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Diamond compacts consisting of nano-size grains with a size of a few tens of nanometers—we should call the material
“nanocrystalline compact of diamond”—has been made without any sintering additives via a shock compaction method
which is based on the skin model established by Kondo er al. The model is derived through characterization of the
shock-compression state via various techniques for in sizu observation such as flash X-ray diffraction analysis, shock-
induced radiation spectroscopy and thermoelectric power measurements. According to the model, we have regulated the
thermally heterogeneous shock-compression state through adjusting the average particle size of the powder and its size
distribution. When using monocrystalline powder, we have produced diamond compact without cracks. The compact has
a fine and homogeneous grain size microstructure of less than 1 um. A nanocrystalline compact has been produced by the
same means using a similar size of polycrystalline fine powder which was shock-synthesized. It is evident that
submicrometer powders should be employed to obtain homogeneous microstructure and prevent cracks.

1. Introduction

When a shock wave propagates into a powder
material, the constituent particles are progressively
rearranged, deformed and/ or fractured, and exten-
sively strained, all within the shock front. A shock
compaction utilizes the above disruptive forces
within the shock front and, moreover, bonding
forces due to high stresses and high temperatures
in the shock duration. Since the total energy
required to complete the process is much lower
than in conventional static processes, unstable
materials such as diamond and amorphous metals
can be consolidated without crystal growth, with a
unique microstructure due to pulverization effects
and rapid chemical reactions. However, since dia-
mond is much harder than any other material and
is stable only at high pressures, it is necessary to
regulate the shock condition more precisely than
in other cases, such as metals or other ceramics.

Several investigators have tried to shock-consoli-
date diamond powders with and/or without addi-
tives, and have obtained partially consolidated
compacts with a heterogeneous microstructure
resulting in different degrees of hardness and many
cracks' ™. They have not obtained a solid compact
as bulk material. It has been, moreover, difficult to

consolidate fine diamond powders less than 1 um
in diameter because of severe graphitization.
Generally speaking, the mechanical strength of
sintered material, for example, ceramics, increases
with decreasing grain size in the microstructure,
but ceramics with nano-size grains are difficult to
fabricate through traditional sintering techniques.

Thus, we have tried to shock-consolidate extreme-
ly fine diamond powders, as based on the skin
model proposed by Kondo e? al.®" In this paper,
we briefly describe the skin model, a theory of
shock compaction, and the background of knowl-
edge on the heterogeneous shock state character-
ized via various in situ observations by Kondo and
co-workers®'”. Moreover, we describe how to
produce a nanocrystalline compact of diamond
along the skin model.

2. Derivation of the skin model

Shock compaction is usually performed by
propagating a strong shock wave through a powder
encapsulated in a metallic container, with the
shock wave generated by high-velocity impact of a
flyer or by explosion. The shock compaction is,
therefore, rather simple in practice, because it is
only a jump from the initial state to the shock
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