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HYDROLYSIS AND THERMOBARIC BEHAVIOUR OF AMORPHOUS BN:
STRUCTURAL CHANGES AND CuUBIC BN FORMATION

The aim of this work was to study the thermobaric behaviour of the X-ray amorphous a-BN in the
supply condition with elucidation of pressure-temperature conditions of cubic BN forming without traditional
solvent catalysts facilitating phase conversion. The source powders were obtained using a modified urea
process in combination with thermomechanical treatment of the furnace charge. The technology allows
reducing the synthesis temperature almost 2 times, while significantly increasing of BN product yield (> 96%).
The very small sizes of the structural cluster elements of final a-BN (< 2 nm) cause the heightened activity of
this precursor. The powders thermobaric treatment was performed in toroidal type high-pressure apparatus
at pressures 6.5 and 8 GPa and temperature ranges of 1350-2200 °C. XRD methods (Ultima 1V, Rigaku,
diffractometer, Japan) and scanning electronic microscopy (FEI Verios 400L XHR SEM, USA) were employed
for structural studies. It was found, that initial a-BN is characterized by higher chemical activity, which results
in a partial hydrolysis of the compound when moisture is absorbed from the open atmosphere. The fusible
reaction products, including orthoboric acid H3BOs;, ammonium pentaborate NH4BsOs-4H,O and ammonia
nitrate NHsNOs, play a key role in the of structural transformation and a-BN—>cBN recrystallization
processes. It was found that at pressure of 6.5 GPa full conversion with the formation of spacious segregation
of cBN nanoparticles (crystals) takes place even at 1400 < within 45 s of p,T-action which is ascribed to
catalytic effect of the fluid phases. From the standpoint of research-applied potential of results obtained, they
can be viewed as a definite basis for development of technology for nanodispersed cBN powders synthesis with
their further use for sintering superhard materials, in particular, tool-making materials.
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Introduction

Mass crystallization processes from multicomponent systems with solvents-catalysts
facilitating the conversion of graphite-like boron nitride (gr-BN) to cubic (cBN) are currently most
widely used worldwide in production technologies of dispersed cBN materials. The millions carats
of powders are annually synthesized by leading industrial companies for production of superhard
cutting materials and abrasive tools. The sintering technologies at manufactoring of polycrystals and
composite materials based on BN cubic phase have undoubted exceptional advantages over the
processes of direct gr-BN solid-phase transformation into cBN. Among them the relatively low
parameters of p,T-action are important, which allows to produce large-size sintered blanks, but the
most significant is the possibility of flexible adaptation of composites and their performance to
specific conditions of use in metalworking. Purposeful changes of the structure, composition and
content of components of cutting material based on cBN (composites of BL and BH groups) allow to
diversify this adaptive function [1, 2].
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Meanwhile, the interest to making of polycrystalline cBN by gr-BN direct solid-phase
transformations, as usual at more high pressures and temperatures, has not subsided since the
publication of F. R. Corrigan and F. P. Bundy [3]. Material science researches in this area have recently
received a new motivation and impulse due to development of new technologies of BN powdered
materials which define the genesis and peculiarities of its structural state. In particular, special attention
is drawn to the reports about the “extra-hardness” of the cBN polycrystals obtained (HV ~ 60-110
GPa), which is 2-3 times exceeds the single crystals hardness [4-10]. Of course, the structural factor is
decisive in this case. In the course of solid-phase transformation the p, T-conditions and features of grain
grows processes (recrystallization) should be taken into account if it is necessary to fix the submicron
or nanocrystalline structural state of ¢cBN polycrystals. The effects of structure strain hardening, in
particular due to grain nanotwinning, are also relevant when reaching extra level of mechanical
properties of the final product. Extreme thermobaric conditions are typically required for such processes
implementation: pressures p=9-20 GPa (mainly p > 15 GPa), temperatures T =1500-2300 °C,
duration of action is 20-30 minutes. In many cases the exploratory researches in this area had a
fundamental trend as a rule. The sizes of the samples obtained are rather small and consist of 1.5-2 mm,
which is in general sufficient to studding of their structure peculiarities. On the other hand, the
possibilities of testing of physical and mechanical properties, in particular from the standpoint of
instrumental material science, are significantly limited.

In the processes of direct solid-phase transformation of powdered gr-BN initial materials
(direct conversion sintering method — DCS by [11]) a dispersity of the system causes facilitated
diffusion activity and promotes the gr-BN—cBN conversion.

At using of high-purity hBN crystalline powders, which were previously deoxidized to the
level of oxygen concentrations of 0.06—0.07 mass %, a limit density of cBN polycrystals was reported
to have achieved (porosity was less of 0.5 %) and as a result a translucency of the samples in the
visible spectral region has arisen [9, 12, 13]. In the known technical solutions baric conditions needed
to high-strength ¢cBN structure formation were significantly “softened”. The required pressures were
typically around 7.7-10.5 GPa and it gave rise to technical possibilities to make the large-sized cBN
polycrystals using appropriate high pressure apparatuses (HPA) with enlarged reaction volume.
Under these thermobaric conditions the blanks with a diameter of 6-12 mm and a thickness of 5-15
mm were produced depending on type of HPA. As for temperature conditions, the hBN—cBN
conversion was turned out to reach only at temperatures T > 2200 °C.

