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Abstract

The features of phase and structural transformations in the powder of graphite-like boron nitride
occurring as the result of the treatment in an attritor are considered. It has been established that the
attritor treatment causes an increase in the specific surface area of boron nitride particles by more than an
order of magnitude. With increasing the time of the mechanical activation of the powder causes the
transformation of  BN substructure from the crystalline to nanocrystalline and amorphous one. It has been
demonstrated that the phase transformations proceed in boron nitride with the formation of rhombohedral
BN and high-pressure phases such as wurtzite and cubic BN with the particle size of submicron range.
When the optimal intensity and duration of treatment are exceeded, a reverse transfer of cubic boron
nitride is observed to give graphite-like (hexagonal) boron nitride with recrystallizing the latter.

Key words: graphite-like (hexagonal) boron nitride,  mechanical activation,  boron nitride,  attritor,  cubic
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INTRODUCTION

The process of ultra-hard material synthe-
sis (such as diamond and cubic boron nitride,
CBN) is based on consecutive or simultaneous
phase transformation  and plastic deformation  of
the container of a high pressure zone as well as
phase transformation  within  graphite or hex-
agonal (graphite-like) boron nitride (GBN) un-
der the conditions of high pressure and tem-
perature. Various factors, such as temperature,
high pressure, deformation rate, the presence
of impurities, large-scale plastic deformations
exert a considerable effect on the course of phase
transformations occurring and on the formation
of the microstructure required for a material
with preset physicomechanical properties.

According data presented in [1], shear de-
formations exert a considerable effect on phase
transformations. This fact is exhibited, in par-
ticular, in a considerable reduction of the pres-
sure and temperature of phase transitions and
in the possibility of obtaining new phases those

could not be synthesized under the given con-
ditions without imposing shear deformations.

The authors of [1] proposed have also a meth-
od for CBN synthesis carried out with the help
of a high pressure shear apparatus with diamond
anvils. In this case the process of CBN formation
from rhombohedral boron nitride occurs at a room
temperature under shear deformation imposed.
The pressure value required for imposing with
respect to a sample in order to realize irrevers-
ible transition, amounts to less than 7 GPa, how-
ever the sample synthesized represents a small
plate 300 µm in diameter and 50 µm thick.

The use of attritors, planetary and vibra-
tion mills allows researchers to increase the ef-
ficiency and productivity of processing the
materials to a considerable extent. The initial
raw material placed into a reaction chamber
of such apparatus, is permanently under the
influence of high pressure and shear deforma-
tion, which results in changing the structure
and phase composition of the substances un-
der activation.
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One could distinguish the following prominent
features of mechanical activation (ÌÀ):

1) realizing shear deformations under high
pressure conditions; 2) the occurrence of a con-
tinuous flow of vacancies; 3) the improvement
of the interaction with phase transformation ac-
tivators. The authors of [2] theoretically demon-
strated that the contact pressure falling on a par-
ticle under the influence of actuating bodied could
amount up to 11.5 GPa. A significant amount of
mechanical energy in this case is dissipated in the
bulk of a particle to turn into heat, which re-
sults in an abrupt rise in the temperature within
a local volume. As a result, a particle of the ini-
tial material is permanently in the excited state.
The relaxation of such state proceeds via the
emission of the flows of defects.

One of the most important conditions re-
quired for solid-phase transformations consists
in the reduction of the activation energy of
phase transformation. In defect-rich structures,
the activation barrier of transformation is re-
duced owing to high energy of the elastic dis-
tortion of crystal lattice near to defects.

So, under the attritor processing of GBN
powder, with increasing the time of process-
ing van der Waals chemical bonds are break-
ing, distortions appear in the crystal lattice,
structure imperfectness grows, the dislocation
density increases. In the milling process under
the action of shock loads, distortion of crystal
lattice is observed to occur; atoms are shifted
from crystal lattice points to occupy an inter-
mediate position [3, 4].

Hence, at rather low temperature values,
as the result of ÌÀ one could expect the for-
mation of superhard phases� nuclei.

The analysis of  the literature data demon-
strates that the ÌÀ of GBN results in improv-
ing the technological parameters for phase trans-
formation of  initial hexagonal (graphite-like) BN
modification into cubic BN with the subsequent
BN processing under the conditions with high
pressure and temperature values.

So, with the use of a reaction mixture based
on GBN treated in a vibration-type mill then
subjected to compression in a high pressure
pressing apparatus (up to 7.7 GPa), one could
gain a 200 °Ñ decrease of the synthesis tem-
perature for the cubic modification of BN, all
other things being equal in comparison with raw

mixture [5]. In this connection the studies con-
cerning the ÌÀ influence upon the structure
and phase composition of GBN powder and the
possibility of obtaining new phases including
superhard ones under attritor processing con-
ditions is of a considerable theoretical and prac-
tical interest.

