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We present the results of a study of the interaction at a pressure p =7.7 GPa and a temperature
T =1600 °C and 1800 °C of wurtzite boron nitride, previously subjected to deformation processing by 4-fold
rolling and having a particle size in the developed plane of 0.1...1.5 microns, and diamond powders of
various origin obtained under conditions of static synthesis in the presence of a metal solvent and shock-
wave synthesis from carbon material. The diamond component had the following sizes: submicron powders
of static synthesis of 0.1/0 microns, dynamic synthesis diamonds 5...12 nm. The initial charge before
barothermal treatment consisted of 90 wt. % BNw and 10 wt. % diamonds. The duration of exposure to
temperature under pressure was 7= 60 s and 7= 120 s. X-ray photography of the samples was carried out
on a DRON-3 diffractometer in copper Cu-Ka radiation with a graphite monochromator and digital
recording of reflections in the automatic mode with a step movement of 0.1° and exposure duration at each
point of 4°. It was found that in the contact interaction of BNw with diamonds, diamond dissolves in boron
nitride with the formation of a BNC solid solution, which depends on p, T of the process parameters and
the method for producing diamonds. At a temperature 7'= 1600 °C, there is no interaction of BNw with the
diamond component. An increase in temperature to 7= 1800 °C leads to the dissolution of diamonds in
boron nitride, and their number depends on the time of exposure to temperature, and the interaction of
dynamic synthesis diamonds occurs to a greater extent. Homogenization of the BNC solution is observed.
To determine the mutual solubility of substances, Vegard's law was applied, and the quantitative content
of dissolved diamond in sphalerite boron nitride was established, which is 2 times greater for dynamic
synthesis diamonds than for static synthesis diamonds. The higher activity of dynamic synthesis diamonds
is due to the feature of their crystalline structure — high dispersion and distortion. The dissolution of

diamonds in BNw has a diffusion character.
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1. INTRODUCTION

Cubic boron nitride, a refractory compound that is an
electronic and structural analogue of diamond, causes
steady interest in obtaining a composite material formed
in the diamond-BNw system with the formation of a
BNC solid solution with a diamond-like lattice, which,
having hardness approaching to diamond’s, significantly
exceeds its thermal and chemical resistance.

Many works are devoted to study of the possibility of
the formation of a solid carbon solution in cubic boron
nitride. One of the first [1] describes the interaction of
carbon with turbostratic boron nitride at high pressures
and temperatures near the triple point p-7 of the boron
nitride diagram and, as a consequence of this interaction,
obtains a cubic modification of boron nitride with a carbon
content of up to 6 %. Later, mainly the interaction of cubic
boron nitride with diamond was studied under conditions
of high pressures and temperatures [2-5].

As follows from the analysis of these works, a solid
solution of composition B-N-C is formed on the basis
of graphite-like boron carbonitrides C+-BN as a result
of phase transitions accompanied by the formation of
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dense modifications of carbon and boron nitride [6, 7].

The works of authors [5-8] have shown the possibility
of obtaining thin oxide (ceramic) coatings on dielectric
materials in microelectronics and optics by various methods.
However, in these works there is no information about
the microhardness of ceramic coatings deposited on the
surfaces, as well as their impact on the accuracy and
reliability of the products based on them.

We studied the interaction of diamond powders with
wurtzite boron nitride (BNw). In [8], it was shown that
in the BNw-diamond particle system at a pressure
p =8 GPa and a temperature of 1600-2000 °C, a contact
interaction of the components occurs with the
formation of an interphase layer (Fig.1). It was
concluded that the main factor determining the
formation of a BNC solid solution in BNw-diamond
compositions is the metastability of the BNw phase and
its deformation transformation into a sphalerite phase
upon contact with diamond.

