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The strength of moissanite
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ABSTRACT
The yield strength of moissanite was investigated at pressures up to 18.3 GPa and temperatures up
to 1200 ∞C by analyzing the peak shapes of diffraction lines from a powder sample. At room temperature, the moissanite crystal behaves elastically with increasing pressure up to 13.7 GPa. At higher
pressures applied, the sample is yielded; the yield strength of moissanite is determined to be 13.6 GPa.
Upon heating at 18.3 GPa, significant stress relaxation is observed at temperatures above 400 ∞C, and
the yield strength of moissanite decreases rapidly from 12.8 GPa at 400 ∞C to 4.2 GPa at 1200 ∞C. Such
behavior will place severe limitations on the use of moissanite as an anvil material when external heating is desired for high pressure and temperature experiments.

INTRODUCTION
Moissanite, a hexagonal silicon carbide compound, has
recently been demonstrated to be, in many aspects, complementary to diamond, thus providing a promising window for
high-pressure experiments (Xu and Mao 2000). Diamond,
moreover, has limited availability and very high cost, which
restricts high-pressure samples to microscopic volumes (10–13 to
10–16 m3). Large, gem-quality, single-crystals of moissanite have
recently become available; a scaled up diamond anvil cell
(DAC) design with such large moissanite anvils will be suitable
for compressing millimeter-sized samples to 50 GPa and will
allow sample volumes 1000 times greater than those allowed in
a typical DAC. A significant increase in the sample volume
makes possible additional types of analysis, such as neutron diffraction, neutron scattering, inelastic X-ray spectroscopy, and
ultrasonic interferometry. Moissanite is thermally stable up to at
least 1127 ∞C when heated in air (Xu and Mao 2000), whereas
diamond shows surface oxidation above 627 ∞C and burns
above 847 ∞C (Fei and Mao 1994). In this regard, the moissanite anvils are believed to be particularly useful for high pressuretemperature experiments with resistive heating.
To evaluate the applications of moissanite anvils to high
pressure-temperature research, one requires knowledge of the
strength of moissanite, which is one of the fundamental properties that control the resistance to plastic deformation. In particular, the temperature dependence of the yield strength will

define limitations on industrial applications of moissanite, if
high temperature condition is desired, and on its use as anvil
material for high-pressure experiments with external heating.
Here we report results of stress measurement on moissanite at
high pressure and temperature.

EXPERIMENTAL METHOD
Analysis of peak width is a common technique used to determine stress in metals and alloys (e.g., Westwood et al. 1995). In
this study, we use the principles outlined by Weidner et al.
(1994a) and Weidner (1998) to obtain information on stress and
strength in powdered samples from X-ray diffraction signals.
Following this method, deviatoric stress is introduced by compression of a powder sample and owes its origin to local stress
concentrations that are necessary to accommodate the grain to
grain contact. The effect of this microscopic deviatoric stress
field is the broadening of diffraction lines, and the amount of
line broadening is an indicator of the distribution of longitudinal elastic strain distribution parallel to the diffraction vector
(Weidner et al. 1994a). The width of the diffraction lines is a
convolution of the instrument response, sample response function, and the longitudinal elastic strain parallel to the diffraction
vector. By assuming that the ambient diffraction data include
the first two of these, we can calculate the full-width-half-maximum differential strain for Gaussian distribution at elevated
pressure and temperature, which is given by
e = (1/E)[Wo(E)2 – Wi(E)2]1/2
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(1)

where E is the X-ray photon energy, Wo the observed peak
width at a given experimental condition, and Wi the instrumen1005