The similar high temperatures are required in case of high-purity bulk pyrolytic materials
based on gr-BN if it is necessary to form an essentially homogeneous (monophase) state of final cBN
product [9, 14]. From the standpoint of instrumental application of cBN polycrystals it is important
to consider a possible high temperature grain growth process which threatens to the structural
weakening of the cutting insert material [9]. In addition, in pure materials a high mobility of
intergranular boundaries is known to accelerate undesired collective recrystallization. Taking into
account known data concerning peculiarities of the conditions-structure-properties triad the obvious
conclusion follows that at additional mechanical or mechanochemical activations of initial powders
the thermobaric parameters of the gr-BN—cBN conversion are certainly reduced.

Methods of high-energy mechanical activation of hBN powders are often used to clarify to
what extent a structural instability affects not only the processes of cubic BN spontaneous
crystallization but also DCS features, for example [15, 16]. At the same time, note that the negative
consequence of activated state concludes in increasing of powder sorption capacity — adsorption and
retaining of gases and moisture. Thus, finding out the effects of influence requires considering of
more complex mechanisms that are essentially related to the mechanochemical nature of activated
state of the initial hBN powders.

In this work we studied the thermobaric behavior of X-ray amorphous boron nitride (a-BN)
obtained by modified urea process in combination with thermomechanical processing of the furnace
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charge. This technology allows reducing the synthesis temperature of a-BN almost 2 times, while
significantly increasing of BN product yield (> 96%). Very small sizes of the structural cluster
elements of final a-BN (< 2 nm) cause the heightened activity of this precursor.

Experimental studies and results obtained

The needed conditions of thermobaric action were created using a toroidal type of HPA [17,
18]. The available varieties of toroidal HPA-20 (reaction volume V ~ 0.5 cm?®) and toroidal HPA-30
(V =1 cm?®) were used in both experiments. The pressure in toroidal HPA-20 using for previous
probe-based experiments was set according to the calibration of the apparatus at room temperature.
The temperature in the sample center was estimated by thermocouple calibration with parabolic
extrapolation of data to 2200 °C. The method of assembling high pressure cells and other technique
devices corresponded to those described in [19]. In case of HPA-30 a special p,T-parameters
correction was performed taking into account a pressure dependences of the melting temperatures of
Ag and Pt as well as eutectic melting in the Mo-C system. The point of intersection of the melting
curve Pt with the line of thermodynamic equilibrium of graphite-diamond (p = 7.15 GPa; T = 2083
°C) was assumed as reference p,T-point [20, 21]. Thermobaric loads in the work corresponded to
pressures of 6.5 and 8 GPa with an error of = 0.3 GPa and temperatures in the range of 1350-2200
°C with an error of £50 °C. The duration of p,T-action did not exceed 60 s.

The XRD studies were fulfilled in focusable Bragg-Brentano reflection geometry in
monochromatic CuKa radiation using Ultima IV diffractometer (Rigaku, Japan). A curved graphite
single crystal installed on a diffracted beam was used as a monochromator. Diffractograms were taken
using step-by-step scanning in the range of angles 26 from 20 to 100 degrees. Based on the lines
extension analysis (hkl) with | # 0, the degree of three-dimensional ordering of gr-BN (P3) structures
was estimated by O.V.Kurdyumov’s method [22]. Electron microscopic studies were performed
using a FEI Verios 400L XHR SEM microscope (USA).

In the supply state the a-BN is a dispersed product prone to agglomeration (fig. 1, a).

Fig. 1. Initial a-BN: a —an appearance of the agglomerated product (supply state); b — HRTEM
image of disordered BN and SAD from the structure fragment

Agglomerates (granules) have a predominantly round shape and the internal organization of
their structure consisting probably of different levels is responsible for the rather high strength of the
granules. It may also indicate a high level of structural instability of a lower level self-connected
structural elements. A significant disorders of gr-BN lattice were found by high-resolution
transmission electron microscopy (HRTEM) a (fig. 1, b). Selected area (electron) diffraction (SAD)
from structure fragment shows strong diffuse ring reflections corresponding to the 002 and 100
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indices of gr-BN planes.

Heat treatment of the initial a-BN in the agglomerated state at 100 °C for 5 h leads to some
weight loss Am =1.6 wt. % of the sample due to thermal desorption of gases and moisture (fig. 2).
Note that at drying the a-BN powder was placed in the oven in a natural manner and distributed in
even layer with a thickness of 5 mm on a titanium deck.

