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SHOCK DEFORMATION AND MELTING IN THE SILICATE-METAL POWDER 
MIXTURE. 

N.Hirata,l K.Kurita,l and T.Sekine2 (1)Geoscience Institute, University of Tsukuba, Tsukuba, Ibaraki 305, 

Japan, (2)National Institute for Research in Inorganic Materials, Tsukuba, Ibaraki 305, Japan. 

The shock property of silicate-metal mixture, which is common state in the early solar system, 
has been investigated. This state is highly complicated because the shock impedances of silicate 
and metal are quite different. Furthermore, this complexity is more enhanced if the mixture has 
porosity [I]. Shock induced compaction, melting and resultant sintering, control the mechanical 
properties of the planetary building materials. From this stand point, we have conducted shock 
experiments on silicate and metal powder mixture to see the change of texture, particularly focusing 
on shock induced melting and deformation of metal grains. 

Experimental Methods: 
All experiments were conducted by using a single-stage propellant gun at National Institute for 

Research in Inorganic Materials. The starting material for experiments is a powder mixture of mantle 
peridtite and sponge metal (Fe and Ni), of which the mixing ratio is peridtite:Fe:Ni=7.0:2.7:0.3. 
The sample (max grain size:- 100pm) was charged in metal container with porosity. To observe the 
variation of sample texture with shock pressure, five experiments at different shock pressures 
(22,31,42,5 1,68GPa, porosity: -35%) were carried out. In order to see the effect of initial porosity 
on the melting an experiment with high porosity (61%, shock pressure: 44GPa) was also conducted. 
Shock pressures were estimated based on the impedance match method from the velocities of a 
flyer (1.1-1.8km/sec) and the shock impedance of the container and the flyer. 

Results: 
The recovered samples were cut along the direction of shock wave propagation and examined 

by a scanning electron microscope (SEM). The sample at 22GPa shows only compaction texture, 
but other samples display various degrees of shock melting. Melting state is clearly recognized by 
the morphology of metal phase, as well as the grain boundary texture of silicate phase. In the 
sample of 3 lGPa, the amount of shock melts is very limited and it is highly localized in long shock 
veins [I], which grow from front to back of the sample. Metal phase in this region has a spherical 
shape [2]. In the samples with higher shock pressure, the amount of melt increases in accordance 
with the peak pressure, and it spreads all over the sample space. The sample with higher porosity 
(61%) shows extremely large amount of melting. 

The deformation of metal grain is evident in the series of different shock pressure. The shape 
of metal grains in pre-shocked sample is simple or slightly elliptical. At low shock pressure (22GPa) 
the metal grains are elongated between silicate grains, at higher shock pressure aspect ratios of 
metal grains increases (31GPa). The complexity of the shape of metal phase seems to be larger at 
higher shock pressure. In the highest pressures (42-68GPa) or the large porosity, where the degree 
of melting is high, the shape of metal grain becomes spherical because the shape of molten metals 
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in silicate melt is controlled by the action of surface tension. Fig. 1 shows a successive variation of 
the morphology of metal phase with shock pressure. X axis of the each diagram represents the size 
of metal grains, y axis represents the complexity of the shape of metal grains; shape parameter, 
given by I J ~ s  where L is the perimeter and S is the area of the section of grain. The value of shape 
parameter becomes minimum to 3.54 (=2/.\Ix) on spherical grain, and increases with the shape 
complexity. 

Orientation of the elongated metal grains shows a systematic variation with the shock pressure. 
The metal grains in pre-shocked sample is oriented at random. In shocked samples, concentration 
of the elongation axis to the perpendicular plane to the shock wave propagation is clearly recognized 
(2242GPa). This suggests high ductility of metal phase promotes the dynamical compaction process. 
As the number of the spherical grain increases when melting becomes evident, concentration of the 
orientation becomes to be vague (51-68GPa, 44GPa). 

References: [I] D.Stoffler et al. (1991) GCA, 55, 3845-3867. [2] D. W.Sears et al. (1984) 
GCA, 48,343-360. 
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