Combustion waves: theory and experiment
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The methods of materials synthesis using combustion or Combustion Synthesis (CS) (Self propagating
High temperature Sythesis (SHS), Thermal Explosion (TE)) allow obtaining the materials with different
properties [1,2]. Combustion synthesis processes are characterized by high-temperatures, fast heating rates
and short reaction times [3]. This is interested for the technologies of intermetallic or composite coating
deposition. Today this is interested for the development of Additive Manufacturing (AM) technologies [4-6].
When electron-beam is used for intermetallic coating or detail formation, the features appear [7,8].

In this paper, the some models of authors are discussed applicable to electron beam melting of metals
forming intermetallic phase and composite formation controlling by electron beam.

Firstly, the possibility of self-propagating mode under the conditions of coating synthesis on substrate is
presented. The kinetics of exothermic reaction is described in this model by summary reaction scheme;
however the coupling between mechanical and thermal processes is taken into account. The problem on
stationary reaction front propagation is solved analytically using asymptotic method, similarly to [9,10]. The
simplest model is generalized further to composite synthesis when reaction mixture contains inert inclusions.

When green powder mixture is low—energy, self-sustaining mode is not possible. However, using
electron-beam one can use to control the synthesis. The corresponding model includes thermal conductivity
equations with two heat sources — from electron-beam heating and from chemical reaction. Different variants
of the model are studied in [11-13], where the coupling effect was shown on the coating composition
formation under electron-beam controlling taking into account the detailed reaction kinetics; the phase
formation in the melting pool during particle dissolution in direct metal deposition technology was
demonstrated; critical phenomena dividing the composite and homogeneous coating formation were
detected.

During recent years, the models with detailed kinetics were refined to take into account shrinkage
effect. It was demonstrated, for example in [14-16], that similar model obey prognostic properties and can
predict irreversible composite change during coating and objects formation in AM-technologies.
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