HIGH PRESSURE SINTERING OF DIAMOND BY COBALT INFILTRATION
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Diamond powders with particle sizes in the range from 2-4 to 40-60 um were sintered at a pressure of 6.0 GPa and a
temperature of 1823K by a cobalt infiltration process placing a thin cobalt plate on the diamond powder. The effects of
the particle size of the starting diamond powders on the microstructure, cobalt content and microhardness of the sintered
diamond compacts were investigated. The grain size of diamond in the sintered compacts became smaller than that of
each starting powder. Cobalt content in the compacts decreased from 10 vol% to 3.5 vol% while the microhardness
increased from 59 GPa to 88 GPa with increasing particle size of the starting powders. The specimens obtained at several
stages in the sintering process were examined by SEM, X-ray diffractometry, EDS and laser-Raman spectroscopy to
discuss the sintering process of diamond in the present cobalt infiltration method. The starting powders were crushed
during the pressure-rise stage. The transformation of diamond into graphite was not observed during the temperature-rise
stage. Therefore the sintering process is explained by a solution and reprecipitation mechanism of the crushed diamond

particles. The influence of the particle size of the starting powders on cobalt penetration temperature is also discussed.

1. Introduction

Sintered polycrystalline diamond compacts (PCD)
are widely used as cutting tools, wire drawing dies
and drill bits for rocks. These diamond compacts
are produced by a high pressure sintering tech-
nique using a solvent-catalyst metal such as Co at
a pressure of about 6 GPa and temperatures from
1673 to 1873K. Mixed powder methods" and
infiltration methods®?® using additives such as Co
are well-known high pressure sintering techniques.
The General Electric Company (USA) developed
one of the above infiltration methods at first in
1972 and then industrialized PCD.””” In GE’s
method, diamond powders are sintered and bond-
ed to a WC-Co substrate at the same time by
infiltration of Co from the substrate during the
sintering process. However, details of the high
pressure sintering process of diamond powders by
infiltration methods™*"®" have not been clarified.

In the present study we have developed a new
Co infiltration method by placing a thin Co plate
on top of the diamond powders. A high density
diamond compact with a high wear resistance is
produced by this method. The effects of particle
size of the starting powders on microstructure, Co
content and microhardness of the sintered com-

pacts are investigated. The sintering process in this
method is discussed. In addition, the influence of
particle size of the starting powders on Co penetra-
tion temperature is examined.

2. Experimental procedure

High pressure sintering was carried out using a
modified Belt type apparatus® with a bore dia-
meter of 60 mm as shown in Fig. 1. Samples were
placed in an assembly composed of a solid pressure
medium (NaCl) together with a graphite heater as
shown in Fig. 2; the details will be described later.
The sample assembly, set in the high pressure
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Fig. 1. Schematic section of high-pressure apparatus.
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3.6 Sintering temperature

Figure 8 shows the relationship between the
particle size of the starting powders and the mini-
mum sintering temperature (at which the diamond
powders are penetrated sufficiently by Co-C
eutectic liquid and sintered completely at 6.0 GPa).
The minimum sintering temperature increases
slightly with a decrease in particle size of the
powder smaller than 3-6 ym in the range from
1793K to 1813K. This suggests that the fine
powders need the lower viscosity of a Co-C liquid
phase to be penetrated sufficiently.
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Fig. 8. Minimum sintering temperature (at which the dia-
mond powders are sintered completely at 6.0 GPa) vs particle
size of the starting diamond powders.

4. Summary

Sintering of diamond powder by a Co infiltra-
tion method was investigated and the sintering
process was discussed. The grain size of diamond
in the sintered compacts is smaller than that of
each starting powder because of crushing of the
particles during the pressure-rise stage. The bond-
ing of the diamond grains is mostly direct diamond-
diamond bonding. The Co content in the compacts
decreases as the particle size of the powders in-
creases and ranges from 10 vol% to 3.5 vol%
according to the particle size. The Knoop hardness

of the compacts increases from 59 GPa to 88 GPa
with an increase in the grain size. The formation of
diamond-diamond bonding is explained not by a
graphite-diamond conversion mechanism but by
the solution and reprecipitation mechanism of
diamond. The sintering process is accelerated by
the crushed fine particles generated in the pressure-
rise stage. During the temperature-rise stage a
solid phase sintering of diamond proceeds by
plastic deformation of the particles. The minimum
sintering temperature increases slightly with a de-
crease in particle size of the powders to smaller
than 3-6 um.
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