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Boron nitride has two representative crystal structures which are known as
cubic boron nitride (cBN) and hexagonal boron nitride (hBN) [1]. hBN has a structure
and properties similar to graphite. It is one of the most popular dry lubricants available
today, due mostly to its lubricant properties and its inertness to molten metals and salts
[2]. On the other hand, cBN has the same crystal structure as diamond. Therefore it has
an extremely high hardness which is next only to the diamond [3, 4]. The extremely
high hardness makes cBN be an excellent material of abrasives and cutting tools [5].
Since the property of material depends on its microstructure, here we will perform a
detailed microstructural characterization of cBN to investigate the factors which
influence its hardness.
In this study, we comparatively investigated the microstructures of two kinds of
cBNs which were sintered under high pressure and high temperature at the National
Institute of Materials Sciences (NIMS, Japan). The starting materials used were
commercial cubic and hexagonal BN powders, respectively. The thin c-BN section for
TEM observations were prepared by using the standard ion-milling technique. The
ion-milling process will not change the microstructure of cBN. HRTEM observations
were performed using a JEOL-3000F HRTEM. EELS analyses were carried out on a
Cs-corrected JEM-2100F equipped with Gatan Image Filter (GIF).
The cBN sintered by cubic BN powder was fabricated at a pressure of 5 GPa at
1773 K (Namely, we call it cBN-5 GPa); and the polycrystalline cBN by hexagonal BN
powder was sintered at 12 GPa at 1973 K (namely, cBN-12 GPa). The Vickers hardness
of cBN-5 GPa was much lower than that of cBN-12 GPa. TEM characterizations
revealed that the coarser grain size and twin width of cBN-5 GPa were two factors for
its lower hardness, compared to those of cBN-12 GPa. HRTEM investigations
suggested that the grain boundaries of cBN-5 GPa and cBN-12 GPa were both free from
amorphous layer and any secondary phase. There was no obvious difference between
the grain boundary microstructures of these two polycrystalline cBNs. EELS
measurement revealed that there was oxygen segregation at the grain boundary of
cBN-5 GPa. However, oxygen could not be detected at the grain boundary of cBN-12
GPa. The purity of cBN-12 GPa was higher than that of cBN-5 GPa. First principles
calculations suggested that the oxygen segregation at the grain boundary of cBN-5 GPa
may be another reason for its lower hardness.
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FIG. 1. Bright-field images of cBNs. (a) cBN-5 GPa, (b) cBN-12 GPa. It is obvious that the grain
size of cBN-5GPa is larger than that of cBN-12 GPa.

FIG. 2. HRTEM images of cBNs. (a) cBN-5 GPa, (b) cBN-12 GPa. The grain boundaries of cBN-5
GPa and cBN-12 GPa are both free from amorphous layer and any secondary phase. The images are
taken from [110] zone axis.

