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The necessary conditions of zirconium diboride shock synthesis and laws of physical and chemical behavior of multicomponent chemical reactive powder systems such as Zr-B during dynamic compression are researched. Mathematical model is represented by nonstationary problems of thermal balance, shock modification of powder material, forced filtration, macrokinetics of chemical conversions. For reactive powders the transition of the dynamic compression regime from viscoplastic densification of a powder compact to consolidation of a porous suspension of particles is a governing factor in the physicochemical processes of shock synthesis.
A simulation of the behaviour of a reactive powder medium layer, which provides a basis for the solution of adjoined problems of heat balance, powder body shock modification, filtration of the melt of low-melting component, and macrokinetics of chemical conversions in the framework of the continuous-discrete approach is used [1]. 
The initial pressing of metal powder ensures the formation of bonds between particles, thus the approach of porous media mechanics can be applied in the simulation of mechanical behaviour of a powder body. The thermodynamics of shock compression determines the amount of shock pulse kinetic energy expended to modification a powder body in a static and a dynamic mode and defines different stages of the micromechanics of the porous medium plastic deformation process. Intensive heating can lead to the melting of the low-melting component. In this case, the reactive layer is considered a liquid-saturated skeleton formed by solid components and reaction products, in which the flow of liquid-phase component becomes possible. 
The macrokinetics of chemical transformation is represented by a multilevel Arrhenius type model of reaction cell described in [1]. The processes of plastic deformation and destruction of particles' boundary layer leads to the increase of the reactivity of components – mechanical activation [1]:

The peculiar behaviour of the powder material that does not form a solid skeleton during the physicochemical transformations may manifest itself in their specific reaction to the increase in the intensity of mechanical impact. Firstly, as shock impulse amplitude increases, the reaction yield rises but, later, it can reduce almost up to zero [2]. In order to explain this phenomenon, we have to introduce an additional structural level of physical simulation of reactive powder material – the level of a powder particle.

It is believed that the hypothesis on the homogeneity of powder medium micro-volume state does not apply to a volume of a single powder particle. The intensity of shock-induced chemical reactions is explained by the mechanical activation of mixture components, which, in its turn, is determined by the plastic deformation of crystal structure and the destruction of the boundary layer of powder body particles during the shock-induced pore collapse. During the plastic deformation and initiation of exothermal chemical transformation, particles are heated unevenly through their thickness; if the temperature of the boundary layer of particle material approaches the melting point, the material ceases to compact as a porous deformed body. It creates the opportunity for changing the powder medium internal friction mechanism of at least one of reactive components. Provided an intensive mechanical impact, it can take place as early as the first moments of shock transition and lead to the compaction of powder compact, which results from the re-packing of powder particles without significant lattice distortion. Such compaction reduces the degree of mechanical activation of powder mixture and makes impossible the shock initiation of chemical transformation in the whole volume of reactive components. 
This approach is applied to the study of the compaction processes of Zr-B mixtures, since a solid phase skeleton is not capable of resisting shear loading due to close melting temperatures of components. If the condition of the change of internal friction mechanism is met, the viscoplastic compaction of hard deformed powder body transform into a nonlinear viscoplastic flow of concentrated suspension of interacting particles, which is characterised by a higher flow velocity and the termination of the process of reactive component mechanical activation. 

To assess the probability of the mentioned change of internal friction mechanisms and the satisfaction of conditions of shock initiation of chemical transformations in every microvolume (micro-layer) of model powder mixture, we analyse the probability of melting component particles' boundary layer. On the basis of the analytical solution of the problem of particle heating for each microlayer, we estimate the thickness of melted particles boundary layer as a result of plastic deformation and the thermal effect of chemical transformations. The effective viscosity of microlayer suspension depends on the melt concentration. The achievement of effective viscosity of a critical value is considered as a criterion of powder support instability.
The conditions of shock initiation of chemical transformations in the model sample of Zr-B powder mixture characterised by the macroscopic heterogeneous structure of initial components was studied. The shock loading of powder mixture layer is simulated by a macroscopic flat pulse with an amplitude Pf  = 10 GPa ÷ 20 GPa. The powder layer is represented by a sequence of two reaction cells with different value of concentration inhomogeneity parameters. 
Figure 1 shows the dependence of the mass fraction of reactive mixture components on synthesis duration. It allows us to draw a conclusion that for homogeneous mixture the amplitude of a Pf=15 GPa shock pulse provides a sufficient basis to expect a about 70% yield of shock induced reaction, while a Pf=17 GPa shock pulse allows us to predict an almost zero chemical transformation of reactive components. Same effect is realized in the smaller parts of reactive cells of inhomogeneous mixtures.

[image: image1]
Fig 1. The productivity of the shock synthesis processes Line 1 – b/a=1,2 (homogeneous mixture); Line 2 – b/a=1,25; Line 3 – b/a=1,3; Line 4 – b/a=1,35.
The degree of mechanical activation of Zr-B mixture reactive components plays the key role in the satisfaction of the conditions of shock initiation of chemical transformations. For the considered macroscopically heterogeneous powder mixture, shock initiation is possible in the areas with an excess of refractory component. The change of internal friction mechanism is key feature of zirconium diboride shock synthesis.
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