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Good quality synthetic diamond, up to 11.14 carats in weight, has been grown by a reconstitution technique. This
diamond has been processed into cutting tools, wire drawing dies and diamond anvils and subjected to application testing.
As a result of growing diamonds of reduced nitogen content, it has been demonstrated that diamond may be used as a
radiation detector, in a pulse counting mode, with the present detection limit of 1 uGyh™'. Boron-doped, low nitrogen
diamond has been shown to have attractive features as a thermoluminescent dosimeter.

1. Reconstituted diamond growth

Commercially, most synthetic diamonds are
grown from graphite in the presence of solvent/
catalyst metals such as iron, cobalt and nickel or
alloys of these elements. At synthesis conditions,
typically 1450°C and 5-6 GPa, diamond crystal-
lizes in different habits and at rates as determined
by the internal cell pressure and temperature.
Diamonds nucleate at the graphite-metal interface
and are surrounded by reservoirs of metal. The
rate of growth of diamond, using this technique, is
determined by the solubility difference of carbon
at the graphite-metal and metal-diamond interfaces
at a fixed temperature. Diamonds of approximate-
ly 1 mm in size can be grown.

Large diamonds are best grown using a reconsti-
tution technique, where diamond is used as a
source of carbon. In this technique” diamond is
dissolved in a hot region and crystallized in a cool
region of the solvent/catalyst. The driving force
for growth is provided by the difference in solu-
bility of carbon at the hot source region and the
cooler nucleation site.

A schematic reaction cell for synthesizing re-
constituted diamond is shown in Fig. 1. A useful
axial temperature gradient is established by manipu-
lating the distance between the diamond source
and nucleation pad, and at constant cell pressure
determines the growth rate and hence the quality
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Fig. 1. Schematic reaction cell for synthesising reconstituted
diamond.

and size of the grown diamonds. In practice two
cool regions exist, one at each end pad of the
reaction cell. However, small, well-formed dia-
mond seeds, which act as templates for new diam-
ond growth, are only placed on the bottom nucle-
ation pad since controlled growth is difficult to
achieve on the top insulation pad.

For a reaction cell pressure of about 5.5 GPa,
the temperature at the diamond source is about
1450°C. The solubility of carbon in the solvent/
catalyst carbon eutectic increases with pressure.
The top solvent/catalyst bath is agitated by convec-
tion and soon saturates with carbon. Below the
source, carbon is transported mainly by diffusion
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stage of development, have been space charge
effects which have resulted in a decrease in sensi-
tivity with time, and electronic noise from the
pulse-counting circuitry. Contact to the diamond
surface was made by carbon-ion implanting the
surface and attaching leads with silver-loaded
epoxy. It has also been found synthetic diamond
can be used as an ionization chamber for high dose
rate measurements in a radiotherapy environment”.

3. Conclusion

A summary of the growth of diamond by re-
constitution has been given and it was indicated
how the De Beers Diamond Research Laboratory
have used this synthesis technique to grow dia-
monds up to 11.14 carats in weight. Smaller
diamonds of about 0.1 carats in weight have been
successfully used to draw wire of non-ferrous
metals like aluminium and copper. The perfor-
mance of these diamonds in the drawing of
austenitic stainless steel wire depends markedly on
the direction of piercing of the diamond die.

Large synthetic diamonds greater than 1 carat in
weight have been manufactured into cutting tools
for the turning of precious metals, profiling of
silicon carbide grinding wheels and the machining
of aluminium/silicon automotive parts. Specialist
tools, namely microtome knives, fibre optic cleav-
ing knives, diamond anvils and surgical blades
have been polished from high quality synthetic

diamond, greater than 2 carats in weight. Edge
imperfections on the surgical blades were typically
less than 1 um in size.

By reducing the nitrogen available to the grow-
ing diamond during synthesis, low nitrogen con-
taining diamond could be produced. The addition
of boron to the diamond lattice (nitrogen <20
ppm, boron <10 ppm) has enabled the diamonds
to be used for thermoluminescent dosimetry. Low
nitrogen diamonds (nitrogen <10 ppm) have also
been used to detect y radiation with a sensitivity of
1 uGyh™ in a pulse-counting mode. Synthetic
diamonds have also been used as ionization
chamber detectors, in a direct current mode, for
monitoring dose rates.
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