DIAMOND FORMATION BY A SOLID STATE REACTION

Satoru HOSOMI, Yoshiaki NAKAMURA, and Shigeru TANAKA

Tomei Diamond Company, Ltd., 1-3-2 Nishi-Yawata, Hiratsuka, Kanagawa 254, Japan

By using carburized cobalt as a solvent, diamond can be formed under milder pressure-temperature conditions than when
using untreated material. The diamond crystals thus formed have marked (111) faces which had been considered to appear
only at higher P-T conditions. A possible explanation is that the carburized cobalt causes the nucleation of diamond seeds
by a solid state reaction before the solvent is melted, and upon melting, the carbon deposits as diamond on the seeds thus
provided. Such a hypothesis is supported by our observation of diamond synthesis in either hyper-eutectic Co-C or Fe-C

alloy in a solid state.

1. Introduction

It is known in practice that graphite can be
converted to diamond at milder pressures with a
cobalt solvent when it is carburized in advance.

We present the effects of such solvent treatment
on some of the synthesis parameters in order to
confirm that diamond can be formed at tempera-
tures below the eutectic point of the metal and
carbon.

2. Experimental

2.1 Preparation of C-containing metal

a. Carburized cobalt, 0.05 wt% C: Cobalt metal
was heated to 800°C in CO gas for an hour;

b. Hyper-eutectic Co-C alloy, 4.8 wt% C:
Cobalt metal and graphite were mixed together
and arc-melted;

c. Hyper-eutectic Fe-C alloy, 6.3 wt% C: Elec-
trolytic iron and graphite were mixed and melted
at 1600°C.

2.2 Reaction arrangement

Either the carburized metal and graphite or one
of the hyper-eutectic alloys was loaded in a reac-
tion cell, which then was mounted on a tapered
piston-cylinder type high pressure-high tempera-
ture apparatus'.

The experimental conditions are summarized in
Table 1. In each run the specimen was first sub-

jected to the given pressure and then heated electri-
cally, with the temperature maintained for the
given duration. Then power was turned off so the
specimen was cooled down, and the release of
pressure followed.

The experiment was carried out in three groups
of runs, with the following objectives:

1. Confirmation of lowered synthesis pressures
by using carburized Co material;

2. Comparison in morphology of formed dia-
mond by using carburized and untreated Co
materials under substantially identical reaction
conditions; and

3. Recovery of the diamond formed by the
solid state reaction.

3. Results

3.1 Diamond synthesis with carburized cobalt

Figure 1 shows the relation between the yield
and P-T parameters for the runs with the carbu-
rized cobalt solvent. The figure also contains the
results with commercial grade cobalt and nickel
metals for the purpose of comparison.

Figure 2 shows a sectional view of a reaction
product from a run heated to 1250°C at 5 GPa for
5 minutes. In zone “A”, where cobalt had evidently
melted, about 30 um diamond particles were found
which consisted of a number of interjoined crystals.
In zone “B” there was no trace of molten metal,
but fine diamond crystals of less than 10 um were
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5. Conclusion

1. In the experiment in which the carburized
cobalt material was used as a solvent, it has been
found:

i) diamond forms in small particles in the
vicinity of the cobalt-graphite interface when the
metal is yet unmolten. The product consists of
diamond crystals which exhibit cubic and octa-
hedral appearances as well as a variety of combina-
tions of (100) and (111) faces;

i) Some diamond crystals grown in the
vicinity of the Co-C eutectic point also exhibit
(111) faces;

ii) Diamond is formed at lower pressure-
temperature conditions than with the cobalt sol-
vent as untreated.

2. With the hyper-eutectic Co-C or Fe-C alloy
instead, diamond is formed in small particles at a
temperature level far below the metal-carbon
eutectic point.

From the observations set forth above, it is
suggested for a possible mechanism of diamond

formation that in the process where carburized
cobalt and graphite are used and heated together
under high pressure:

1. The carbon solubility limit may be exceeded
due to incoming carbon atoms by diffusion. Then
excessive carbon will be deposited to form nuclei
or diamond seeds through some carbide or inter-
mediate compound by a solid state reaction.

2. At temperatures over the Co-C eutectic
point, diamond deposits on the seeds.
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