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EFFECT OF MECHANICAL ACTIVATION AND HIGH PRESSURE
HIGH TEMPERATURE TREATMENT ON SYNTHESIS OF MATERIAL
BASED ON NANOSTRUCTURED BORON NITRIDE

In the paper, the study of the influence of mechanical activation (MA) and subsequent high pressure high temperature
(HPHT) treatment of the powder of hexagonal boron nitride (hBN) on its structure and phase composition is given.
X-ray diffraction and electron microscope studies show that MA leads to the transformation of the BN substructure
from crystalline to nanocrystalline and amorphous. At the same time, along with the formation of amorphous
nanocrystalline cubic boron nitride (cBN) in BN powders after MA, another high-pressure phase — wurtzite
boron nitride wBN is formed. As a result of sintering of the hBN powders after MA under pressure of 2.5 GPa and
under temperature in the range of 1000— 1300 °C, in addition to the hBN, wBN and cBN phases, the BN phases
of rhombic, hexagonal and tetragonal crystallographic systems are formed in the resulting material. The HPHT
treatment of the hBN powders after MA under pressure of 7 GPa allows to obtain a material containing a cBN
phase with ¢cBN crystallites about 50 nm in size. The addition of aluminum decreases the sintering pressure, but
at the same time, due to recrystallization, the grain size of cBN in the obtained material increases by an order
of magnitude compared with the original powder.

Keywords: nanocrystalline BN, mechanical activation, chemical purification, high pressure high temperature

Introduction. At the present time the important technologies for the synthesis of superhard materials

task of scientific and technological progress is the (SHM) — diamond and cubic boron nitride (¢cBN).
improvement and development of existing and new  The current understanding about the phase diagram of
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BN is based on the experimental data of Wentorf on
the study of the catalytic transformation of hexagonal
BN (hBN) to ¢cBN under pressure above 4.0 GPa and
the study of the melting process of hBN in the pressure
range of 3.0—7.0 GPa. In the work of Bundy and
Wentorf [1] on the basis of experimental data, as well
as estimates of the position of the melting curve of the
c¢BN and the triple point of the hBN-cBN-liquid, the
phase diagram of BN is constructed, and at present it is
generally accepted.

Diamonds and c¢cBN are produced in special
devices under pressure above 4 GPa and under
temperature above 1400 K. Graphite is used as a source
for the synthesis of diamonds, and hBN is used for
the synthesis of ¢cBN. Different metals and alloys
are used to decrease the P, T-parameters of the cBN
synthesis. Thus, while synthesizing cBN, for example,
magnesium-zinc alloy, as well as alkali and alkaline
earth metals and their nitrides, borides, fluorides and
hydrides, aluminum, magnesium and their nitrides are
used [2].

It is known [3] that the synthesis of diamond and
c¢BN powders depends on the kinetics of dissolution
in metal melts of graphite or hBN, i. e. on the degree
of activity of the latter. For example, in [4] it is shown
that electron beam processing of hBN + 5 % aluminum
powder accelerates the phase transition of hBN into
c¢BN and provides maximum values of compressive
strength, microhardness and density of ¢cBN. The
activation of these materials is also possible with the
“pumping” of mechanical energy into them.

State of the problem. Experimental data by different
authors show a strong effect of shear deformations
on phase transformations. In particular, it is indicated
a significant decrease in pressure and temperature
of phase transitions and the possibility of obtaining
new phases which cannot be synthesized under these
conditions without shear deformations [5]. So, the
following basic schemes of plastic deformation with
a shear are known [6]:

- high pressure torsion;

- equal channel angular pressing;
- comprehensive forging;

- multi-axis deformation;

- accumulated rolling;

- screw pressing.

Figure 1 shows the basic methods of severe plastic
deformation.

It is known that shear deformations affect phase
transformations in BN. For example, in [5] a method
for the cBN synthesis with the help of high-pressure
shear apparatus with diamond anvils is proposed. Using
the method, the formation of cBN from rhombohedral
BN takes place at room temperature when shearing
deformation is applied. In this case, the pressure, to
be necessary for the sample to apply for an irreversible
transition, is less than 7 GPa. However, the synthesized
sample is a small plate with a diameter of 300 um and
a thickness of 50 um.

