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The process of diamond formation from amorphous carbon has been studied at high static pressure. The amorphous
carbon is prepared from furfuryl alcohol resin and is graded according to the preparation temperature. Each graded
amorphous carbon crystallizes into graphite at temperatures higher than 450°C, followed by the formation of diamond
above 1120°C (>10 GPa). The temperature for the diamond formation is strongly dependent on the grade of the
amorphous carbon. The diamond formation commences prior to three-dimensional ordering of the graphite structure.

1. Introduction

The study of non-catalytic diamond formation
under static pressure is of both scientific and
technological interest: for instance, a wide variety
of carbonaceous materials can be studied, exhib-
iting quite different behaviors’, and the study is
relevant to the sintering of polycrystalline diamond
without binder(s).

Among the carbonaceous materials studied,
glassy and amorphous carbons form metastable
graphite”™ in the pressure-temperature regimes
where diamond is thermodynamically stable. The
metastable graphite is converted into diamond
upon increasing pressure and/ or temperature. This
paper describes the process of graphitization and
diamond formation from amorphous carbon,
known from in-situ resistance measurement as well
as from post-compression Raman spectroscopy
along with X-ray diffractometry and electron
microscopy.

2. Experimental

Amorphous carbon starting samples were pre-
pared by firing furfuryl alcohol resin under N> gas
at various temperatures between 700 and 1000° C.
The amorphous carbons thus prepared were differ-
ent from each other in X-ray diffraction profile

and electrical resistance according to the prepara-
tion temperature*. Hence, the starting samples can
be graded in terms of the preparation temperatures.

Each amorphous carbon sample was enclosed in
an octahedral cell, shown in Fig. 1. The cell was
pressurized by an octahedral-anvil device”. Pres-
sures generated were estimated from fixed points®”
with an uncertainty of £0.8 GPa below 15 GPa.
The samples were heated at fixed pressures by
passing an alternating current through them, and
the current-voltage relation was measured through-
out the entire course of each experiment to know
the graphitization and diamond formation as well.
Temperatures were monitored by a Pt-Pt/Rh
(13%) thermocouple with reference to the melting
point of Ag at 15 GPa®, and were believed to be
correct within +40°C at temperatures around
1600° C.
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Fig. 1. Octahedral sample cell.
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Fig. 6. Raman spectra for the starting sample and the samples
retrieved from 15 GPa and various temperatures.

retrieved samples all show that, while our amor-
phous carbon is heated at 15 GPa, diamond is
formed prior to the completion of graphitization.
Furthermore, Figure 4 shows that the diamond
formation temperatures for the amorphous carbons
(except for that prepared at 700° C) are significant-
ly lower than the 7, from spectroscopic graphite,
which is believed to be well-ordered.

It is likely from the above discussion that dia-
mond in this study is formed, although not fully,
from species other than graphite. Since the T4’s are
strongly dependent on the amorphous carbons

preparation temperatures, the species responsible
for the diamond formation should be in the amor-
phous carbon. This could be interpreted by a
picture'®'" that amorphous carbon is composed
of non-graphitizable and graphitizable species; the
non-graphitizable species reflecting the preparation
temperature and hence governing the grade of
amorphous carbon is presumably responsible for
the diamond formation. It is then likely that the
diamond formation in this study proceeds directly
from the starting amorphous carbon.
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