MATERIALS AND METHODS

As a research object we used graphite-like
boron nitride taken from the Zaporozhye Abra-
sive Industrial Complex (Technical specification
TU 2-036-1045�88), with the size of particles
within the range of 5�50 µm. The powders were
subjected to the processing in a vertical attri-
tor with a conic case. The apparatus differs from
traditional ones in the fact that the impeller
and the case rotate in opposite directions,
whereas the conic shape provides the rising and
intense stirring of milling elements together
with the material under processing. Similar de-
sign is characterized by extremely high activa-
tion rate. The frequency of shaft rotation in
the experiments amounted to 400 and 980 min�1.
The processing of GBN powder was carried
out with the addition of aqueous ammonia so-
lution. The ratio between the mass of balls and
the mass of powder amounted to 30 : 1.

The studies on the transformation of the
structure and properties were carried out with
the use physicochemical and metallophysical
approaches. The specific surface area was mea-
sured using BET technique with the help of
Aqusorb 2100 apparatus (Micromeritics, USA).

The size distribution of particles after dif-
ferent processing duration was determined by
the method of scanning electron microscopy
employing CamScan electron microscope (En-
gland) with the subsequent stereologic analysis
of diffraction images obtained with the use of
Magiscan image analyzer (Joyce Loebl,  England).

The transmission electron microscopy was em-
ployed using EM-125 electron microscope with the
accelerating voltage within the range of 20�150 kV.

The XRD structural analysis of  powders was
carried out using a general purpose DRON-3.0
X-ray diffractometer with monochromatized
ÑuKα radiation and secondary monochromatiza-
tion performed by pyrolitic graphite; the slits af-
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Fig. 1. Fractographic images obtained for the samples of  hexagonal BN powder: a �  initial,  b�d �  after attritor processing
during 0.5, 2.5 and 5 min, respectively.

ter the tube being of 2°30′, 1, 6, those in front
of the Soller counter being of 2°30′, 0.25. The
rotation of a sample was performed in its own
plane; the diffractometer control, the gathering
and processing of the information were carried
out employing X-ray software (2.0 and 2.1 ver-
sions) for automation of  XRD structural analysis.

RESULTS AND DISCUSSION

The data we have obtained concerning the
grinding kinetics indicate that during a short
time, a considerable increase in the specific sur-
face area of BN powder particles occurs. So,
when the specific surface area for the particles
of initial GBN amounts to 2.4 m2/g, after grind-
ing for 30 s (the frequency of impeller rotation
being of 980 min�1) this value reaches 5.7, af-
ter 2.5 min it is 11.4 m2/g, after 5.0 min the value
amounts to 79.9 m2/g. The maximal specific sur-
face area for BN after the processing longer than
10 min at the frequency of impeller rotation equal
to 980 min-1 amounts to 85.2 m2/g.

The fractographic analysis of  the powder
(Fig. 1) demonstrates that in the initial state the
particles are flake-shaped with smoothed sur-
face. The average size of GBN particles before
the attritor processing amounts to 6.1 µm. Un-
der the processing in attritor with the increase
in the treatment time, the size of particles de-
creases, the shape changing insignificantly,
however the particles have well-developed sur-
face. So, when the initial average size of GBN
particles is equal to 6.1 µm, after the ÌÀ (the
frequency of impeller rotation being of
980 min�1) for 0.5 min this value has decreased
down to 3.8 µm. After the processing during
2.5 min the value has increased up to 4.7 µm,
after 5 min of ÌÀ treatment the average size
has increased up to 4.8 µm, whereas after
10 min of the mechanical treatment this value
has amounted to less than 1 µm.

At the same time, as it has been demon-
strated by the stereo analysis of  fractograms,
the average size of particles after the process-
ing during 5 min even increases, which could
be connected with their agglomeration. The
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Fig. 2. Intensity of  crystal peak (002) for hexagonal BN:
1 � initial, 2 � after 10 min of attritor processing (the
frequency of impeller rotation amounting to 980 min�1).

studies demonstrate that the particles are grinded
due to the shear of planes with respect to each
other and owing to breaking the particles of the
powder. Just this is the fact resulting in the increase
in the specific surface area of GBN powder.

Data concerning the X-ray analysis of  the
powder under investigation are presented in Fig. 2
and Table 1. It is seen that the attritor process-
ing results in reducing the intensity of (002) GBN
crystal peak. With increasing the time of the
powder ÌÀ, the transformation of BN substruc-
ture is observed to occur from crystalline modi-
fication to nanocrystallline and amorphous one.

The results obtained allow us to assume that
at different values of impeller rotation frequen-
cy during 0.5 min of the dispersion process,
one could observe the destruction of crystals
in basic planes to occur, with that the size of
particles decreases; at the same time a great
amount of disordered GBN, as well as sepa-
rate layers of amorphous phase could be ob-
served top appear. All this results in an increase
in the specific surface area of powder and in a
decrease of GBN interlayer distance d (002).