70

PLINCH

SAMPLE

SUPPORT
a b

Figure 1 — Basic methods of severe plastic deformation [7]:
a — high pressure torsion; b — equal channel angular pressing

The use of attritors, planetary and vibration mills
can significantly improve the efficiency and productivity
of material processing. The starting material placed in
the reaction chamber of the devices is constantly under
high pressure and shear deformations, and it results
in a change in the structure and phase composition
of activated substances.

Characteristic features of mechanical activation
(MA) are the following: 1) effect of shear deformations
under high pressure; 2) continuous vacancy flow;
3) improving of interaction between components. In
[8], it is theoretically shown that the contact pressure
on a particle between grinding bodies can reach
11.5 GPa. It corresponds to the stability region of cBN
as shown in [1].

When processing the hBN powder in the attritor,
van der Waals chemical bonds break with increasing
processing time, and in the crystal lattice distortions
appear, the structure becomes more defective, and the
dislocation density increases. When milling under
the shock loads, the crystal lattice is distorted, the
atoms are displaced from the lattice sites and occupy
intermediate positions [9]. Therefore, at relatively
low temperatures, as a result of MA, nucleation
of superhard BN phases can be expected.

It is known, that as a result of MA of hBN
there is a decrease in the technological parameters
of the phase transition of hBN into ¢cBN under high
pressure high temperature (HPHT) treatment. For
example, using of hBN treated in vibrating mill and
then sintered in a high-pressure apparatus (HPA) at
a pressure of 7.7 GPa, the temperature of the cBN
synthesis decreases by 200 °C in comparison with the
unactivated hBN [10]. It is shown in [11] that during
processing hBN in the attritor the BN substructure
transforms from crystalline to nanocrystalline and
amorphous occurs. During MA of hBN for 4 hours,
the BN powder with sizes of 30—300 nm is synthesized,
however the long MA duration results in the
contamination of the BN powder [12].
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The aim of this work is to study the effect of MA
in the attritor and planetary ball mill (PBM), chemical
purification and followed by high pressure and
temperature treatment of the hBN powder on the
structure of the synthesized material on its base.

Starting materials and research methods. The hBN
powder with the particle sizes within 5—100 pum is used
as the initial material. Mechanical activation of the
hBN powders is carried out in an attritor at an impeller
rotation speed of 800 r/min for 25 min and in PBM
AGO-2 (Novic, Russia) in an argon atmosphere at the
drums rotation speed around general axis of ~1000 r/min
for 2.5—15 min. Steel balls of 5 mm diameter were used
to achieve the ball-to-powder ratio of 30:1 and of 20:1
for attritor and PBM MA, respectively.

Before the HPHT treatment, the BN powders after
MA are purified from hBN by etching in a NaOH melt
at 340 °C, with adding 10 % aqueous HCl solution, and
subsequent washing in distilled water and drying.

The HPHT treatment of powder mixtures after
MA is carried out in a HPA of the “anvil with a hollow”
type in the pressure range of 2.5—7.7 GPa and in the
temperature range of 1000—2000 °C.

The study of the powder after MA is carried out
with a high-resolution scanning electron microscope
(SEM) Mira equipped with an electron backskatter
diffraction (EBSD) detector (Tescan Co, Czech
Republic). The morphology of the surface fracture
of the obtained samples is studied with the atomic force
microscope (AFM) NT-206 (MicroTestMachines
Co, Belarus) in contact mode. Crystallographic
studies of the samples are carried out with the EBSD
method. X-ray powder researches are performed with
a Bruker D8 ADVANCE diffractometer (Germany) in
Cu-K, radiation. The study of specific surface is carried
out with the BET method using analyzer SA 3100
(Beckman Coulter, USA). The Vickers hardness of
the samples is measured using a Buehler Micromet-II
microhardness testing machine (Switzerland). The
microhardness is measured at a load of 200 g.

Experimental part and discussion of the results.
Mechanical activation of the hBN powders leads to
a partial decomposition of hBN and a decrease in
boron and nitrogen content in it, and with increasing
processing time the B,0O; content increases due to
the oxidation of released boron [12]. MA of the hBN
powders both in an attritor and in PBM promotes the
formation of round-shaped agglomerates with a size in
the range of 0.5—2 um, consisting mainly of separate
particles with a size in the range of from 50 to 200 nm.
It can be noted that MA in PBM leads to the formation
of more dense agglomerates predominantly (Figure 2 a),
than MA in an attritor (see Figure 2 b).