Being in the open air with a relative humidity of ¢ ~ 60 % (room temperature 20-25 °C) after
drying powder was observed to slow saturate with gases and moisture results in a significant change
in mass (step 2, fig. 2). Subsequent re-annealing at 100 °C after a certain thermodesorption stabilizes
the sample mass at a level which was above the starting one. It may indicate the partial hydrolysis of
a-BN (step 3). After that, the sample again starts to saturate with gases and humidity in the open air
(step 4). Experimental data on the Kinetics processes at all steps are well approximated by exponential
functions (fig. 2, table 1).
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Fig. 2. Thermodesorption of gases and moisture from a-BN agglomerated powder at 100 °C (1, 3), as
well as the reverse saturation process in the open air (2, 4). The Am (wt. %) corresponds to the ratio
to the starting sample mass of a-BN in the supply state; a — initial stages of drying (enlarged image)

Table 1. General characteristics of gassing and gas saturation processes for agglomerated
a-BN during heat treatment (fig. 2)

S_tage Process characteristics Duration, As_ymptotic Standard

(fig. 2) _ h limit, % error, %
L o e | 5| s | oo
9 Adsorptg);e;)fa?fzcisrag% _n;%litcure in the 95 28.89 037
S e | B | ma | o
4 Adsorpt(;ggno;igrjzste; ingomgészlge in the 50 25 91 L 027
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The obtained results show extremely high chemical activity of a-BN which is not typical for
highly crystalline dispersed hBN products absolutely. The a-BN hydrolysis depending on the amount of
moisture and treatment conditions is possible with the formation of boric acid under the reaction [23]

BN + 3H20 = H3BOs + NH; T
or ammonium pentaborate according to reaction [23, 24]
5BN + 12H,0 = NH4Bs0g-4H,0 + 4NH3 7.

Based on the results of studies by infrared spectroscopy [25] amorphized by mechanical
activation (h—a)BN powder at the initial stages of hydrolysis forms X-ray amorphous
NH4Bs06(OH)4 - 4H.0 according to the reaction

5BN + 14H20 — NH1Bs06(OH)4-4H20 + 4NH3 T.

When the hydrolysis product is heated, a new phase appears, which can be interpreted as
ammonium pentaborate NHsBs0s-4H20. As a result of thermal dissociation NH4BsOs(OH)4 at T <
300 °C NH4BsOg is formed, which is registered by X-ray diffraction methods [25, 26]. Hydrolysis
(h—a)BN takes place even at room temperature under the action of atmospheric moisture, in which
case, the smell of ammonia is felt.

In our experiment in the process of heat treatment at third stage at 100 °C (fig. 2) also stated the
fact of ammonia release by organoleptic sensation. If we follow the version that the stabilization of the
sample mass ends with the formation of NH4BsOs(OH)4 - 4H-0, then based on the mass balance of the
initial and final reaction products, the calculation of the proportion of hydrolyzed a-BN at 100 °C shows
that this proportion is & =10.2 mass % (from the dry product starting mass). If we assume that the
hydrolysis product completely decomposed within of 95 hours of thermal treatment, having formed
NH4BsOs, then a similar calculation results in 6 = 24.4 mass %. Thus, there is some uncertainty in the
value & due to the lack of specific data on the composition of a-BN hydrolysis products.

Returning to the initial a-BN, the pronounced flowability and compaction ability at usual
compression in steel molds were found to be inherent for the powder in state as supplied. As a result,
it is possible to obtain solidity samples of the required size for outfitting in the high pressure cells of
the HPA. A density of self-bound a-BN compact samples meanwhile is relatively small and does not
exceed 1.45 g/cm® at a maximum compression pressure p = 0.6 GPa (fig. 3, a). Note that some
varieties of highly crystalline hBN powders are compacted by pressing to a density of ~ 2.14 g/cm?®
which corresponds to a porosity of 6.6% only.

Fig. 3. Microtopography of the samples structure (SEM images): a — initial a-BN compacted by
pressure of 0.6 GPa; b — microstructure after thermobaric action (p =8 GPa, T =1350 <, t =60 75)
and crystals aggregation of impurity phase (insert)
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In the bulk sample made by compaction of a-BN powder using steel mold the nanoscale
structure is quite clearly revealed — the structure elements with a size of 30-50 nm in a shape close
to spherical one (nanosized balls). Undoubtedly, the real structure of the balls is such, as shown in
fig.1, b. In the first preliminary thermobaric experiments with the initial a-BN (state of supply) at p
=8 GPaand T =1350 °C (t =60 s) the structure of the material was found to evolve rapidly. Flat face
polyhedral forms appear on the crystals the sizes of which are mainly in the range of 100-200 nm
(fig. 3, b). The aggregations of much larger crystals were also observed (insert in fig. 3, b). The habits
of these crystals do not correspond to hBN hexagonal symmetry and therefore, most likely, they
belong to the impurity phases. X-ray studies indicated that a-BN has been almost completely
recrystallized into hBN with P3 ~ 97% (fig. 4).

All hBN reflections are
present on the corresponding X-
— hBN(002) ray profile (fig. 4, b). The texture
of the phase is weak, cBN peaks
are not observed. From hBN
profile analysis it was determined
p=8GPa, T=1350°C,t=60s that there is a deviation from
stoichiometry with the presence of
vacancies in the boron sublattice.
An unusual change in the lattice
periods is also recorded —
decreased ¢ = 0.66459 nm instead
of 0.66612 nm, and increased a =
0.25051 nm instead of 0.2504 nm.

