the surface of a bulk,

– Deposited /lm on the surface of bulk.



  

Example of Pd activation process

Solid State Phenomena Vols. 73-75 (2000) p. 424 (2000) doi:10.4028/www.scienti/c.net/SSP.73-75.423



  

Activation: Consequences in CMNS

● The crystal surface and bulk are modi/ed

– This depend on the original state (annealed, rolled…)

– For Ni, Pd (fcc) dislocations are produced through 

the miscibility gap

● The metal load easily and in a reproducible manner

● DiHusivity is increased

● Deloading too...



  

Hydrogen as a Lubricant!

● When inserted in the metal, hydrogen is not a proton, but a neutral 

atom.

– Hence electron screening also act within the lattice of the metal

– Super loading rates can occur (e.g Pdα=4.1*10-7 cm2/s; Niα= 7.12*10-

10cm2/s)

● The discrepancies between lattice parameter will increase the 

defects density

– Hydrogen will generate vacancies defects after its passage,

– But it will make a strain /eld ahead within the crystal structures

● In full: hydrogen, when inserted in the metal lattice that has proper 

crystalline structure to allow diHusion will generate large density of 

defects promote better loading



  

Method: Experimental vs. Practical

● Experiments are necessary to understand nature’s behavior

● They are NOT design to prove a technological solution

● Production of results will enhance our comprehension of nature

● THEN we can design a material and conditions that will have a 

practical application

● The other way around is very ineHective, as shown that 32 years 

of research in cold fusion have yield no practical application in 

the commercial world

● Hence I beg your understanding that current experiment 

schedule is not meant to produce a advancement in practical 

solution, but in theoretical understanding. 



  

Essential Steps

● Reduction of the oxides

=> Increased speci/c surface of the sample

=> Allow better adsorption

● Absorption and desorption cycling

=> Improve the loading in general

=> Increase electron screening potential

● DiHusion of H0 in the metal

=> Increase electron eHective mass
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Thank you!
Any questions?


