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h-BN — w-BN phase transition under dynamic-static compression
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Shock compression has been known to induce phase
transitions in solids since 1956 [1]. The synthesis of
dense forms of BN is an application of this concept:
it presents  considerable  technological  potential.
Many investigations  have been made on BN
polvmorphic transition under static and dynamic
compression [2-6]. In 1967. Adadurov er «al. [3]

obtained hexagonal BN (h-BN) transformed 1o
wurtzite: BN (w-BN) under shock compression

(~20GPa). Akashi er al. [6] performed shock
compressien in the range 60-200 GPa on w-BN
and zine blende (z-BN) and found w-BN — z-BN
phase transition around 100 GPa. w-BN — graphite-
like BN (g-BN) and z-BN — ¢-BN above 100 GPa.
The objective of this letter is to report results of the
applicaion  of the dynamic-static  compression
(DSC)Y method developed by Batsanov [7] to the
phase transition of h-BN: the microhardness. X-rav
analvsis and microstructure are also discussed.

The experimental set-up used is shown n Fig. la.
The capsule. filled with KBr. ensures static pressure
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after the dynamic (shock) compression. For dynamic
loading an explosive with a detonation velocity of
7.85kms™" was used. while the static pressure was
maintained by the B2 — BI phase transition in KBr
(an active component of the working body) during
unloading. This is shown in Fig. 1b. The evolution of
shock-wave velocity g along the axis of the capsule
(~3 mm) measured by ultrafast photo-registrator, is
shown in Fig. 2. The dvnamic pressure in the
working body during shock-wave propagation from
the top to the bottom of the capsule changed from 4
to 247 GPa. The distribution of dynamic pressure on
the top of the capsule with h-BN was measured by
manganese gauges. It was 247 GPa at the centre, and
decreased to 19 GPa at the periphery.

After shocking the capsule and extracting the
specimen.  the sample  was  studied by various
physico-chemical methods. The density of the spec-
imen  was  measured by picnometry, yielding

*. Vickers microhardness measured on

325 gem™.
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Fivre 2 Evolution of shock-wine velociy g along the oy hindrical
anis from the 1op (f = 0) 1o the bottom (/= 33 mm) of the capsule.

different: average 3100 for the top and 4400 at the
bottom. The difference in the microhardness between
top and bottom surfaces is due to the different
pressure during shock compression. Fig. 3 shows the
hardness distribution on the top surface. The maxi-
mum hardness in the centre of the disk corresponds
to the maximum pressure along the capsule axis.
therefore the minimum on the curve should reveal a
nonlinear slump of pressure from the centre to the
periphery. It is noteworthy that similar  periodic
alternations of hardness along the cross-section of a
cyvlindrical ampoule have been observed by Japanese
researchers in compressed graphite [8].

The prepagation velocity of longitudinal waves
was measured by the ultrasonic method (ot the
frequeney 7-10 MIHz). using a buffer rod. and was
found to be equal to 9.3 kms™'. The w-BN produced
by the DSC method exhibited longitudinal wave
speed of 89 kms™' The electrical conductivity
measurements  proved  the  specimen 1o be  an
insulator. and the value was equal to ~ 3 X
10" Q' Dielectric constant of 7.3 was measured
by the condenser technique. as compared 1o 4.0 for
the original h-BN. and the standard value of 7.1 for
¢-13N [9].

e prepared w-BN was chemically inertc even a
720 treatment by concentrated HCL HNOz and

~SO; did not affect the mass of the specimen. and
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Fizure 3 Distribution of Vickers microhardncss on the top surface of

w-BN alang the cross-section of the eylinder axis.
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An N-ray powder study (DRON-4
diffractomcter. Cuh,, radiationy adentficd the pro-
duct as w-BN with an adnuxture of ~3"4 of orrgimal
h-BN. the concentration of which decreased with the
mercase of hardness. The only observed retlecuon of
h-BN. (00 2). 1s very widened and asymmetric. with
its maximum  corresponding to the normal ¢ =
0.335 nm. but its centre to J =03235nm. n
agreement 1o our carly  observauon that shock
compression reduces the interlayer distance m h-
BN [10].

The diffraction pattern of w-BN obtained from
sohd disks. shown in Fig. 4, exhibited abnormally
strong (002) reflection. 2-2.5 times stronger than
(100). Grinding the disk into powder removed this
effect, reducing the intensity of (002) to ~80"0 of
(100). close to theoretical exception. and  also
significantly weakened the (002) reflection of h-
BN. Apparently. the texture of the onginal h-BN
flakes, with their (00 1) planes parallel to the bases
of the disk. gives rise 10 a similar texture of w-BN,
the martensite h-BN — w-BN rtransition proceeding
via puckering of planar graphite-like hexagonal
lavers. Both textures were removed by grinding.

Harmonic analvsis of reflection profiles yiclds the
arca of coherent scattering in the prepared w-BN of
9-10 nm. with microstrain & = 3.5 X 10>, The re-
flection widths differ more than three-fold. (100)
and (002) being the narrowest and (103) the
widest, indicating considerable anisotropy of defects.

Backscatrered electron  micrographs  of fracture
surfaces and polished surfaces on the top and bottom
are shown in Figs 3 and 6. The fracture surface
exhibited intergranular property. and the grain was
pulled out along the gram boundaries (Fig. 3). This
result indicates the weak interparticle bonding in w-
BN. Fig. 6 shows that the grain size in w-BN is
200-400 nm. with high porosity. These fine grains
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Fizure 4 X-ray diffraction patterns of solid w-B3N disk: (a) top surface

and (b) bottom surface.



Figure 3 Backscaitered clectron microzraphs of fracture surfuces of

w-BN.

were formed during the shock compression  and
performed the weakly bonded. Similar results in c-
BN were observed by Akashi and Sawaoka (1]
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Figure 6 Backscattered  electron micrographs  of polished w-BN:
() top surface and (by bottom sarface.
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