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Abstract 

Plasma Immersion Ion Implantation (PIII) is one of the new experimental and technological methods that allow modifying Mg-based 
alloys and obtaining materials with novel characteristics. The calculations were based on the density functional theory. According to the 
suggested concept, a two-stage model of the ion-induced phase transition is proposed. In the model the adiabatic approximation is used 
that means that the penetration of the implanted ions into the host lattice leads to "immediate" excitation of its electronic subsystem, while 
the changes in atomic configurations occur later.  

 

At the first stage, the implanted system is in a condition that can 
be defined as the intermediate state (IS) that corresponds to the 
strongly non-equilibrium state of the parent phase. The 
rearrangement of the atoms occurs at the second stage of the 
transition due to the changes in the electronic states. Such 
atomic rearrangement corresponds to formation of a new phase. 

The approach described above was used for a study of 
PIII-induced phase transformations in two cases: (a) A Mg 
matrix implanted with the ions of Ag and (b) A Mg-Al 
system implanted with the ions of Ag. In both cases, our 
results have shown that dependence of calculated electronic 
characteristics of the implanted material as a function of the 
dose of implanted ions can be used for prediction of 
conditions favoring the formation of new structure.  

A parameter E∆  was introduced that shows how far the 
initial non-equilibrium state is from the quasi-relaxed state 
of the system. We have shown that a good correlation 
between the value E∆  calculated for different concen-
trations of implanted ions and the conditions of formation of 
the phases linked to ion implantation exists.   

In the case of PIII of Ag ions into the Mg17Al12 compound 

it was found the mechanism of the transformation of Mg17Al12 
into a new phase with a composition of Mg54Al28Ag18. 
Formation of the new phase in the form of nanoparticles is 
explained using the concept of thermal spikes. 

A qualitative explanation of the formation of second 
phase particles within the implanted matrix can be given as 
follows: a liquid nano-size droplet of Mg-Ag melt forms as a 
result of excitation of the spike; the droplet quickly cools and 
at the end of the spike lifetime it may be considered as a 
metastable super-cooled liquid within which 20–100 atomic 
oscillations have occurred. These oscillations are sufficient to 
displace atoms towards their new positions in a new 
intermetallic structure, which is formed during solidification.  

The described model of the formation of finely dispersed 
intermetallic particles may explain the results of hardening 
of surface layers using PIII technology. Following this 
model we may assume that by controlling the energy of ions 
used in PIII treatment it will be possible to effectively vary 
the size of nano-particles, thus tailoring the mechanical 
properties of the implanted layers. 
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