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The development of materials for industrial applications has progressed significantly in the past fifty
years with a movement away from equilibrium processing routes to enable the improvement of
material microstructure, properties, and performance. Initially kinetic effects were exploited through
rapid cooling to produce new non-equilibrium phases like martensite and amorphous phases which
relied on the fact that there was insufficient time during processing for the diffusion processes
needed to create thermodynamically stable structures. Strain energy was used to supplement
thermodynamic free energy to allow such phase transformations. More recently, the use of strain
energy induced by processing has been exploited in other ways to enable recrystallisation and grain
refinement with the aim of reducing grain size in metals to improve mechanical properties as in
thermomechanically controlled-rolled steels. This generated interest in novel high strain rate
processing methods to generate raw materials on a large-scale including ball milling, equal angle
channel processing and short duration energy beam impact methods. Researchers soon discovered
that these processes could produce microstructures that had not been possible previously and it was
possible to exploit these in industrial applications. Mechanical alloying based on ball milling of
powders could be used to make materials from immiscible components which were thought to be
impossible by conventional processing and, for instance, commercial corrosion-resistant alloys with
good creep resistance were soon on the market to exploit this.
One common feature of all these microstructures is they are metastable and can change
considerably by heat treatment or under in-service conditions to produce a range of new structures
which can be exploited further. The tempering of martensite in steel to improved toughness is a
desired example of this but the mechanical stresses in service (in ears and bearings) can also lead to
similar changes in microstructure which is known as martensite degradation which may not be so
beneficial. The formation of amorphous and quasicrystalline alloys in ball milling is another example
where thigs can be advantageous. The high shear mixing of materials in tribological transfer layers
can be either good or bad. The chemistry during processing also has an effect.
This presentation will briefly review the development of processing methods for non-equilibrium
material microstructures focussing on examples of materials which cannot be made by conventional
processing. It will highlight the area where novel materials are made and how the long-term stability
of the structures produced is affected by the chemical environment during processing and service.
This will be illustrated by selected industrial examples.
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