_ The group of peaks between the
a M St Bhl position of hBN (002) and 35 deg
of 20 can be associated with the
impurity phase, most likely with

26 (CuKa), deg . .
. . - boric acid H3BOz. The presence of
Fig. 4. XRD profiles of the samples: a — an initial a-BN; b — ammonium 3nitr;te NHp4N03 and

HP-HT treated products obtained from a-BN as the starting urea (NH2):CO is also not
material at p =8 GPa; T =1350 € andt =60 s excluded, but for these phases

there is a coincidence of only 2—-3 weak lines.

The formation of structurally perfect hBN at relatively low temperature can be explained by
solution-melts mechanism of recrystallization controlled by the presence of impurity phases in the
liquid state. The process takes place in cBN thermodynamic stability region and corresponds to the
alternative behaviour according to the Ostwald’s rule of stages and metastable transitions [27]. A
more stable state with cBN formation is not achieved due to insufficiently high kinetic activity in a
multicomponent system at 1350 °C.

In subsequent experiments, we used preliminarily homogenized a-BN powder. For this an initial
agglomerated a-BN powder (20 g) has been subjected to ultrasonic disintegration in ethyl alcohol (150
ml) for 1 h (three times of 20 min duration with alcohol restitution after the sedimentation of dispersed
product). An alcohol was evaporated from the precipitate in the open air at 40 °C for 12 h and after that
the adsorbed gases were additionally removed by thermal desorption at 150 °C for 1 h using a drying
oven. The density of the samples after mold compaction of the disintegrated a-BN powder was d = 1.3
g/cm?. The toroidal HPA-30 was used in this series of p, T-loads.

The main features of the thermobaric a-BN behaviour at temperatures in the range of 1400—
2200 °C were the formation of cBN and the absence of even a trace amount of residual graphite-like
phase since the most intense reflection of hBN (002) was not observed on X-ray profiles of the
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samples (fig. 5, insert). The group of peaks between 22 deg. of 26 and position of cBN (111) belongs
undoubtedly to the impurity phases mainly ammonium pentaborate NH4BsOg-4H>O and ammonium
nitrates NH4NOs the relative content of which varies depending on p,T,t-conditions (fig. 5, table 2).
The sample obtained at highest parameters of thermobaric action (p = GPa, T = 2200 °C, t=60s)

consists of cBN and ammonium pentaborate NH4BsOg-4H,0 only.
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Fig. 5. XRD profiles of the samples obtained from a-BN as the starting material at different p,T,t-
parameters of thermobaric action: the insert shows no hBN (002) reflection (the most intense hBN
peak); the reflections of impurity phases are localized in the range of 22-43 deg of 26 (Table 2)

Table 2. Phase and impurity composition of samples according to PDF database and relative
intensity of main reflections of each of components

Thermobaric BN phases and impurities with space groups of symmetry
action parameters and relative intensity of main reflections, %
HsBOs | NH,BsOg-4H,0 | NHiaNO; | NHsNOs
Pl toc | ts hBN cBN P1, Pmmm Pmmn Pmmn
GPa | " ' P6z/mmc | F43m (NH,)2CO? 31-0043 73-1518 | 70-1443
NH.NO3z ? Bba2 Pbnm Pmnm
8 1350 | 60 79 — 21 — — —
6.5 | 1400 | 45 - 69 - 12 19 -
6.5 | 1800 | 45 — 62 — 7 31 —
6.5 | 2200 | 45 - 61 - 25 8 6
8 2200 | 60 — 73 — 27 — —

SEM studies have shown that at pressure of 6.5 GPa and temperatures from the range of 1400—
2200 °C the a-BN into cBN transformation is completed by the formation of specific nanodisperse
structures with extended segregations of mostly rounded particles (crystals). The particles size varies from
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20-40 nm to 100 nm depending on temperature of thermobaric action (fig. 6, a—).

Fig. 6. Microstructures of samples obtained from a-BN as the starting material depending on
temperature: a, b, ¢ —1400, 1800, 2200 < respectively (HPA-30, p =6.5 GPa, t =455s); d — 2200
(HPA-20, p =8 GPa, t =60 s)

Note that at normal pressure the melting points of impurity phases, including ammonium
pentaborate (table 2), do not exceed 200 °C which is virtually an order of magnitude lower than the
temperatures of thermobaric treatment of a-BN in our experiments. Thus, it is likely that in such p,T-
conditions the impurity phases pass to the supercritical region, i.e. form supercritical fluids (SCF). The
conversion of a-BN—cBN is essentially a metamorphic process in presence of fluids. Therefore phase
transformation may be substantially accelerated and facilitated due to the participation of the movable
SCF component. In this regard, note that the most known feature of various SCFs is their high
efficiency as solvents for organic and inorganic compounds, for example [28]. In addition, recall that
as early as 1975 T. Kobayashi et al. put forward and experimentally confirmed the hypothesis
according to which NH4Bs0g melt, formed due chemical interaction between hBN and H,O, acts as a
solvent through which at high pressures and temperatures the hBN into cBN transformation was
realized [29]. In developing the hypothesis the authors also foresaw new solvent catalysts for cBN
obtaining such as urea (NH2)2CO, ammonium nitrate NHsNO3z and others.

