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Single crystals of diamond were melted at 6 to 18 GPa in a 6-8 anvil type high-pressure apparatus using flash heating by a
bank of capacitors. Samples of boron-doped semiconducting diamond were heated directly by the discharge current. The
melting behavior was determined by measurement of the resistance change with the inserted energy and the observation of
the quenched phases and their textures by X-ray microdiffraction and scanning electron microscopy. The liquid carbon
formed is metallic and the resistances show little dependence on pressure within the range of 6 to 18 GPa, while it was
suggested, from the pressure dependence of the inserted energy required to melt it, that the melting line of diamond has a
positive slope. At 18 GPa, the liquid carbon was segregated into metastable graphite, which formed an oblate spheroid
region and contained a small amount of diamond, and the diamond, forming a crust surrounding the graphite. The
diamond resolidified from the liquid is a polycrystalline aggregate with a radial texture similar to ballas-type natural

diamond.

1. Introduction

Since the original work of Bundy'), the melting
of carbon at high pressure is a topic that has been
of much interest over the past three decades and
has been studied as a function of temperature and
pressure by many researchers. However, major
uncertainties remain today about the melting of
diamond and the properties of liquid carbon.

Bundy proposed the melting line of diamond
with a negative slope’’, combining the graphite-
liquid-diamond triple point determined in his
experiments with the results of shock wave experi-
ments by Alder and Christian”, which were later
shown to be incorrect’”. A negative slope of the
melting line of diamond has been questioned as to
both experimental results”® and theoretical argu-
ments” ™,

Recently, a positive slope of the diamond melting
line has been suggested from the experiments on
the laser pulse heating of diamond in a diamond
anvil cell” and the measurements of sound velocity
and electrical conductivity in shock-compressed
graphite®. These experimental results are consis-
tent with the theoretical phase diagram of carbon
by Young and Grover'” and van Thiel and Ree'",
and also the theoretical work of Yin and Cohen?,
who predicted that the diamond phase dominates

the phase diagram of carbon.

The purpose of this study is to investigate the
melting behavior of diamond and the resolidifica-
tion of liquid carbon.

2. Experimental

The experiments were carried out at pressures of
6 to 18 GPa in a 6-8 anvil type high-pressure
apparatus, using flash heating by discharging a
bank of electrolytic capacitors. In order to heat
directly by the discharge current through the
diamond, boron-doped semiconducting diamond
was used as the starting material and was also
preheated to make the initial resistance further
decrease. Table 1 shows the boron concentration,
resistivity and dimension for two kinds of single

Table 1. The boron concentration, resistivity and dimension
of diamond used

Boron . . .
. Resistivity Dimension
Sample concentration
(Q-cm) (mm)
(ppm)
SBC 10 ~200 =1 ~0.5~x~0.3x~0.7
fragment
TC 100 20~30 2~3 0.5x0.5x1.4

rectangular
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