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The results of investigations of physical-mechanical and tribotechnical characteristics of composite ma-
terials based on wurtzite boron nitride of different phase composition, which contain a diamond component
in the form of elements of the microstructure of the composite and solid solution of diamond in boron ni-
tride, are presented. It is defined that the maximum hardness of the composites is formed in the tempera-
ture range T'= 160-700 °C, and further increase of the sintering temperature is accompanied by a decrease
in the hardness caused by the material recrystallization and the weakening of the intergranular bounda-
ries. Composites obtained at a temperature 7'= 1700 °C have the maximum index of the physical and me-
chanical characteristics. The influence of the phase composition of the composite material on its tribotech-
nical properties at dry friction on a steel counter in the conditions of a steady change in the speed of sliding
in the range V=6-14 m/s at a load of 20 N is determined. The obtained results can be used to develop prac-
tical recommendations for the effective use of composites of WNg-diamond systems in metalworking pro-
cesses, as well as in heavy-duty friction pairs under conditions of limited lubrication.
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1. INTRODUCTION

Polycrystalline superhard composite materials
(PSCM) based on dense modifications of boron nitride
are mainly used as a cutting tool in the machining of
hardened steels [1-3], and can also be effectively used
in elements of heavy friction pairs [4, 5]. PSCM on the
wurtzite boron nitride basis, depending on the ba-
rothermal conditions of formation, are characterized by
a certain ratio of dense phases (BNw — BNsf). An in-
crease in the content of the sphalerite component in the
material contributes to the increase of thermal conduc-
tivity of the composite and the temperature threshold
of oxidation [6]. It should be noted that the thermal
stability of composites is determined by the process of
oxidation of wurtzite and sphalerite boron nitride with
oxygen and reverse phase transformation of them into
graphite-like modification. In metalworking processes,
the efficiency of the application of such PSCM is esti-
mated by the temperature in the contact zone with the
material being processed, which limits the processing
efficiency and affects its structure and phase composi-
tion of the surface layer [1].

Therefore, when developing the optimum technology
for machining hard-machined steels with a tool based
on dense boron nitride modifications, it is necessary to
take into account the thermal intensity of the cutting
process, which is highly dependent on the heat treat-
ment and associated with its tribotechnical characteris-
tics. The main component of the composite PSCM sys-
tem "wurtzite boron nitride — carbon" (BNW-C) is dense
modifications of boron nitride, which according to struc-
tural studies [7], are in interphase with diamond and
the microstructure of such compounds and the phase
composition of the matrix component (BN) changes
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according to the change of thermobaric sintering condi-
tions. The high hardness and strength of the composite
are not sufficient conditions to ensure its effectiveness
both in the cutting tool, which must have a sufficient
level of wear resistance (which depends largely on the
temperature on its working surfaces), and in the friction
contact of the friction pairs. The operational character-
istics of composite materials are closely related to their
phase composition and structure state.

The purpose of the study is to investigate the physi-
cal-mechanical and tribotechnical characteristics of
composite materials based on wurtzite boron nitride
containing a diamond component depending on the
phase state of the matrix component.

2. METHODS OF SAMPLE PREPARATION
AND RESEARCH

Samples of composite materials based on wurtzitic
boron nitride of different phase composition containing
the diamond component were obtained by sintering at
high static pressures (p = 7.7 GPa) in the temperature
range T=1500-1700 °C for 7=60-120s. The initial
mixture consisted of wurtzite boron nitride powders
with a dispersion of 0.1-5.0 um and diamond powders of
static synthesis with a grain size of 0.1/0 um in a ratio
of 90:10 by weight. The sample after sintering was
subjected to mechanical grinding of all surfaces, after
which its phase composition, uniformity of the grinding
field and microhardness were determined.

X-ray studies of the phase composition was carried
out using a DRON-3 diffractometer in copper radiation
with a monochromator in automatic mode with a step-
wise movement of 0.050 and an exposure duration at
each point of 4 s.
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The microhardness of the composites was measured
by the microhardness mod. MHU-2000 with the help of
the Vickers pyramid at 2H load in automatic mode with
exposure under load 7= 15 s.