In the powder of GBN, the processes of
the reduction of crystallite height Lc occur dur-
ing all the time of dispersion procedure, i.e. their
�sewing together� during the mechanical acti-
vation does not occur. With the increase in the
dispersion procedure duration, a considerable
internal stress is observed to appear (an increase
in the interlayer distance d (002) occurs), which
results in an abrupt increase in the specific sur-
face area of GBN and in the further decreas-
ing the Lc value (see Table 1).
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Fig. 3. Electron microscopy images of structural transformations in BN after mechanical activation during 5 (à), 10 (b)
and 12.5 min (c). Frequency of impeller rotation amounting to 980 min�1.

Fig. 4. Part of X-ray diffraction pattern for BN powder
after the mechanical activation during 1�4 h. Alongside with
the graphite-like boron nitride (GBN), the presence cubic
(CBN) and wurtzite (WBN) modifications of BN is noted.

Figure 3 demonstrates the transformation of BN
structural state depending on the ÌÀ duration.

According to atomic force microscopy data,
the further grinding of GBN powder during
4 h at the impeller rotation frequency of
400 min�1 has allowed us to obtain BN particles
with the size ranging within 35�300 nm.

The XRD structural analysis of  the pow-
ders processed in the attritor during 1�4 h has
allowed us to establish that when the time of
processing increased one can observe the re-
flexes of cubic and wurtzite BN high pressure
phases as well as of rhombohedral BN to ap-
pear (Fig. 4). With exceeding the optimum in-
tensity and duration of ÌÀ, a reverse CBN

transition into GBN with the recrystallization
of the latter (see Fig. 3, c) is observed.

Thus,  a principal possibility has been dem-
onstrated concerning the obtaining of super-
hard BN modifications with cubic and wurtzite
structure under the attritor processing of GBN
with the size of particles ranging within sub-
micronic and nanometre scale. The particles
obtained can be also characterized by high val-
ues of specific surface area, which alongside
with the small size allows one to use them effi-
ciently for obtaining polycrystalline superhard
materials, as well as to employ the particles
modifying additives for various kinds of com-
posites and coatings.

CONCLUSION

1. Dispersion process kinetics has been stud-
ied for powders. It has been established that
after intense grinding for 10 min at the frequen-
cy of impeller rotation amounting to 980 min�1,
the specific surface area of BN powder increases
more than by an order of magnitude (from 2.4
to 85.5 m2/g).

2. The results of  XRD structural analysis and
electron microscopic investigation indicate that
the attritor processing results in decreasing the
intensity of GBN crystal peak (002). With the
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increase in powder mechanical activation time,
BN substructure transformation occurs from crys-
talline to nanocrystalline and amorphous modifi-
cations. Prolonged grinding of GBN powder at
the frequency of impeller rotation amounting to
400 min�1 during 4 h has allowed us to obtain BN
particles with the size of 35�300 nm.

3. According to the character of changing
the parameters of fine structure and the spe-
cific surface area one could distinguish two stag-
es of the dispersion process. At the first stage,
as the result of intensive dispersion action,
destructing the hexagonal BN crystals and de-
creasing the size of particles occurs; this re-
sults in an increase in the specific surface area
of the powder. At the second stage, a consid-
erable internal stress is observed to appear (an
increase in the interlayer distance d (002) oc-
curs) therefore the specific surface area of GBN
particles abruptly increases.

4. A principal possibility has been demon-
strated concerning the obtaining of superhard
BN modifications with cubic and wurtzite struc-
ture under the attritor processing of GBN with

the size of particles ranging within submicron
and nanometre scale. The particles obtained can
be also characterized by high values of specif-
ic surface, which alongside with the small size
allows one to use them efficiently for obtaining
polycrystalline superhard materials, as well as
to employ the particles in modifying additives
for various kinds of composites and coatings.

REFERENCES

1 A. A. Shulzhenko (Ed.), Sintez, Spekaniye i Svoystva
Sverkhtverdykh Materialov (Treatises), Institute for
Superhard Materials, Kiev, 2000, pp. 131�144.

2 G. M. Zhdanovich, V. M. Lupareva, K Metodike
Opredeleniya Kontaktnogo Davleniya pri Izmelchenii
Poroshka v Attrittore, Minsk, 2000.

3 V. D. Gritsuk, V. T. Senyut, A. A. Stefanovich,
Mezhdunar. Nauch.-Tekhn. Konf.  �Poroshkovaya
Metallurgiya: Dostizheniya i Problemy� (Proceedings),
Minsk, 2005, pp. 98�100.

4 P. A. Vityaz, V. T. Senyut, L. M. Gameza, A. A. Stefa-
novich,  E. I. Mosunov,  S. A. Kovaleva,  III Mezhdunar.
Seminar �Nanostrukturnye Materialy-2004: Belarus�
Rossiya� (Treatises), Minsk, 2004, pp. 154�155.

5 S. Horiuchi, J. Y. Huang, L. L. He et al., Philos. Mag. A,
78, 5 (1998) 1065.