As the intensity of MA increases, the specific
surface area of the powders increases. Thus, during
MA the specific surface of the powders increases from
18.9 m?/g to 29.8 m?/g with an increase in the rotation
speed of the impeller from 700 to 800 r/min for 25 min.
Accordingly, the specific surface of the powder increases
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Figure 2 — SEM images of morphology of BN powder after MA:
a — in PBM during 10 min; b — in attritor during 30 min
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from 2.1 to 80 m?/g after MA in PBM within 10 min.
According to X-ray analysis data, the main phase
of the powder after MA in both the attritor and PBM
is hBN. At the same time, processing in PBM leads to
a significant decrease in the intensity of the reflex from
the plane (002) of hBN, as well as to its displacement
and broadening, and it can be caused by both a decrease
in crystallite sizes, formation of a defective structure,
and disordering processes in hBN [13].

With increasing MA duration, we can observe
a decrease in the intensity of the reflex (002) of the
hBN and its broadening caused by the destruction
of the initial hBN particles and an increase in their
defectiveness because of the hBN amorphization
(Figure 3).
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Figure 3 — Change in intensity of reflex (002) of hBN depending
on intensity of MA: 1 — initial hBN powder; 2 — hBN powder
after MA in attritor; 3 — hBN powder after MA in PBM

Thus, the MA in an attritor within 25 min leads
to a decrease in the hBN crystallite sizes <L> from
120 nm to 40—50 nm. The MA in PBM results in
an even greater decrease in <L>: after treatment for
5 min <L> = 9.2 nm, after 10 min <.L> = 7.1 nm and
after 15 min <L>=4.5 nm.

X-ray diffraction analysis performed with the
powders after MA in PBM for 10 min shows that in
this case on the X-ray patterns at the angular position
43°21" corresponding to the main line (111) ¢cBN,
from the side of small angles, a characteristic halo is
formed, and it indicates the formation of amorphous
nanocrystalline cBN, as well as another high-pressure
phase — wurtzite boron nitride (WBN).

A further increase in the MA duration does not
lead to an increase in the intensity of reflexes of cBN.
An increase in the intensity and MA time leads to the
reverse process of the hBN formation. The subsequent
chemical purification of the mechanically activated BN
powders results in a decrease in the mass of powders to
5-20 wt.%

After MA of the hBN powders in PBM and
subsequent chemical etching, there is powder with
light yellowish color, characteristic of cBN, left, and
it has an abrasive ability. After MA in an attritor and
chemical etching the powder has a light gray color with
a yellowish tint and a less pronounced abrasive ability.
As a result of etching, the specific surface area of the
BN powders increases sharply to 100—120 m?/g and
does not depend on the intensity of MA. After MA
in PBM and chemical purification, the BN powders
morphologically are dense conglomerates of round-
shaped particles about 100 nm in size, assembled in
fragile loose plate-shaped aggregates 0.5—2 mm in size.

Chemical purification allows to affect different
phases of BN selectively: the hexagonal phase of BN is
less resistant to the aggressive action of NaOH and HCI
under high temperature, therefore it is more strongly
etched compared to ¢cBN, and it is manifested in
a sharp decrease in the intensity of (002) the hBN line
on the X-ray pattern (Figure 4). At the same time, after
chemical purification the intensity of (111) the cBN
powder line practically does not decrease as compared
to the powder before chemical purification.

72

Sintering of the BN powders after MA under high
pressure and temperature. The purified BN powders
after MA are used for sintering under high pressure and
temperature in HPA with “anvil with a hole” according
to the method described in [14]. The HPHT treatment
is performed in the pressure range from 2.5 to 7.7 GPa
and temperatures from 1000 to 2000 °C.

Sintering of the BN powders after MA at pressure
less than 3 G Pa. Sintering of the BN powders after MA
at pressures less than 3 GPa in the temperature range
of 1000—1300 °C leads to the formation of compact
material based on plate polyhedral crystallites of BN
with a size of ~ 0.1—0.5 mm (Figure 5 a).

X-ray analysis of the material after the HPHT
treatment shows the presence of the hBN, wBN and
c¢BN phases, as well as compounds B3N3Cl6 in the
material (see Figure 5 b).