In the present work, the interaction in the BNw-
diamond system is considered during the barothermal
treatment of mixtures of such powders.
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Fig. 1 — X-ray pattern of deformed BNw

2. INITIAL MATERIALS AND EXPERIMENTAL
PROCEDURE

To study the interaction during sintering at high
static pressures of BNw with diamond depending on
the type of diamond powder obtained under static
conditions in the presence of a solvent metal and under
conditions of shock wave synthesis from a carbon
material, a mixture consisting of 90 wt. % BNw and
10 wt. % diamonds was prepared.

To increase the activity and dispersion, BNw powder
was subjected to deformation processing by 4-fold rolling,
after which the bulk of particles of BNw had a size in
the developed plane of 0.1...1.5 pm.

The diamond component was represented by two
types — submicron static synthesis diamond powders
with a size of 0.1/0 microns and dynamic synthesis
diamonds with a particle size of 5...12 nm.

3. EXPERIMENTAL RESULTS AND
DISCUSSION

Fig. 2 shows the difference in the structural state of
diamonds depending on the methods of their
preparation. The broadening of all X-ray reflection lines
of diamonds of dynamic synthesis (Fig. 2-2) indicates
their increased dispersion and level of microstress in
contrast to diamonds of static synthesis, the reflection
lines of which are not broadened (Fig. 2-1).

An analysis of X-ray data showed (Fig. 3-1) that, as
a result of processing at high pressures of a mixture of
BNw with a diamond of static synthesis for 7=60 s at a
temperature 7'=1600 °C, there is a partial trans-
formation of BNw into BNe¢, but the interaction of the
components in the mixture is absent, and the reflection
lines from the diamond phase are retained.

Barothermal treatment of a mixture of BNw with
static synthesis diamond at a temperature 7'=1800 °C
and the same exposure time leads to almost complete
conversion of BNw to BNe¢, and according to X-ray data
(Fig. 3-2), the diamond component is retained. In the case
of barothermal treatment at 7'=1800 °C and sintering
time 7=120s (Fig. 3-3), judging by the decrease in the
lattice period of BNc (Table 1), a slightly larger amount of
diamond dissolves in it than when holding 7=60s and
temperatures 7= 1600 and 1800 °C.

Under conditions of high pressures and temperatures,
the interaction of BNw with a dynamic synthesis
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diamond occurs to a greater extent than with a static
synthesis diamond (Fig. 4).

An increase in temperature to 7= 1800 °C promotes
homogenization of the BNC solution, as evidenced by a
decrease in the broadening of the X-ray reflection lines
of BNc (Fig. 5).
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Fig. 2 — Radiographs of the source diamonds: 1 — diamond of
static synthesis; 2 — dynamic synthesis diamond
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Fig. 3 — The result of the interaction of BNw with diamond of
static synthesis: ® — diamond, A — BNw, m — BNc. 1 —temperature
T'=1600 °C, duration 7=60s; 2—T=1600°C, z=120s; and
3-T=1800°C,t=120s
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Fig. 4 - Fragment of the microstructure of the sample obtained
at Tsine = 1800 °C and 7= 120 s of the system BNw + diamond
of dynamic synthesis
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Fig. 5 - BNc resulting from the interaction of BNw with dynamic
synthesis diamond: 1 —temperature 7'= 1600 °C, duration 7= 60 s;
2 -T=1600°C,7=120sand 3—T=1800°C,7=120s

Under all processing conditions, a complete
transition of BNw to BNc is observed; a decrease in the
lattice period of BNc indicates the dissolution of
diamond in it, since the lattice period of sphalerite
boron nitride is a = 0.36198 nm and the diamond lattice
period is a = 0.35670 nm.

Given the similarity of the structures of cubic boron
nitride and diamond, as well as the proximity of their
electronic structure — mainly covalent, it is possible to
apply Vegard's law to BNC solid solutions, which
allows one to approximately determine the mutual
solubility of substances, in this case, to determine the
solubility of diamond in cubic boron nitride (Fig. 6).

