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Elastic moduli of the superhard cubic BGN phase by Brillouin scattering
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Brillouin scattering measurements on the nanocrystalline cubic phase £4,B6e hardest known solid
after diamond, have been successfully performed using the “emulated” platelet scattering geometry. We were
able to measure both longitudina¥() and shear ;) velocities independent of refractive index, and thus
obtained values of 13.290.22 and 8.41 0.14 km/s, respectively. Using these values, we calculated the bulk
and the shear moduli as 2522 and 238 8 GPa, respectively.
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Following the successful synthesis of the superhard phasencapsulated sample, yielded some artifacts in the Brillouin
of cubic nanocrystalline B{N (c-BC,N) both in a spectra. To overcome such a problem, the formerly open side
diamond-anvil cell and in a large-volume préss,became of the sample was attached to a reflective mirror by epoxy
possible to characterize its mechanical properties by microand the sample was thinned fror800 down to~90 um by
indentation and nanoindentatiéri: The Vickers hardness of polishing the encapsulated side. At the end of this process,
76 GPa measured for nanocrystalliceBC,N has been several areas, ranging from 50 to 1001 in size, appeared to
found to lie between 115 GRRefs. 5, 6 for the (111) face  be especially well cleared of microcracks and, thus, were
of a single-crystal diamond and 62 GPa for th&1) face of  chosen to emulate the platelet scattering configuration. In
a single-crystal cubic boron nitride{BN).>~*Based on the this specific assemblage the laser beam reflected from the
nanohardness measurements, the value of the shear modul§ror serves as incident light for giving rise to a signal
of the c-BC,N was predicted to be 447182 which is even  scattered in platelet geomeffy.*® The frequency shiftA f
higher than that of diamond. The bulk modulus derived earthus obtained is related to the bulk sound veloditas
lier from the x-ray diffraction data was as low as 280 GPa.

These results appear to differ from recent theoretical AAF

simulations’® which show that the phases of the cubic
BC,N with high shear moduli, without exception, have very
high bulk moduli. Despite several reports on the synthesis of
diamondlike phases in the B-C-N system, no experimentalvhere ¢ is the angle between the incident wave vector and
data on the elastic properties of these new phases arormal to the sample surface, ands the wavelength of the
available®*3 In this paper, we report on experimental dataincident light. The advantage of the “emulated” geometry
on the elastic moduli of nanocrystalline butkBC,N ob-  enables measurements of the longitudind]| )( and trans-
tained by Brillouin spectroscopy. verse /1) velocities independent of refractive index

The sample used in this study is the same one used fdvloreover, mounting the sample with only one side exposed
hardness and refractive index measurements, a nanocrystalas significantly reduced the risk of disintegrating the brittle
line sample ofc-BC,N.1?* It was synthesizeldby direct  specimen. Measurements done with “emulated” platelet ge-
conversion of graphitelike (BN),g&Co 52 Solid solution at 25 ometry also confirmed that the elastic anisotropy, revealed in
GPa and 2100 K using a large-volume multianvil system angreliminary surface Brillouin scattering measurements prior
Sumitomo 1200-ton press at the Bayerisches Geolnstituto polishing, was an artifact attributed to the light scattering
One side of the recoverad BC,N sample(1.1 mm in diam-  from inclined microcracks.
eter and 0.9 mm thick digkwas polished by a cast iron The Brillouin scatterindBS) experimental setup is an im-
scaife and 15- to 2em diamond grit, and finished with proved version of the system utilized in a recent stdan
0.5-um diamond paste. The polishing of the specimen redbulk amorphous carbon samples. It is a fully automated, self-
duced sample size to approximately 0.3 mm depth from theligning spectrometer with increased stability and
exposed surface to the bottom of encapsulated surface. Thiexibility, 20 and it operates on the basis of a Sandercock-type
transmission electron microscogfEM) of the samplé®  tandem six-pass Fabry-Perot interferométefhe beam
shows that the grain size ranges from 10 to 30 nm with &rom an argon ion lase(=514.5 nm and beam power of 70
narrow size distribution. mW) was focused on the sample with 1:1.4=50 mm)

The presence of microcrackmclined at 10°—15° to the lens. The high-resolution spectra were typically accumulated
polished plang visible both at the surface and within the for 1-2 h.