An assessment of crystallite sizes (coherent
scattering regions, CSR) of the formed phases shows
that CSR is 50 nm for the hBN and ¢cBN phase, and
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Figure 4 — X-ray diffraction patterns of powder samples after MA:
a — before chemical purification; b — after chemical purification [12]
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Figure 5 — Structure of compact material based on boron nitride after MA, chemical purification and sintering under pressure
of 2.5 GPa and temperature of 1300 °C: ¢ — AFM image of surface; » — X-ray pattern

40 nm for B;N,C phase. The analysis of the sintered
material by the EBSD method shows, along with the
BN phases indicated above, there are BN phases
of the orthorhombic, hexagonal and tetragonal
syngony (Table).

An increase in the temperature of the HPHT
treatment above 1500 °C at pressure of 2.5 GPaleads to the
formation of the hBN phase in the material. The Vickers
microhardness of the obtained material is 7—10 GPa.

Sintering of the BN powder after MA at pressure
of 7 GPa. According to X-ray analysis data, increasing
the sintering pressure of mechanically activated BN
powders up to 7 GPa and temperature up to 2000 °C

allows forming the material mainly based on the cBN
phase, regardless of the intensity of MA. According to
the AFM data, the obtained composite material has
a grain microstructure with grains of predominantly
equilibrium shape and 0.4—0.6 um in size. Larger grains
up to 1.1 mm, formed as a result of high-temperature
recrystallization (Figure 6 a) are also found.

Sintering of the mechanically activated BN with
aluminum activating additives. The use of additives
activating the sintering of the ¢cBN powders is of
practical interest, because it leads to a decrease in
the parameters (first of all, pressure) of the material
sintering as compared to the sintering process without

Table — The parameters of the crystal structure of the different BN phases: a, b, ¢ — stoichiometric composition; d — non-stoichiometric

composition

Spase group: 69 Spase group: 164

Spase group: 186 Spase group: 134

Laue group:3, mmm Laue group:7, 3m

Laue group:9, 6/mmm Laue group:5, 4/mmm

Rhombic syngony Hexagonal syngony Hexagonal syngony Tetragonal syngony
Unit cell length, A Unit cell length, A Unit cell length, A Unit cell length, A
a b c a b c a b c a b c
2.50 4.34 3.35 2.51 2.51 6.69 2.52 2.52 6.70 8.63 8.63 5.13
Unit cell angles, grad Unit cell angles, grad Unit cell angles, grad Unit cell angles, grad
9° | 90 | 90 9° | 90 | 120" | 900 | 900 | 1200 [ 90" | 90" | oo
Composition, atom % Composition, atom % Composition, atom % Composition, atom %
B50 | N 50 B50O | NS0 B50 | N 50 B9%,5 | N3,5

73



ISSN 1995-0470. MEXAHUKA MAIIMH, MEXAHU3MOB U MATEPHAJIOB. 2019. Ne 3(48)

Ehi Iy JNEDNY
st BT B B Dwacim

[ T

o

b

EERNRAAG. 33 b

Figure 6 — Images of material based on cBN sintered at different pressures:
a — AFM image; sintering pressure 7.0 GPa; b — SEM image; sintering pressure 5.5 GPa

additives, and it is especially important in the case
of submicro and nano powders of SHM. Aluminum
powder (25 wt.%) with a particle thickness of
0.2—0.5 um s used as an activating additive for sintering
the ¢cBN micropowders under HPHT. In addition,
aluminum has catalytic properties and stimulates the
phase transformation of the hexagonal modification
of BN to ¢cBN.