Using the calculated lattice periods of the processed
mixtures and plotting their values on a straight line
connecting the lattice periods of BNc (3.616 A) and
diamond (3.567 A), we obtain the approximate value of
the amount of dissolved diamond in sphalerite boron
nitride, the values of which are given in Table 1.
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Since positive and negative deviations from Vegard's
law are possible, it is impossible to speak with accuracy
about the quantitative content of dissolved diamond in
sphalerite boron nitride. Nevertheless, Table 1 shows
that the maximum amount of dissolved diamond in
cubic boron nitride is observed as a result of the inter-
action of BNw with dynamic synthesis diamond under
a pressure p = 7.7 GPa and a temperature 7= 1800 °C
for =120 s. With a decrease in the exposure time under
pressure to 7=60s at 7= 1600 °C and at 7= 1800 °C,
the solubility of diamond in boron nitride decreases.

The dependence of the solubility of diamond of
dynamic synthesis in boron nitride on the time of their
interaction under pressure indicates the diffusion
nature of the solubility of diamond in boron nitride.

A decrease in the broadening of the X-ray reflection
lines of the BNC solid solution with increasing
temperature and holding the barothermal treatment
indicates its ordering.
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Fig. 6 — Lattice periods of BNc¢ and diamond and their solid
solutions in accordance with the Vegard law: A — BNw, o — BNc

Table 1 — Some characteristics of BNC solid solutions

Mixture Static synthesis Dynamic synthesis
processing modes diamond diamond
The The
...| BNC approxi- BNC approxi-
Temper Equsm lattice mate lattice mate
ature | on time . .
period carbon period carbon
T, °C T, s . .
’ ’ a,nm | contentin | a, nm | contentin
BNC, % BNC, %
1600 60 0.3616 0 0.3613 4
1800 60 0.3613 4 0.3609 8
1800 120 0.3611 5 0.3607 10

4. CONCLUSIONS

1. The difference between the interaction of
diamonds of dynamic and static synthesis with BNw
under conditions of high static pressures and
temperatures has been established. Diamond dynamic
synthesis, which has a high pressure and temperature,
is due to the peculiarities of their crystalline structure
— high dispersion and distortion.

2. The contact interaction of dynamic synthesis
diamonds with BNw, accompanied by their dissolution
and the formation of a cubic BNC phase, proceeds more
intensively due to low CSR (coherent scattering region)
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values in the presence of microdistortions of the crystal
lattice.

3. Contact with diamond at high pressures and
propagation conditions facilitates the restructuring of
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Bsaemonis npu 6aporepmivyniii 00po0Ii BIOPTIIMTHOrO HiTPUAY OOpPY 3 aJiMa3aMH,
OTPUMAaHUMU MPU Pi3HUX YMOBAX CUHTE3Y

B.M. Boaxoron!, M.A. Bacunsxoseskal, I.I. Tumodeenal, C.K. ABpamuyk!,
A.B. Kpasuyxk!, I.I. Byskaucekal, 10.A. ®enopan?, T.B. ITasauuyxk!, B.C. AuTonmok?

L ITnemumym npobaiem mamepianoznascmea imeni L. M. Opanuesuua Hayionanvrol akademii nayk Yipainu,
eys. Kporcuswcarniscoroeo, 3, 03142 Kuis, Yipaina
2 HauionanvHuti mexniunull yHieepcumem Yrpainu «Kuiecorkuil nosnimexniunuil incmumym imeni leops
Ciropcbroeon, npocn. Ilopemoeu, 37, 03056 Kuis, Yrpaina

