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Cubic BC,N was synthesizd from graphite-like BC,N at pressurs aboe 18 GPa and temperatures
highe than 2200 K. The lattice parameteof c-BC,N at ambier conditiorsis 3.6422) A, which is
large by 1.48% than would be expecte base& on ided mixing betwea diamord and cubic boron
nitride. The bulk modulws of c-BC,N is 282 GPa which is one of the highes bulk modui known
for ary solid, ard is exceedd only by the bulk modui of diamord and c-BN. The hardnes of
c-BCoN is highe than tha of c-BN single crystak which indicates that the synthesizd pha is
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only slightly less had than diamond © 200L American Institute of Physics.
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In the lag few years agred interes has bean arousd in
studyirg a possibility to synthesiz den® ternay phass in
the B—C—N system In addition to diamord and cubic boron
nitride (c-BN) exister in the B—C-N compositia triangle,
den® phass of boron carbonitride can also be considered
as potentid superhad materials While diamord exhibits ex-
treme hardnessgsits actud performane as asuperabrasiis
somewhalimited. It is neithe stabk in the presene of oxy-
gen even at moderae temperaturesnor is it a suitabk abra-
sive for machinirg ferrows alloys c-BN exhibits greater
thermd stability ard is the superabrasi of choice for ma-
chining stee| but is only half the hardnes of diamond.
Dens B—C-N ternay phass are expecte to be thermally
ard chemicaly more stabk than diamond ard harde than
c-BN, ard would therefoe be excellert materias for high-
speel cutting ard polishing of ferrous alloys.

The dat on attemptel synthess of deng B—C-N
phass reportel by differert authord~ are contradictoy and
to dak it is unclea whethe the synthess producs are solid
solutiors betwe@ carba1 and cubic boron nitride or just me-
chanic& mixtures of highly dispersd diamord ard c-BN. In
addition the resuls from thes previows studies hawe been
obtainel from quend experimentswithout ary in situ con-
trol of the proces of phag formation.

In the presen study, a cubic BC,N pha® has been syn-
thesizel in the ternay B—C—-N systen unde well controlled
pressure-temperatir conditiors using a lase heated
diamond-aniicel (DAC) and amulti-anvil press.

The starting materias consiste of graphite-like BC,N
and BC/N(g-BC,N) synthesizd accordiry to the method
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describé in Ref. 8 by simultaneos nitridation of boric acid
ard carbonizatio of saccharasin molten urea followed by
annealiig in nitrogen a 1770 K. Diffraction patterrs of
g-BC,N hawe broa x-ray diffraction lines (002), (10), and
(009 for g-BC,N ard (003), (10), and (006) for g-BC,N
that are typicd for turbostratt layeral structuresAt ambient
conditiors the ¢ parametes for BC,N and BC,;N were found
to be 7.275) A ard 10.92) A, respectively while the a
parametes hae the sane value of 2.472) A.

The majority of experimers were performel using a
large-apertue membrane-typ diamord anvi cell® with anvil
tips 300 wm in diameter The samples were loaded without
pressue medium in the 100 um diamete hole drilled in a
rhenium gaske of thicknes 250 um preindentd down to 55
pm. Pressug was determiné in situ from the calibratel shift
of the ruby R; fluorescen line. X’ After compressionthe
sample were heatel with a multimode YAG lase (with an
outpu of 240 W at A\=1.064 um) focuse on the sample
throuch the front diamord with aplano-conve infrared lens
(f=75mm).*! Average temperaturgin the lase heatel spot
were measurd with an opticd systen designeé for on-line
measuremestwith an accurag of 70 and 150 K at 1500 and
3000 K, respectively.

Angle-dispersie x-ray diffraction patterrs were re-
cordal using an on-line image-pla¢ FastSca detectol® at
the ID30 beamlire of the Europea Synchrotrm Radiation
Facility. High-brilliance synchrotre radiation from a two
phase undulato was se to a wavelengh of 0.37381) A
using achannel-cu Si (111) monochromatarCorrection of
the two-dimensionhkdiffraction images for spatia distortions
ard integratian of the Debye—Scherre rings were performed
using the FIT2D software®® Lattice parametes were obtained
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FIG. 1. Laser heating sequence of diffraction patterns taken at several pres- )
sures and temperatures. Bottom and top patterns correspgrB@®N and ~ (JCPDS NN. 6-0675 and 35-1365, respectiyeljhe large