As a result, it has been found that the sintering
material based on the ¢cBN powder after MA is
possible at pressures less than 7 GPa, and at the same
time a material on the basis of polyhedral cBN grains
larger than 1 mm is formed, and it is 5—10 times
larger than the size of the initial powder particles. We
can also observe the cBN grains up to 10 mm in size,
which form as a result of collective recrystallization.
The structure of the material is characterized by the
presence of nanopores, there are separate micropores
with a size of 1—3 um (see Figure 6 b). Along with cBN,
in the material there are the hBN phase, aluminum
oxides ALQO,, AlO, aluminum oxynitride A,O;N,,
aluminum boride AlB,, and boron oxide B,0, as well.
The formation of oxides in the sintering treatment can
be explained by the presence of oxygen on the BN
powder in the form of oxygen-containing compounds
after chemical purification and washing in water, as
well as the diffusion of container material CaCO, from
the container into the sintering zone. The Vickers
microhardness of the obtained material, measured
under a load of 200 g, is 20 GPa. It can be concluded
that the addition of aluminum activates sintering, but
at the same time the ¢cBN recrystallization is observed.
In order to eliminate the cBN grain growth and
preserve the nanostructured state of the material it is
necessary to continue searching for optimal sintering
conditions under high pressure.

Conclusion. The study of the influence of MA
of varying intensity in the attritor and PBM on the
structural characteristics and phase composition of the
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BN powders has shown that when the hBN powder
is mechanically activated, the hBN stoichiometry
changes with its partial decomposition and release
of boron and nitrogen.

The X-ray analysis have revealed that MA leads
to a decrease in the intensity of the hBN crystalline
peak (002). With an increase in the duration of MA,
the BN substructure is transformed from crystalline to
nanocrystalline and amorphous. The BN powder after
MA represents aggregates up to 0.5—2 pum in size, they
consist of separate particles of polyhedral shape with
sizes in the range of 50—200 nm.

The specific surface area of the BN powders
increases from 18.9—29.8 m?/g (after attritor MA)
and from 80 m?/g (after PBM MA) up to values of
100—120 m?/g after MA and chemical purification.

The phase composition of the material from
the mechanically activated BN powders depends
on the conditions of the HPHT treatment. Thus, in
the material obtained at pressure of 2.5 GPa in the
temperature range of 1000—1300 °C, along with the
hBN, wBN and cBN phases, there are the BN phases
of orthorhombic, hexagonal and tetragonal syngony
(crystallographic systems). An increase in the sintering
temperature of the mechanically activated BN powders
above 1500 °C at that pressure leads to the formation
of only the hBN phase in the material.

Increasing the pressure of the HPHT treatment of
the mechanically activated BN powders up to 7 GPa
and temperature up to 2000 °C allows to receive
the material mainly on the basis of the cBN phase,
regardless of the intensity of the MA. The material has
a grain microstructure with a grain size of 0.4—0.6 um
and a cBN crystallite size of about 50 nm.

The addition of aluminum makes it possible
to activate sintering of the mechanically modified
BN powders at lower pressures, however because of
recrystallization, the size of the cBN grains increases
by 5—10 times as compared to the initial powder.



MATEPHAJIOBEJIEHUE B MAIIIMHOCTPOEHUH

References

L.

Bundy EP., Wentorf R.H. Direct transformation of hexagonal
boron nitride in denser forms. Journal of Chemical Physics,
1963, vol. 38, no. 5, pp. 1144—1149.

Aleshin V.G., et al. Sinteticheskie sverkhtverdye materialy: v 3-kh
tomakh. Tom 1. Sintez sverkhtverdykh materialov |Synthetic
superhard materials: in 3 volumes. Volume 1. Synthesis of
superhard materials]. Kiev, Naukova dumka Publ., 1986. 175 p.
Fedoseev D.V., Deryagin B.V., Varshavskaya [.G., Semenova-
Tyan-Shanskaya A.S. Kristallizatsiya almaza |Diamond Crys-
tallization]. Moscow, Nauka Publ., 1984. 134 p.

Vasilevsky I[.N., Pobol I.L., Leusenko A.A. Issledovanie
vliyaniya elektronno-luchevogo nagreva na kinetiku fazovykh
prevrashcheniy i svoystva nitrida bora [Study of the effect of
electron beam heating on the kinetics of phase transformations
and properties of boron nitride]. Novye materialy i tekhnologii
[New materials and technologies], 1994, pp. 60—61.

Novikov N.V., Shvedov L.K., Levitas V.I., Petrusha I.A.,
Polotnyak S.B. Eksperimentalnoe issledovanie vliyaniya
sdvigovoy deformatsii na fazovye prevrashcheniya v razlichnykh
materialakh [ Experimental study of the effect of shear strain on
phase transformations in various materials]. Sintez, spekanie,
i svoystva sverkhtverdykh materialov [Synthesis, sintering and
properties of superhard materials], 2000, pp. 131—144.

