
So What Have We Learned?

1. Freely-migrating point defects (interstitials and 
vacancies) aggregate in crystal lattices to form 
extended defects (dislocation loops and voids).

2. Extended defects (dislocation loops and voids) 
are bad because they produce macroscopic 
property alterations such as embrittlement and 
swelling.

3. The best way to achieve radiation resistance in 
a material exposed to irradiation is to enhance 
the mechanism of interstitial-vacancy (i-v) 
recombination. This is a harmless radiation 
damage mechanism because it serves to 
restore the perfect crystal lattice.



Radiation Damage Evolution

Radiation damage is a competition between the harmless 
annihilation of irradiation-induced point defects by i-v
recombination and the harmful condensation of point defects 
to form extended lattice defects such as dislocation loops 
and voids.

These harmless and harmful damage mechanisms are at 
crossed purposes: one works to restore the perfect crystal 
lattice, while the other works to disrupt the lattice by 
introducing detrimental lattice imperfections.

Much of the field of radiation damage research is devoted to 
developing an understanding of the interplay between these 
radiation damage mechanisms (e.g., chemical rate theory).



Fate of Irradiation-Induced Interstitials
(Chemical Rate Theory)
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So how many freely-migrating point defects are produced 
under irradiation conditions?

This is the starting point for assessing radiation damage 
effects.

The rate of creation of freely-migrating point defects 
produced during irradiation is called the production rate.

The production rate of point defects depends specifically 
on the amount of energy transferred to lattice atoms by the 
irradiating species (for instance, energetic ions in an ion 
beam irradiation experiment).



Qualitatively, it is always true that the higher the energy of the 
projectile particle impinging on a solid target, the greater the

number of point defects generated in the target.

To illustrate this point, we show next computer simulation 
results comparing and contrasting point defect 
formation in an oxide compound known as spinel, 
MgAl2O4, for two projectiles with very different kinetic 
energies:

1. 400 eV Magnesium (Mg) ion irradiation of MgAl2O4

2. 10 keV Magnesium (Mg) ion irradiation of MgAl2O4

Each simulation shows a “cascade” of displaced target 
atoms produced by a single incident projectile ion.



The light ion (a) produces a dilute displacement cascade with a characteristic “pearls-on-a-string” geometry. The 
heavy ion (b) produces a dense cascade in which all the atoms in the interior of the cascade are set in motion in a 
process known as a displacement spike.

Examples of light-ion and heavy-ion-induced displacement cascades



400 eV Mg+ ion-induced “cascade” in MgAl2O4
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10 keV Mg+ ion-induced “cascade” in MgAl2O4
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It is interesting that the process of making one point defect in
a solid actually makes two point defects!

The process of producing  a point defect begins with 
knocking one atom off of its lattice site into an interstice in 
the lattice. This produces an interstitial (i) atom.

However, at the same time, a vacancy (v) is produced, 
because the knock-on atom leaves behind an empty lattice 
site.

In some instances, the energy of the projectile ion that 
initiates the knock-on event is sufficiently low that it comes 
to rest following its knock-on collision. It then spontaneously 
fills the vacated site and only one net defect is produced (the 
interstitial). This is known as a replacement collision.



Before displacement After displacement

Frenkel Pair (i-v pair) Formation Under Irradiation



Estimating Frenkel Pair (i-v pair) Formation Under 
Irradiation Using the Kinchin-Pease Formula
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*  Frenkel pair formation is equal to the 
number of displacements produced per 
projectile ion, Nd

The black curve, with calculated points 
displayed as solid circles, shows Nd vs. 
E for 235U irradiations of the actinide-
host oxide, U1Y6O12, based on SRIM
simulations and assuming Ed = 40 eV
for all target atoms.
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