At pressure of 6.5 GPa the cBN particles size increased by 4-5 times up to 100 nm with
changing of p,T-action temperature from 1400 to 2200 °C. Certainly the particle growing is
thermodynamically stimulated. This spontaneous process is facilitated and intensified with rising of
diffusion activity in a system containing SCF. Based on formal signs the process has common features
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with the recondensation of particles with the participation of a liquid solvent medium (Ostwald
ripening). Under the conditions of high pressure compression of the sample other evolutional
mechanisms are also probable, especially at increasing temperatures, which are similar to the dynamic
coalescence of contacting particles (Smolukhovsky ripening model).

In addition to a growing of cBN particles the strong changes in the sample microstructure
appear with pressure increasing to 8 GPa (HPA-20; T =2200 °C, t=60 s). There are signs of
morphological evolution of the segregate state of cBN phase. The changes were characterized by
transition to the stage of cBN particles consolidation (sintering) with the formation of extensional
frame structures which in general still remained rather disintegrated (fig. 6, d).The main reason for
the material discontinuity is undoubtedly the inclusions of impurity phases, in this case of ammonium
pentaborate (fig. 5, table 2). Note that from the point of view of petrogenesis a pressure solution creep
mechanism with SCF participation may dominate in the processes of formation of such consolidated
structures [30]. The pressure solution is largely governed by chemical potential differences between
dissimilar crystals faces as well as the inhomogeneous stress state of the sample structure. The
evolutional sequence of the process consists of dissolving, diffusion-controlled transfer and following
precipitation of a substance on low-potential free surfaces. An increasing of material density is the
consequence of macroscopic structural changes caused by the action of the described mechanism.

Concluding remarks and perspectives

The aim of this work was to study the thermobaric behaviour of the X-ray amorphous a-BN
(delivery state) with elucidation of p,T-conditions of cBN formation no using the traditional solvent-
catalysts. In the course of studies, it was found that a-BN is characterized by heightened chemical
activity — the powder being in the open air rather noticeably adsorbs gases including atmospheric
humidity resulting in the partial hydrolysis of the samples with temperature increasing.

Low-melting products of chemical reactions such as HsBO3s, NH4Bs0g-4H,O and NH4NO3
facilitate the processes of structural transformations and a-BN—cBN recrystallization. At pressure of
6.5 GPa a conversion of gr-BN goes with formation of extended segregation of cBN nanoparticles
(crystals). Complete a-BN—cBN transformation occurs even at 1400 °C of p,T-action during of 45
s, which may be attributed to the catalytic effect of fluid phases. Most likely SCF phases emerge on
based of above products of hydrolysis. Note, in terms of the quasi-equilibrium approach, that
regardless of the thermodynamics of the initial and final phases the presence of melt-solvents leads
to increasing of entropy of the activation state (ASa) of the conversion process. Therefore, free
activation energy of a-BN—cBN transformation (AGa) should reduced since AGa = AHa — TAS,,
where AHa is the enthalpy of activation. Thus, it can be concluded that SCF-phases acting as BN
solvents form an active medium for cBN spontaneous mass crystallization.

From the standpoint of scientific and applied potential of the results obtained they may be
hypothetically considered as a certain basis for the development of technology for synthesis of
nanodispersed cBN powders. This fine-grained cBN product is interesting for use as a starting one for
producing sintered superhard bodies in particular with a finer structure for special instrumental use. We
emphasize that the methods of recovering, enrichment and purification should be adapted to
particularities of synthesized product, in particular, taking into account the nanodispersed state of cBN.
In this regard, it’s necessary to focus on the results obtained by T. Taniguchi, et al. [16], where similar
study has been performed. The authors went through the entire technological sequence from synthesis
to sintering of cBN powders and demonstrated some mechanical and optical properties of the sintered
polycrystalline fine-grained body. The Vickers hardness was about 40 GPa at indentation load of 4.8 N
and sample exhibited high translucency testified to a high level of its purity.

Taking into account the results of thermobaric experiments using HPA-30, the evolutionary
processes of structural and phase transformations of the a-BN (supply state) were found to not
correspond to the features of DCS and are actually a process of catalytic synthesis of cBN. The high
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density cBN polycrystalline structures with perfect grain boundaries of recrystallization origin were
not formed at any parameters of p,T-treatment. The obvious reason for such behaviour consists in the
significant amount of impurity phases that emerge due to a-BN partial hydrolysis and further remain
in the final product with cBN. On the other hand, it should be noted, that special methods of purity
maintaining of mechanically activated a-BN do not provide the desired results [16]. The a-BN—cBN
phase conversion of activated powders without contamination was found quite difficult to achieve
even compared to the known results for DCS of crystalline hBN powders.