Faraji G., Kim H.S., Kashi H.T. Severe plastic deformation. 1-st
edition. Methods, processing and properties. Elsevier, 2018. 324 p.
Matrenin S.V., Ovechkin B.B. Nanostrukturnye materialy v ma-
shinostroenii [ Nanostructured materials in engineering|. Tomsk,
Tomskiy politekhnicheskiy universitet Publ., 2009. 186 p.
Zhdanovich G.M., Lupareva V.M. Matematicheskiy me-
tod opredeleniya kontaktnogo davleniya pri soudarenii sha-
rov i chastits v izmelchayushchem ustroystve — attritore
[Mathematical method for determining the contact pressure
in the collision of balls and particles in a grinding device —

B.T. CEHIOTDb, kang. TexH. HayK

BeIYILMiII HayYHbI COTPYIHUK J1a00paTOPUX HAHOCTPYKTYPHBIX M CBEPXTBEPIbIX MAaTepUaIoB!
E-mail: vsenyut@tut.by

C.A. KOBAJIEBA

CTapIINii HAyYHBIN COTPYTHUK JIADOPATOPUM HAHOCTPYKTYPHBIX U CBEPXTBEPIBIX MATCPUATIOB!
E-mail: sveta_kovaleva@tut.by

N.B. BAJIbKOBHNY

HayJIHBII COTPYIHUK JJaOOPaTOPUK HAHOCTPYKTYPHBIX U CBEPXTBEPABIX MaTEPUAJIOB!
E-mail: valigvl@rambler.ru

B.N. KOPHUK, n-p TexH. HayK, IOLI.
3aMECTUTE/Ib HaYaJIbHUKA OTIEACHUST TEXHOJIOTUIT MAIlIMHOCTPOSHUSI U METAJUTYPTUU — 3aBeAYIONIMIi TabopaTopueit
HaHOCTPYKTYPHBIX ¥ CBEPXTBEPIBIX MaTepUaIOB!
E-mail: zhornik@inmash.basnet.by

Jlu BEHIIEH, n-p TexH. Hayk, nipod.

nupekTtop I1IKobl HayKK U TEXHUKU?
E-mail: 375347189@qq.com

bo YEH, kaHa. TexH. HayK, JOLI.
HCCIIeIoBaTeb TOCYIaPCTBEHHOM Tab0paTOPUU MEPEIOBBIX MPOLIECCOB 0OPAOOTKH U MepepabOTKU 1[BETHBIX METAJIOB?
E-mail: chengbo@lut.edu.cn

Xa IOHI'KMH, kaHa. TexH. HayK, JIOLI.
HCCIIEN0BATEIb TOCYIaPCTBEHHOM JIAO0OPATOPUHM ITEPENOBBIX IIPOLIECCOB 0OPA0OTKH U IEPEPAOOTKHI LIBETHBIX METAJIJIOB?
E-mail: liws@lut.edu.cn

N3zait XAMUMMWH, kana. TexH. HayK, JOLI.
KCCIIeAoBaTe b TOCYIapCTBEHHO 1a00paTOPUHM MEPEIOBBIX ITPOLIECCOB 00PaOOTKM U ITepepabOTKU LIBETHBIX METAJIOB?
E-mail: liws@lut.edu.cn

attritor]. Poroshkovaya metallurgiya [Powder metallurgy], 2006,
no. 29, pp. 93-97.

Vityaz PA., Senyut V.T., Gameza L.M., Stefanovich A.A.,
Mosunov E.I., Kovaleva S. Issledovanie vozdeystviya attritornoy
i termobaricheskoy obrabotki na strukturu i svoystva materiala
na osnove nitrida bora [Investigation of attritor and thermobaric
treatment on the structure and properties of a material based
on boron nitride]. Materialy Il Mezhdunarodnogo seminara
“Nanostrukturnye materialy — 2004: Belarus —Rossiya” [Proc.
3rd International Workshop «Nanostructured Materials —
2004: Belarus — Russia»]. Minsk, 2004, pp. 154—155.
Horiuchi S., Huang J.Y., He L.L., Mao J.E, Taniguchi T.
Facilitated synthesis of cubic boron nitride by a mechano-
chemical effect. Philisophical Magazine A, 1998, vol. 78, no. 5,
pp. 1065—1072.