c-BC;N, respectively. deviation of the lattice parameter of cubic BC (c-BC,N)
from the value that would be expected from ideal mixing
by LeBail full profile refinement of integrated patterns using (Vegard's law between diamond ane-BN (3.583A) tes-
the Gsas program packag¥' tifies that the synthesized phase is distinct the diamond—
An increase in pressure at room temperature is acconf-BN solid solutions reported earlidf! Re-analysis of the
panied by a pronounced decrease in the line intensities of th@arlier results by Kurdyumov and Solozhefikehows that,
turbostraticg-BC,N (Fig. 1). Upon compression to 19.9 because of the poor resolution of the x-ray detection systems,
GPa, the intensity of the strongest 002 line decreases by the reported products can also be interpreted as mechanical
factor of 6, and at 25.8 GPa this line almost disappears. Alsdnixtures of disperse@ragg scattering area less then 5 A
with increasing pressure, a variation in the 10 asymmetri€iamond andc-BN. The positive deviations of the lattice
line of the turbostratic structure is observed. The intensity ofarameter from Vegard's law0.25-0.68% observed in
scattering in this region increases, the profile of the line beRefs. 3—7 are evidently caused by a high concentration of
comes increasingly symmetric, and its peak shifts towards gtructural defects as has been reported for ultradispersed
value of 2.07 A which is close to those observed for the 11powders of cubic B and diamond.” In our case, it is clear
reflections of diamond-like phases. These effects point to théhat a ternary phase was synthesized, as ID30 provides ad-
reconstruction of the graphite-likep? structure into the equate resolution for distinguishing a mixture ®BN and
diamond-likesp® structure, which starts at about 5 GPa anddiamond(see Figs. 1 and)2
ends at about 25 GPa. For thec-BC,N phase, we observe the presence of 111,
At 25.8 GPa, the heating @f-BC,N up to 1600 K is not 220, and 311 Bragg lines, which correspond to frte 3m
accompanied by any change in the diffraction patterns whiclspace group. The apparent lack of the 200 line is an signifi-
exhibit only a broad line in the region of 111 reflections of cant, as it would indicate a space group betwgdn3m and
diamond-like phasesFig. 1). At higher temperatures, the F-43m, as found for diamond and cBN, respectively. In-
profile of this broad line changes to a rather complicated fingleed, for aB—C—N diamond-like phase, the lines that are
structure, and two new weak lines withy,,=1.26 and 1.09 most sensitive to the atomic distribution are those for which
A (at ambient temperatur@lso appear. Finally, above 2200 h+k+1=2n, wheren is an odd numbe{the 200 line is the
K a drastic change in the spectrum is obser¢éig. 1, top  Strongest The intensities of these lines are defined by the
pattern which clearly points to the formation of a new F=4(f,—f,) structure amplitude, wherg, andf, are the
phase. The diffraction pattern of the quenched sample exhitomic scattering factors of two face centenered cifuic)
its only 111, 220, and 311 lines of the cubic lattice, whichsublattices of the zinc-blende lattice. The absence of the 200
indicates that the sample is single phase. We therefore aline for c-BC,N indicates thatf,)=(f,), which is possible
sume that the composition of the high-pressure cubic phasé B, C, and N atoms are uniformly distributed over both
is the same as that of the graphite-like starting materialsublattices.
namely, BGN. Laser heating experiments at different pressures have
The lattice parameter of the as synthesized cubic phasghown that the formation of-BC,N is observed only at
at ambient conditions ia=3.642+0.002 A, which is larger pressures above 18 GPa. At 14.5 GPa and temperatures
than those of both diamor(8.5667 A andc-BN(3.6158A)  above 2000 Kg-BC,N decomposes to form a mixture of
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c-BN and diamondFig. 2, top pattern On further decrease TABLE I. Hardness of superhard cubic phases of BxeC—N system at
in pressure down to 11.0 GRRig. 2, bottom pattenp ther- ~ "°°m temperature.

mal decompOSition Og'BC2N proceeds to forne-BN and Vickers hardness Knoop hardness Nanohardness
disordered graphite, as reported earlier by Solozhenko and (GPa (GPa (GPa
co-workers.*™* .. . c-BCN 76 55 75
For compressibility measurements, a sample of cubic - i Bn 62 44 55
BC,N synthesized at 25.8 GPa and 3000 K was compressedpiamond 115 63
at room temperature in the DAC using 4:1 methanol—ethanc;jS — 3
ee Rer. .

pressure medium to maintain quasihydrostatic conditions:

High-pressure x-ray patterns were collected to 30 GPa withjetermined at ambient conditions is 3.622A, which is
exposure times of 4 min. The two-parameter Birch equationarger than those of diamond agdBN. The bulk modulus
of state was fitted to the data. The fitted parametersBgre of c-BC,N is 282 GPa, which is lower than those of dia-
=282+15GPa andB,=4.3=1.1, with the zero-pressure mond andc-BN, but is still one of the largest bulk moduli
cell volumeV,=48.49+0.08 A°. The bulk modulusBo) of  known for any solid. Hardness @t BC,N measured by dif-
cubic BCZN is smaller than the 420 GPa value eXpeCted forferent methods is h|gher than that ofBN Sing|e CrystaL

H o H 21 . . . . .
ideal mixing between diamofitiand c-BN. which indicates that the synthesized phase is a superhard
To synthesizec-BC,N using a different technique and material which ranks next to diamond.
produce this phase in an amount sufficient for hardness mea- »
surements, we used a large-volume multi-anvil system at the  The authors thank Dr. M. Hubek and Dr. T. Sato for
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cell, consisting of a 10 mm MgO octahedron and cylindricalD- Krauss for assistance in multi-anvil press work, Dr. S. N.
LaCrO; heater, was compressed using WC cubes with 4 mnPub for hardness measurements, and Professor A. V.
truncations’® The sample was graphite-like B contained ~ Kurdyumov for helpful discussion. Multi-anvil press experi-
in a MgO capsule. The experimental conditions were 25ments were performed under the EU-TMR Large Scale Fa-
(+2) GPa and 2100f 100) K and the run duration was 30 Ccilities program.
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