Hageneno pesysiabratu mocmimreHHsa Bsaemomil mpu Tucky p = 7,7 ['Tla 1 remmepatypi 7= 1600 i 1800 °C
BIOPTIIITHOTO HITPUIy 0OpY, IOMEPEeIHBbO IiTaHoro aed)opMAIiiHIN 00po0Ill NIIAXOM 4-X KPATHOI MPOKATKH 1
SAKHWIA Mae po3Mip YacToK B po3BuHeHi# mommuHi 0,1...1,5 MKM, 1 aJIMas3HUX HOPOIIKIB PI3HOTO IMOXOMYKEHHS —
OTPUMAHOIO B YMOBAX CTATUYHOIO CHHTE3Y y IPUCYTHOCTI MeTaJIa-pPO3YNHHIKA 1 YAAPHO-XBUJILOBUM CUHTE30M
3 BYIVIEIIEBOTO MaTepiary. AJIMasHA CKJIAJ0BA Majla TaKi po3Mipy — CYOMIKPOHHI MOPOIIKKA CTATHYHOTO
curredy 0,1/0 MEM; anMasy J@WHAMIYHOTO cuHTEe3y — 5..12 HM. Buxinmma mmxrta mepen 06apoTepMivHOIO
0bpobroro criamanacst 3 90 mac. % BNB 1 10 mac. % anmasiB. TpuBasicts il TemiiepaTyp IIiJ] THCKOM
cranoBmita 7 =60 ¢ 1 7= 120 c. Penrreniscyka 3iioMka 3pas3kiB BukxoHyBasacs Ha mudparxromerpi JIPOH-3 B
vigaomy Cu-Ko BunmpomizioBaHHI 3 rpadiToBUM MOHOXPOMATOPOM 1 II)POBOI0 PEECTPAINEI0 BLIOOpasKeHb B
ABTOMATUYHOMY PEKHMI 3 KPOKOBHM IepemimieHHsaM 0,1° 1 TPHUBAICTIO €KCIIO3WINI B KOMKHIN Toul 4°.
BeranosiieHo, 1m0 mpu KoHTaKTHIN B3aemomii BNB 3 anmvasamu Mae Miclie pOSYMHEHHS aJIMa3dy B HITpHIl 6opy
3 yrBOpeHHsM TBepaoro podurny BNC, sanexHe Bix p, T mapaMeTpiB IIpoIecy i Crioco0y OTpUMAaHHS aJIMa3iB.
ITpu remmepatypi 7= 1600 °C B3aemomis BNB 3 asmasHo0 CKJIaI0BOIO BiicyTHs. [[iBAIIEHHA TeMIiepaTypu
1o T'=1800 °C mpus3BoOUTD 10 POSYMHEHHS aJIMAa3iB B HITPHAL 00pY, 1 IX KIJIBKICT 3aJIESKUTh Bil Yacy BILIABY

TeMIePaTypH,
Crocrepiraerbca TOMOTEHI3AI[A POSUMHY

OPUYOMY B34€MOIA AJIMAa3iB JUHAMIYHOIO CHHTe3y BIIOyBAeThC B OLIBIIN  Mipi.
BNC. Jlna BusHayeHHsa B3aeMHOI

PO3YMHHOCTI PEYOBUH

3aCTOCOBAHUI 3aK0H Berapsa, 1 BCTAHOBJIEHO KITBKICHMI BMICT PO3YMHEHOTO aJIMaady B ¢PaJIepUTHOMY HITPHII
Oopy, AKUM I aJIMa3iB JUHAMIYHOTO CHHTE3y y 2 pasu OLIbIle, Hisk IJIS aJIMAa3iB CTATHYHOTO CUHTE3y. Db
BHCOKA AKTHBHICTH aJIMa3iB JAMHAMIYHOTO CHHTE3y OOyMOBJIEHA OCOOJIMBICTIO iX KPHCTAIYHOI OymoBH —
BHCOKOIO JIFICIIEPCHICTIO 1 ircTopcieo. Posunuenns anvasis B BNB mae qudysuuit xapaxrep.

Kmouori crosa: Bropriturauit HiTpuy 6opy, Anmas, Tuck, Temmeparypa, PosunsHicTs.
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