@

~ 2sing’

0163-1829/2003/68)/0521043)/$20.00 68 052104-1 ©2003 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW B58, 052104 (2003

30000 - ® ——V, (Longitudinal)
] v 90 B = - V,(Transverse)
28000 L l
] nV, 14000 |
26000 1
4 12000 +
_ 24000-_ %2 10000 -] 30
-g 22000 1 i 8000
_%\ 200001 v, v, g 6000 -
&£ 180004 P 4000
= 1 -] 1 0
16000 - v g 40001
4 VL (2 1
14000 6000
12000 80007
: 10000 - 330
O 0 30 % 40 2 & 2 4 6 8 160 10 12000
-120 -100 - - T
i 14000 - m——
Frequency Shift (GHz) 00 7 300
270
FIG. 1. Experimental BS spectrun®€ 50°) of nanocrystalline Vertical Angle (degrees)
¢c-BC,N. An asymmetric peak at60 GHz resulted from the satu-
ration of the system by the strong elastic scattefiRgf. 19. FIG. 2. Experimental azimuth dependence of longitudisalid

circles and shear velocitie&olid squaresin c-BC,N. Thick lines

A typical Brillouin spectrum of the nanocrystalline 2r€ linear fits to present data.

c-BC,N sample(Fig. 1) shows well-defined peaks associ-
ated with both longitudinal and transverse acoustic moded:rom the measured value of the frequency shift, we obtained
The azimuth dependencies ® and Vs (Fig. 2 do not NV, =25.65:0.4 km/s. The refractive index aBC;N has
indicate velocity anisotropy and therefore provide evidencdeen determined to be 2.06, using the multi-angle-of-
that the nanocrystalline cubic BN phase is elastically iso- incidence ellipsometry measuremetftsThus, from these
tropic. Using averag®, andVg values of 13.020.22 and Measurements, the longitudinal velocity can be determined
8.41+0.14 km/s, respectively, we calculated bulk and sheafndependently. The value is 1248.31 km/s, and it agrees
moduli, Poisson’s ratio, and the Young’s modulus. The refeasonably well withV =13.09+0.33 km/s obtained by
sults and relevant data from the literature are compiled inemulated” platelet geometry. We can also calculatérom
Table | with the standard deviations indicated as uncertainmeasured values ofV, . Results presented in Fig. 3 clearly
ties. We find good agreement among the presently obtaineghow that the nanocrystalline BC;N is optically isotropic
bulk modulus and the corresponding value obtained fronfis well, with an average value af=1.96=0.03. This is in
independent x-ray compressibility measureménts. agreement with  multi-angle-of-incidence ellipsometry
Experimental spectra show also a strong peak around 10measurements’
GHz (Fig. 1). This peak is attributed to interaction between The cubic BGN phase has an unusual combination of
laser light and longitudinal phonons in backscatteringmechanical properties: its elastic moduli measured by Bril-
geometr)ﬁ2 In such a geometry, the longitudinal velocity is louin scattering and x-ray diffraction are lower than those of
related to the frequency shifif, by the expression c-BN, whereas its hardness measured independently by mi-
croindentation techniqdes higher than that of the single-
crystalc-BN and only slightly lower than that of diamond.
The fact that the values of bulk and shear modulc-cd8C,N
are lower than those far-BN and diamond may be attrib-

NAT
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TABLE I. Summary of experimental data o , Vg, density(p), K, G, andv of c-BC,N, c-BN, and
diamond. Elastic moduli and Poisson’s ratio@BC,N were calculated using Brillouin scattering data and
value of density measured in Ref. 1. Acoustic velocities and elastic modwiBIN and diamond were
calculated using experimentally measured parameters for single crystals.

Phase p (glcnt) V. (km/g) Vg (km/9) v K (GPa G (GPa
c-BC,N 3.35& 13.09+0.22 8.41+0.14 0.149 259+ 2 238+ 8¢
c-BN¢ 3.500 15.82 10.39 0.121 372.3 377.8
Diamond 3.512 18.17 12.238 0.071 442 538

8Reference 1.

bPresent study.

Calculated using/, andVg from current measurements and density from Ref. 1.
YReference 24.

€lsotropic (Voigt-Reuss-Hil) average using elastic moduli reported in Ref. 25.
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measuremeftis most likely an overestimate due to distinct
deformation of the diamond indenter. Clearly the Oliver-
Pharr relation between the experimentally measured stiffness
and projected area of the elastic contacannot be used to
estimate Young’s modulus for superhard phasés, (
>40 GPa). Nonetheless, it is to be noted that for the dia-
mondlike B-N-C phases synthesized by shock compression
at pressure higher than 30 GPa and temperature above 3000
K, very high bulk modulus values were reported for
c-BC, N (Ky=401 GPa)(Ref. 13 and for BG g.goN (Kg
=412 GPa)* These results indicate that the elastic proper-
ties of diamondlike B-C-N phases are dependent upon the
structure of the phases and, hence, upon the syntpe$is
routes. Further studies are needed to establish any relation-
ship between properties and structure and, hence, the synthe-
sis conditions.
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