The last circumstance increases the interest to use the gr-BN with high level of three-
dimensional structural ordering as the starting high-purity dispersed materials. Product line of Dan
Yardeni associates Ltd., Innovative Materials and Technologies, contains a number of gr-BN powders
produced by thermal treatment (recrystallization annealing) of the initial a-BN: turbostratic and quasi-
turbostratic BN; quasicrystalline (t, h)BN in synthetic combination with turbostratic component;
crystalline hBN and other (fig. 7).

Fig. 7. Changing of gr-BN particles morphology depending on temperature of recrystallization
annealing of the a-BN powder in a pure nitrogen atmosphere (SEM image): a — quasicrystalline (t,
h) BN with turbostratic component (1500 <C); b — crystalline hBN (1600 <C)

The detailed study of the above gr-BN powders transformation behavior during thermobaric
action, further clarification of DCS conditions of a full gr-BN—cBN conversion combined with
researches of physical and mechanical properties produced cBN polycrystalline structures are
important for further work including from the standpoint of instrumental materials science.

The work was performed in collaboration with Dan Yardeni associates Ltd., (Innovative
Materials and Technologies), Ben-Gurion University of the Negev and Taras Shevchenko National
University of Kyiv at funding by National Academy of Sciences of Ukraine in the framework of
scientific-research subject area of V.M. Bakul Institute for Superhard Materials NAS of Ukraine in
accordance with research 111-1-17 (0135) «Regularities of formation of structure and properties of
thermally stable wear-resistant materials of cubic BN during conversion sintering and sintering with
multicomponent single-phase bonds».
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I. A. Herpyma?, JI. Apaeni?, O. Hpuayusknii’, P. llnex®, H. M. Binasuna®,
0. C. Ocinos}, T. I. Cmipnosat

Ynuemumym naomeepoux mamepianie im. B. M. Baxyns HAH Ykpainu
2 TOB Acouyiayis Jlan Apoeni, Innosayiiini mamepianu i mexnonozii, Ispaine
3 Hezigcokuil ynisepcumem im. JJaeuoa Ben-T'ypiona, I3paine
*Kuiscoxuii nayionansnuii ynisepcumem im. Tapaca Illesuenka, Ypaina

I'TAPOJII3 TA TEPMOBAPUYHA ITIOBEJIHKA AMOP®HOI'O BN: CTPYKTYPHI 3MIHHU 1
YTBOPEHHJ KYBIYHOI'O BN

Mema pobomu nonseana 6 eugueHHi mepmooapudHoi NoedinKu penmeeHoamop@ro2o a-BN 6 cmani
nocmayauHa 3 3'acysanuam p, T-ymoe ooepoicanns kyoiunoeo BN 6e3 suxopucmants 6y0b-aKux mpaouyitiHux
Kamanizamopie po3uuHHUKI8, w0 noie2ulyioms azose nepemeopenHs. Buxioni nopowku ompumysanu 3a
MOOuGikosanum KapoOaAMioHuM npoyecomM 6 NOEOHAHHI 3 MEePMOMEXAHIYHOIO O0OPOOKOIO  WUXMU.
Tepmobapuury 06poOKY NOPOWIKI6 BUKOHYBAIU 8 ANAPAMAX MOPOidaibHo20 muny npu muckax 6,5 i 8 I'Tla ma
memnepamypax 3 oianazony 1350-2200 °C. [Ina cmpykmypuux 0ocriodxceHb Oyau 3a1y4eni penmeeHi8CoKi
memoou (Ougpaxmomemp Ultima 1V, Rigaku, Anounia) ma ckauyroua enexkmponna mikpockonis (FEI Verios
400L XHR SEM, CIllIA). Bcmanosneno, wo 0as 6uxionoco a-BN npumamanna nidsuwjena Ximiuna
AKMUBHICMb, BHACNIOOK 4020 NPU NO2TUHAHHI 80102U 3 8i0KpUmMoi ammocgepu 8i0bysacmvpcs 4acmKosuil
2idponiz cnonyku. Jleckonnaski npodykmu peaxyitl, 8 momy yucii opmobopra kucioma HizBOs, nenmabopam
amoniro NHsBsOg-4H,0 i nimpamu amoniro NHsNO3, gidicparoms kiouo8y pois 6 npoyecax cmpyKmypHux
smin ma nepexpucmanizayii a-BN—>cBN. I[lpu mucky 6,5 I'lla noene nepemeopenus 3 (opmyeaHHAM
npocmopux ceepezayii HaHowacmurox (kpucmanis) cBN siobysacmucs nasime npu 1400 C 3a 45 ¢ p, T-0ii,
WO No8’A3YEMbCA 3 KamanimuuHum epexmom @Guoionux ¢haz. 3 mouku 30py HAYKOBO-NPUKIAOHO20
nomeHyiany OMpUMaHux pe3yibmamis ix MOXCHA pPO32NA0AmU K Ne6HY OCHO8Y 051 pO3POOKU MeXHON02I
CuHme3sy HAHOOUCHEPCHUX NOpouikie cBN 3 nocnioyiouum GUKOPUCMAHHAM iX O CRIKAHHA HAOMEEpOux
mamepianie, 30Kkpema iHCMpPYMeHMANbHO20 NPUSHAYEHHSL.