Studies of friction properties were carried out on the
installation of MT-62M in friction by friction and linear
contact (cylinder by cylinder), in the air without the
supply of coolant in the friction zone. The tests were
carried out at a constant load of 20 N and the sliding
speed V =6-14 m/s, which varied stepwise (after 2 m/s).
The composite specimens were in contact with a rotating
100 mm diameter steel ball having a diameter of 7 mm
with a length of 4 mm. Counterpart material HRC steel
(HRC 58-62).

During the experiment, the friction force and the to-
tal linear wear of the contact pair were determined
simultaneously and independently, which determined
the friction coefficient and the wear rate of the sample
(um/km). Samples of Composite-10, which consisted
entirely of sphalerite boron nitride, were specially
made from the same batch of wurtzite boron nitride
powder that was used to obtain the "wurtzite boron
nitride — diamond" composites.

3. EXPERIMENTAL PART AND DISCUSSION
OF RESULTS

The results of studies of the phase composition of
composite materials based on wurtzite boron nitride
obtained at different temperatures showed that the
content of sphalerite boron nitride is determined only
by the sintering temperature, regardless of the compo-
sition of the original charge (Table 1).

According to structural studies, the diamond com-
ponent of the composition after sintering is almost
completely stored in a sintered matrix material based
on boron nitride, both in the state of the component
structure of the composite and in the form of a solid
BNC solution. The character of the composite hardness
formation depending on the sintering temperature
shown in Fig. 1 indicates that its maximum value is
reached at a temperature T =1600-1700 °C, and fur-
ther increase in temperature is accompanied by a de-
crease in the hardness due to, apparently, the process
of gathering recrystallization of the material and the
weakening of the intergranular boundaries.

The duration of the sintering process [8, 9] has a de-
cisive influence on the formation of the physico-
mechanical characteristics of the composite materials
of the “wurtzite boron nitride — diamond” system.

Table 1 — The phase composition of the composite materials of
the system "wurtzite boron nitride — diamond" depending on the
composition of the initial mixture and sintering temperature

No of Phase composition, % vol.
sample, Material BNw BNy | BNq¢|Diamond SOh,d
solution
BNy + Ca
1 0.1/0 um 1500 17 73 9 1
BNy + Ca
2 0.1/0 um 1600 6 84 9 1
Bst
3 (composite-10) 1700 B 100 B B
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Fig. 1 — The nature of the hardness of composites depending
on the temperature and the duration of sintering: 1 — 7= 60 s;
2-7=120s

The duration of the sintering process [8, 9] has a de-
cisive influence on the formation of the physico-
mechanical characteristics of the composite materials
of the “wurtzite boron nitride — diamond” system.

Fig. 2 shows the nature of the physico-mechanical
characteristics formation of composite materials of this
system, depending on the duration of the sintering
process.

The microstructure of the composite is unevenly
distributed across the field of samples in the area of
solid BNC solution (Fig. 3), which is probably due to
the heterogeneity of the initial mixture to obtain the
composite before sintering, resulting in the hardness of
the composition fluctuates within 55.0-83.0 GPa.
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Fig. 2 — The influence of the sintering duration of the composite
material of the "wurtzite boron nitride — diamond" system at a
temperature T'= 1700 °C on its physical and mechanical charac-
teristics: 1 — Young's modulus, E; 2 — hardness, HV

Fig. 3 — Microstructure of the composite with a fragment of
the "wurtzite boron nitride — diamond" BNC solid solution:
I — diamond; IT — layer of BNC solid solution; IIT — BN matrix
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Studies of tribotechnical characteristics of the com-
posite material of the BNw-C system found that in the
initial period of testing the increase in the velocity of
sliding of the friction pair is accompanied by a gradual
decrease in the coefficient of friction and wear in the
process of working, and when the critical velocities are
formed and stabilize, has no significant changes as the
sliding speed increases.

Such a change in the friction properties of the fric-
tion pair under study can be explained as follows. It is
known [3] that for materials characterized by a large
value of the elasticity modulus in the elastic contact
region in the zone of low sliding velocities and low tem-
peratures, a sufficient protective film on the connected
surfaces is not able to form and deformation of the
surface is transformed into a micro-cutting process
(V=6 m/s). Further increase in the sliding speed,
which is accompanied by an increase in temperature in
the contact zone, contributes to the formation of a pro-
tective film of sufficient thickness at V=8 m/s.

