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A mathematical model of dissolution of gas in a metal is suggested with account of phase formation in 
accordance with the phase constitution diagram (PCD). The stage-by-stage saturation process to the final 
product formation is shown for an individual particle, through which a reaction wave passes, depending on 
the diffusion permeability of the metal and solubility conditions that obey Sieverts's law. The effect of the 
filtration supply of the oxidant to the reaction zone and the process exothermicity on the course of the process 

is shown. 

Metal-oxidant interaction problems attract the attention of researchers involved in the development of SHS 

theory [1-4 ]. 
A porous specimen manufactured by compacting metal particles of a specified size is used as the object of 

study. Its porosity is assumed to be constant during the process. The specimen is placed in a gaseous atmosphere 
with the pressure kept constant. The reaction is initiated by the ignition temperature, kept constant at an end face 
of the specimen, which is substantially higher than the initial temperature of the metal and gas. As the gas was 
absorbed by the metal, the specimen formed low-pressure zones, to which gas was supplied by filtration through 
pores, following Darcy's law. In combustion theory heat release is usually modeled by a relation of the Arrhenius 

type, neglecting the gas dissolution mechanism in the metal. In this study emphasis is placed on processes occurring 

inside the particles compacted to form the specimen. It is assumed here that the specimen has a reinforced side 

surface, the metal particles are small, the compositional distribution of the phases is instantaneous, the gas 
redistribution inside the phases follows a diffusion law, the gas solubility on the particle surface is described by 

Sieverts's law, and gas outflow from the particle is impossible. 
With the above assumptions in view, the process can be modeled by the following system of equations: 
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Fig. 1. Distribution of the oxidant concentration in a particle of radius R at 

successive moments of time (a variable time step): a) evolution of the phase 

composition of the particle; change of the sizes of the regions, in which the 

substance is present in the fl-, (a + fl)-, a- ,  (a + ~)-, and 6-phases, 

respectively; b) the gas-metal interaction with formation of a liquid phase in 

the particle; the concentration graphs for the melt are shown by dotted lines; 

c) dissolution of the oxidant in the metal with a gas deficiency. 

where x and r are the coordinates along the specimen and along the particle radius, respectively; t is the time; T 

is the temperature; v is the filtration rate; c is the concentration; P is the pressure; r/is the transformation depth; 

Pg, Pk, and pO are the gas density, the k-phase density, and the initial k-phase density; ;t is the effective thermal 

conductivity; Dph and D R are the diffusion coefficients in the phases and on the particle surface; v is a geometrical 

factor; Cg and Ck are the heat capacities of the gas and the k-phase; R is the particle radius; Ey is the gas constant; 

CN and Cma x are the initial and admissible concentrations; mn is the porosity; Kph is the filtration coefficient; p is 

lhe molecular weight of the gas;/xg and/~k are stoichiometric coefficients; a T is a coefficient determining the heat 

loss level; qph and qd are the heat effects of phase formation and dissolution per gram of condensed material. The 

initial pressure PN, temperature TN, transformation depth r/N, and ignition temperature Tig are prescribed. 

Adiabaficity at the end faces of the specimen and the mass balance equation at the phase interfaces are used as 

boundary conditions. 
The problem was solved in dimensional form. A mobile nonuniform computational net adapting to the 

solution was used along the x-axis. Along the radius of every particle a nonuniform scale was constructed, taking 

into consideration the phase structure of the material in this particle. Apart from the temperature distribution, 

pressure transformation depth, and phase radii along the specimen, information on the concentration and phase 
constitution of an individual particle at successive moments of time were input to a graph plotter. The diffusion 

coefficients of the intermediate phases a + fl and a + 6 in the present calculations were assumed to be an order of 
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magnitude smaller than those of the main phases r ,  a, and 6. In this case the concentration plot has a stepwise 

form, as shown in Fig. la. As the gas dissolves in the metal and the temperature increases, due to the process 

exothermicity near the particle surface the phases presented in the PCD appear successively, their interfaces being 

displaced toward the particle center with time in the course of dissolution of the gas in the metal. Microsections 
obtained after appropriate experiments show a similar pattern of dissolution of the gas in the metal [5 ]. Having 

passed the reaction front, the particle has a homogeneous phase composition since its whole volume is occupied by 

the ~-phase (Fig. la). 

When the diffusion coefficient increases, dissolution of the gas in the metal follows the same law but occurs 

at a higher rate. 
It is interesting to consider saturation of the metal with the gas, which is accompanied by a somewhat larger 

heat release than in the case shown in Fig. la. In this case, as the particle temperature rises, a meting zone appears 

at the particle center, since the. metal with a lower concentration of gas dissolved in it melts at lower temperatures 

in accordance with the PCD. The melting zone in the particle enlarges with increase in temperature, but as the gas 

concentration increases, more refractory phases are developed, resulting in reduction of the melting zone (Fig. 1 b). 

If the combustion temperature is lower than the melting point of the phase occupying the particle volume after 

passing the front, the whole particle will be crystallized, even though there are no heat losses. 

When the process takes place at low gas pressures and with hindered filtration, the substance in the kinetic 

combustion zone may not be transformed completely. In Fig. lc the concentration graphs for the moments of time, 
at which a particle remains in the kinetic combustion region have a stepwise shape. It should be emphasized that 

the increase in concentration on the particle surface is retarded (in accordance with Sieverts's law). Subsequently, 
as the gas is supplied by concurrent filtration (if the end face, on which the reaction is initiated, is open), 

transformation of the material takes place to full completion. Since the filtration rate in this case is less than the 

diffusion rate, the concentration is leveled throughout the particle volume (the particle is of single-phase 

composition). 
The results of the present numerical analysis are in good agreement with experimental data. 
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