Knwuogi cnoea: nimpuo o6opy, amopgna cmpykmypa, 2ioponi3, 6Ucoxuu muck, ¢pazose nepemeopenisi

H. A. Herpymal, JI. Apaenu?, O. Hpuayukmnii?, P. Hlnex®, H. H. Beassuna®, A. C. Ocunos!,
T. U. CmupHoBa'

Yemumym ceepxmeepowvix mamepuanos um. B.H. Baxyna HAH YVxkpaunui
2000 Accoyuayus [Jan Apoenu, Hunosayuonnvle mamepuanst u mexrono2uu, M3pauns
3Hezescxuii ynusepcumem um. Jlasuda ben-I'ypuona, Hspauns
*Kuescxuii nayuonanvnoti yuusepcumem um. Tapaca Illesuenxo, Ykpauna

rmarPoOJin3 U TEPMOBAPUYECKOE ITIOBEJEHUE AMOP®HOI'O BN: CTPYKTYPHBIE
N3MEHEHUMSA 1 OBPABOBAHUE KYBUYECKOI'O BN

ILlerv  pabomwvl  3axkmiouanace 6 U3YUEHUU OCODEHHOCMEU MepMOOapuuecKkoeo nogedeHUs
penmeenoamoppuoeo a-BN ¢ cocmosnuu nocmaexu ¢ evisicnenuem p, T-ycrosuii nonyuenus Kyouveckozo BN
0e3 UCNOIb308AHUSL KAKUX-TUOO MPAOUYUOHHBIX KAMATUZAMOPOs-pacmeopumenet, obieuarowmux hazogoe
npespaujerue. UcxoOnvle nOpowKy noiyuervl MOOUGUYUPOBAHHBIM KAPOAMUOHBIM MEMOOOM 8 COYEMAaHUU C
mepmomexanuyeckol obpabomxou wuxmel. Tepmobapuueckyio 06pabomKy HOPOWKOS 6bINOJHALU 8
annapamax mopouoanvbho2o muna npu oasnenusx 6,5 u 8 I'lla u memnepamypax uz ouanazona 1350-2200 C.
[l cmpykmypuvix ucciedo8anuil Obiiu NPUIeueHbl peHm2eHosckue memoowl (Ougpaxmomemp Ultima 1V,
Rigaku, fnonus) u crxanupyrowas snexmponnas muxpocxkonus (FEI Verios 400L XHR SEM, CIIIA).
Yemanosneno, umo ona a-BN npucywa nosviuennas xumuueckas akmugHocmy, 8 pe3yibmame 4e2o npu
noenowjenuy  61acu U3 OMKPLIMOU aAMMOCEEPbl  NPOUCXOOUM  YACMUYHBIL  2UOPOIU3  COCOUHEHUS.
Jlezxonnaskue npodykmul peakyuti, ¢ mom uucie opmobopnas xucioma HzBOs, nemmabopam ammonus
NH4Bs0s-4H,0 u numpamer ammonuss NHaNOsz, ueparom xmiouesyro poav 6 npoyeccax cmpyKmypHuIX
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usmenenutl u nepexpucmannuzayuu a-BN—CBN. [lpu oOaserenuu 6,5 I'lla nonnoe npespawenue c
dopmuposanuem obwupnsix ceepezayuti Hanouacmuy (kpucmaiios) CBN npoucxooum oasce npu 1400 °C 3a
45 ¢ p,T-Oeiicmsus, wmo ces136l8aemcs ¢ Kamaniumuyeckum dgpgexmom garoudnvix gaz. C mouxu 3peHus
HAYYHO-NPUKTIAOH020 NOMEHYUANA NOAYYEHHbIX —Pe3yIbMmamod Ux MOJICHO —PACCMAMpUsams  Kax
ONPEOeNeHHYI0 OCHO8Y O/ pa3pabomKu MexHOA02UU CUHmesa HanHooucnepcuvix nopouwkog CBN ¢
NOCIeOYIOWUM — UCHONb30BAHUEM UX Ol CHEKaHUsi CBEpXmeepoblx MAamepuanos, 8 YaCmMHOCU
UHCIMPYMEHMATILHO20 HA3HAYEHUSL.

Knrouesvle cnosa: numpuo b6opa, amop@uas cmpykmypa, euopoaus, 8vbicokoe daesieHue, hazosoe
npespaujenue
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TENJIOHNPOBIAHICTb MOHO- 1 HOJIKPUCTAJITYHOI'O AJIMA3Y TA
KOMIIO3UTIB HA NOI'O OCHOBI (OI'JISAX)

IIpogedeno awnaniz HakonuuyeHo2o MeopemuuHo20 I eKCnepuMeHmanlbHo20 OO0POOKY 3 BUBYEHHS
MenIonpoiOHOCMI MOHO- | NOAIKPUCMATIYHO20 AIMA3Y MA KOMNO3UMIE HA 1020 OCHOBL.

