Interstitial alloy

Hydrogen is an
interstitial
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where & is the energy of the k-th molecule.




& Is the binding energy of the H molecule
M is the angular momentum and

© is the moment of inertia of the molecule.
The classical limit
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Van t'Hoff plots Van t'Hoff plots of some metal-hydrides
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P-c isotherms
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H diffusion in Y

Seeing a lattice gas moving Y,0, Pd

In a metal Y

Den Broeder, van der Molen et al, Nature 394 (1998) 656
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Pressure-composition isotherm of YH, at T=293 K
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Interstitial sites in FCC, BCC and HCP lattices
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Definition of a lattice gas

A lattice gas is a monoatomic gas with the interaction
U=>U(R -R;))
1]
where R;indicates the position of the i-th atom and

a) the atoms have a finite impenetrable core of
diameter a, so that U(r)= o for r<a

b) the interaction has a finite range, so that U(r)=0 for
r>b

c) U(r) is nowhere -«
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Energy of hydrogen atoms dissolved in a metal

E=N,s +N,,&

N,y : number of nearest neighbour H-pairs
e :strength of H-H pair interaction energy
N :total number of sites

N, :number of H

The free energy F=U-TS is

F=—kT In Zexp[— NHgOKJfI_NHHg}

where the sum is taken over all configurations of N,
atoms distributed over N sites. "

The Bragg-William approximation

In this approximation F

N
Niw =Nun=g"2 S|

n = number of nearest neighbours interstitial sites

NW” = probability of finding a n. n. around a given H

The energy E of a configuration is

E=¢N, +-n—2
2
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With Stirling’s formula
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Chemical potential
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Solubility isotherms
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T V2 With p,
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and T in Kelvin.
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Example of isotherms
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g, = -436 kJ/molH,
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Sievert’s law
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Example of isotherms
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Hydrogen concentration c,,

To ease the discussion
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Chemical potential

Maxwell construction

100 & [os4

d—e:

L

Pressure latm)

o0 =ff

(]

: L L L
o 0.z [¥] 173 05 0s 07 o
HIPd  Atomie ratia

. | 1000

Chemical potential




P-c isotherms and phase diagram

Coexistence curve
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T[] Heat of solution (reaction)

1000 ?OO ]BO_Q 2.00 150 100
s0— 3
_ &' is the amount of heat received by the system during the
40 ——
- 3 Plateau pressure ction
I of a XH,+M - MH, +5Q°
4 2

metal-hydride

Q¥ < 0 for exothermic reactions

Wlth 5Q¢ > 0 for endothermic reactions.

3 10 . OQ ]
- il V., =1. 7 cm3molH
102 ] @-= 850 K At constant pressure and at constant temperature T=T,,.
3 E oN,, hydrogen atoms are transferred from the gas to the
i metal
10 - 5Qi =T,05 =6H

since H=U+ pV
1000/T [ K ] {Zﬁ Eﬁ

Along the coexistence line At low and moderate pressures
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Van t’'Hoff plots
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Inclusion of thermal and steric effects
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A simple but useful relation

yH:RTIn( S )+eo+gncH Hiu =&+ éenc,
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The interaction cannot be electronic

Potential of charge Ze Ze? o
in vacuum

Potential of charge Ze
in a metal
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Elastic H-H interaction

Hydrogen is an
interstitial

Hydrogen
induces
lattice strains

Displacements, strains and stresses
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Hookes’s law Hookes’s law
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Long range attractive elastic interaction
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Equilibrium of forces

Fo(r+dr/2) F(r+dr)

™ Fo(r+dr/2)
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Equation for displacements u(r) Solution for displacements u(r)
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The general solution of r2ﬂ+2rd7u_2u =0
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T, lowering
in PdH,
films

p [ bar)

Shape dependence of macroscopic hydrogen density
modes

H in alloys and compounds II

uy =KT In( S )+go+gncH

1-c,

leads to Fermi statistics for
HinM

Elastic interaction not site
dependent = depends only
on total concentration ¢
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Multi-site lattice-gas model

H occupies tetrahedral sites formed of (4-j )-Mg and j-\/ atoms.
There are 5 clusters 1<j <5

Multi-site lattice-gas model

H occupies tetrahedral sites formed of (4-j )-Mg and j-/ atoms.
There are 5 clusters 1<j <5
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Limiting cases of the CSRO parameter

random alloy fully segregated
S=0 S=1

Site fraction in a Mgg,V,, alloy

0; = Fraction of sites of type j as a function of s (chemical short range
order) for a certain composition.
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Sloping isotherms
in alloys

H in amorphous metals

Pressure (MPa)
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In amorphous
materials there
IS a continuous

distribution of

site energies
and the
plateaus
disappear
completely