Senyut V.T., Kovaleva S.A., Mosunov E.I., Stefanovich A.A.
Structural and phase transformations in boron nitride during
attritor treatment. Chemistry for sustainable development, 2009,
vol. 17, no. 6, pp. 647—652.

Senyut V.T., Kovaleva S.A., Gamzeleva T.V., Grigorieva T.F.
Investigation of the structural features of boron nitride after
mechanical activation in attritor and planetary mill followed by
agglomeration at high pressure and temperature. Chemistry for
sustainable development, 2016, vol. 24, no. 2, pp. 169—175.
Vityaz PA., Senyut V.T. Sintez i primenenie nanostrukturnykh
sverkhtverdykh materialov instrumentalnogo naznacheniya
[Synthesis and application of nanostructural superhard mate-
rials of tool appointment]. Izvestiya Natsionalnoy akademii nauk
Belarusi. Seriya fiziko-tekhnicheskikh nauk [Proceedings of the
National Academy of Sciences of Belarus. Physical-technical
series], 2015, no. 3, pp. 60—76.

Vityaz PA., Gritsuk V.D., Senyut V.T. Sintez i primenenie sverkh-
tverdykh materialov [Synthesis and application of superhard
materials]. Minsk, Belorusskaya nauka Publ., 2005. 359 p.

'06beauHeHHBI HHCTUTYT MamnnHoctpoeHuss HAH Benapycu, . Munck, Pecriy6inka Benapych
2JlaHBYKOYCKMIA TTOTUTEXHUUECKUIA YHUBEPCUTET, I. JJanukoy, Kuraii

Tlocmynuna 6 pedaxyuro 19.07.2019.

75



ISSN 1995-0470. MEXAHUKA MAIIMH, MEXAHU3MOB U MATEPHAJIOB. 2019. Ne 3(48)

BJINAHUE MEXAHUYECKOW AKTUBALIMU U OBPABOTKU
NMPU BbICOKOM OABJIEHAU U TEMIMEPATYPE HA NMPOLIECC
CUHTE3A MATEPUAJIA HA OCHOBE HAHOCTPYKTYPHOI'O
HUTPUOA BOPA

B cmamve npedcmaenensvt uccaredosanus eausnus mexanuyeckoil akmusayuu (MA) u nocaedyroweii oopadbom-
Ku nod evicokum daenenuem u memnepamypoi (BABT) nopouwka eexcaconanvioco numpuda 6opa (hBN) na
eeo cmpykmypy u ¢hazosuvtii cocmas. [lposedentvie peHmeeHOCMPYKMYpHble U INeKMPOHHO-MUKDOCKONUYECKUE
uccnaedosanus nokasviearom, umo MA npusodum k npespaweruio cyocmpykmypol BN u3 kpucmaniuueckoii
8 HaHOKpucmaiauveckyio u amopuyro. O0HogpemeHHo ¢ 00pazo8anuem amoppHO-HAHOKPUCMANIULECKO20
Kybuueckoeo Humpuda o6opa (¢cBN) 6 nopouwkax BN nocae MA obpazyemcs ewe o0na haza évicokoeo dasne-
Hus — eropyummblii Humpud 6opa wBN. B pesysomame cnexanus nopouikoé hBN nocie MA noo dasaenuem
2,5 I'lla 6 unmepesane memnepamyp 1000— 1300 °C, nomumo ¢pa3 hBN, wBN u cBN, 6 noayuennom mamepuane
dopmupyromes gpazot BN pombuueckoil, eexcacoHanbHOil U mempazoHaabHoll KPUCMAaN10epagduiecKux cucmem.
Tepmobapuueckas oopadomia nopouikos hBN nocae MA nod dasaenuem 7 I'lla nossonrsiem noayuumes mamepu-
an, cooepycawuil pazy cBN c pazmepom kpucmanaumos okono 50 um. lobasku arromunus cHuxicaom oaeieHue
CHeKaHusl, Ho 8 Mo Jce 8pemsl 6credcmeue pekpucmaniusayuu pasmep 3epna cBN e noayuennom mamepuane
yeeauuueaemest Ha NOpsOOK N0 CPAGHEHUIO C UCXOOHBIM NOPOULKOM.
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