Ak sunnusae 3 HagedeHo2o 02140y, MOHO- i NOMKPUCTNANIYHUL AIMA3 PI3HO20 2eHEe3UCY MA KOMNO3UMU
Ha iX OCHOBI 3a80AKU YHIKANbHUM MENI0PI3UUHUM BIACMUBOCIAM € QAKMUYHO OE3KOHKYPEeHMHUMU NpU
BUKOPUCTAKHI SIK MENI0GI0800U 6 eIeKMPOHHUX NPUCIPOAX 6eaukoi nomysicHocmi. CmeopenHs cneyiaibHux
MEeXHON02IU BULOMOBIEHH MOHOKPUCMANIE aimasy (supoutysants memooom T-epadienmy 6 HPHT ymosax
abo 3 eukopucmanuam CVD-memody eupowyéanHs) 003601UIU  00epPAHCYBAMU MOHOKPUCIATU 3
Menyionpogionicmio, KA He NOCMYNAEMbCA NPUPOOHUM MoHOKpucmanam aimaszy muny Ila. Cyuachi
NPO2PEeCUBHi AIMA3HI HOMKPUCMANIYHI | KOMNO3UYILHI Mamepianuy Maroms GeiuyesHull nomenyianr 01s
BUpIULEHHs 8eUKOI KITbKOCMI npodieM y pPI3HUX BUCOKOMEXHONOZIUHUX 2aly35X, 68 MOMY YUcii i npu
BUKOPUCMANHI IX AK MENI0npOoGIOHO20 THCMPYMEHMANIbHO20 ab0 KOHCMPYKYIUHO20 mamepiany, abo npu
3aCMOCY8aHHI 8 MENIO0OMIHHUX NPUCMPOSX, WO NPAYIOIOMb 34 eKCMPEMATbHUX MENI08UX HABGAHMANCEHD.
Cmeopennsi HOBUX MEXHONO2IN O00EPIHCAHHA — AIMASHUX —KOMUOSUYIUHUX —Mamepianié 3  BUCOKOIO
mennonpogionicmio (0o 1000 Bmw™-K*) 0ozeonums im konkypysamu 3 npupoonum ammazom npu po3poouyi
SAKICHO HOBUX NPUNAOIE HACTYNHO20 NOKOMIHHSL.

Knrouoei cnosa: anmas, nonikpucmaniyHull i KOMAOSUYIUHUT Mamepian, OOMIWKU, i30MONHUL CKAA0

AnMa3 € MpeJCTaBHUKOM HAMOiIbII MPOCTHX TOMEOMOJSAPHUX KPUCTAliBl, akuii mMae psn

YHIKaJIbHUX BJIACTUBOCTEN: HAHOUIbII BUCOKY Cepell BIIOMHUX MaTepiaiiB TBEPAICTh, MIIHICTh MiJ
4ac CTUCKY, BUKIIIOYHY XIMIYHY CTIMKICTb 1 IHEPTHICTh 0 arpeCUBHUX CEPEIOBHI. Y aiamasa JIyKe
3HayHa IMpHHA 3a00poHEHOT 30HU (HalOIbIIa cepen eneMeHTiB |1V rpynu nepiou4yHoi CUCTEMH
€JIEMEHTIB), BHACIIIJJOK 4Oro O€370MIIIKOBUN ajMa3 € OJHUM 3 HalKpalux 130J1ATOpiB 1 Mpo30puit
NPaKTHUYHO JUIs JTFOOMX JIOBXKHH XBHJIb BUAMMOI obnacti [1].

TennonpoBiHICTh € OJHIEI0 3 HAMBa)KIMBIIIMX BIACTUBOCTEH aiMa3zy, 1[0 BU3HAYa€ HOro
GbyHKIIOHATbHE TIPU3HAYECHHSI Ta Tally3i 3aCTOCYBaHHS, a Y BHITQJKy BUKOPHUCTAHHS ajMa3y SK
TEIUIOBIABOAY B €IEKTPOHHUX MpUJalax L XapaKTepUCTHKA € BHU3HAYAJIBHOIO, OCKUIBKU
HaJ3BUYAlHO BHCOKa TeIUIonpoBiaHICTh anMasy (mo 2500 Bt/(mxK) [2, 3] B moeananHi 3 ioro
HU3bKOIO JIEJIEKTPUYHOIO NpOHUKHICTIO (¢ = 5,7) [4] 3a0e3neuyioTh iaeaibHy KOMOIHAIIIO
BJIACTUBOCTEH Ui TEIJIOBIABOJIB B NPHUCTPOSX BEIMKOi MOTYXHOCTI. JI0 HEJaBHHOrO yacy He

T oMeonosspHOIi 3B'930K - XiMiuHMIi 3B'S30K MiX BOMa aTOMaMH, LIO 3/1ilCHIOETHCS 0JIHOYACHUM BOJIOIHHAM Mapy
eJIEKTPOHIB 000Ma aToMaMHu
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