By its composition, this film may include B203 boron
oxide [6] and graphite, which helps to reduce the friction
coefficient and the wear rate of the samples. A further
increase in the sliding speed changes the nature of the
film itself and the quality of the friction process.

The high temperature in the pair contact zone can
contribute to the partial phase transformation of dia-
mond microvolumes and dense modifications of boron
nitride into graphite modification [6, 10], which initi-
ates the appearance of a screen film with a high level of
antifriction characteristics. Some influence on the for-
mation of these indices has the presence in the materi-
al of high-strength wear-resistant sections of BNC solid
solution, which appear during the formation of the
structure of the composite under conditions of high
pressures and temperatures.

Given that the real transformation of BNy — BNy and
Ca — Cg begins at the surface of the samples along the
grain boundaries in the polycrystal, the origin of graphite
and BNg depends essentially on the dispersion of the
crystalline superhard phases. It should be noted that
during the test of friction steam, there is a smoothing of
the contact surface of the counter and it has a polished
appearance (Fig. 4b). Decrease of roughness from ma-
chining, which is clearly manifested on the counter prior
to its testing, indicates the presence of a period of work-
ing pair in the initial stages of testing (Fig. 4a).

Due to the fact that polycrystalline samples of com-
posite material based on dense modifications of boron
nitride have different phase composition and different
component based on diamond, the friction contact be-
havior of such materials is of the greatest interest. For

Fig. 4 — Appearance of the surface of the HRC counter-har-
dened steam in the friction pair: before tests (a) and after tests
at a velocity V=6 m/s (b)
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Fig. 5 — Appearance of the surface of a HRC steel ball counter
after single-phase friction test: sliding velocity V=14 m/s (a);
V=12m/s (b); V=8m/s (c)

samples No.1 and No.2, the critical sliding velocity that
promotes film formation on the surface of the counter is
V=8-10 m/s. It should be noted that if for a single-
phase sample based on BNs, the film on the counter
only appears at a critical velocity V=12 m/s (Fig. 5),
then for samples No.1 and No.2 it is characteristic that
at the surface of the counter in the velocity range 8-
10 m/s there are dark areas, and at critical speed there
is a complete covering of the working area with a film.

This pattern is explained by the fact that the in-
crease in the content of wurtzite component in the
composite facilitates the flow of reverse phase trans-
formation BNw — BN [10], which can take place on the
surface of the samples due to the heterogeneity of their
structure and phase composition. Such circumstances
lead to the fact that the transformation in the wurtzite
boron nitride and the diamond component in the graph-
ite modification decreases the temperature in the zone
of the contact friction pair, as the loss of friction de-
creases, and for the transition of dense modifications of
boron nitride and carbon (diamond) again in the con-
tact area.

Such conditions are realized by increasing the slid-
ing velocity, which causes the shift of its critical value
towards growth with a lower content of wurtzite phase
in the material. It should be noted that the coefficient of
friction of samples No.1 and No.2 after the film ap-
peares is within 0.70-0.72 (Fig. 6), which indicates the
identity of the appearing films, that is, the phase com-
position of the material does not affect the properties of
the film, but is only a sign of determining the critical
velocity for its occurrence, which is a confirmation of the
transition of dense modifications of boron nitride — the
basis of the composite into the layered structure BNg.
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Fig. 6 — Dependence of the friction coefficient of the composites
on the sliding velocity: 1 —sample No.1; 2 — sample No.2; and
3 — sample No.3
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Fig. 7—The dependence of the wear rate of the composites on the
sliding velocity: 1 — sample No.1; 2 — sample No.2; 3 — sample No.3

The presence of the diamond component improves the
frictional characteristics of the composite by changing the
thermophysical properties and increasing the hardness
due to the appearance of areas of BNC solid solution.

Study of frictional characteristics of polycrystalline
superhard materials (PSCM) from boron nitride of
different phase composition paired with heat-treated
steel in air under dry friction under conditions of step-
wise variable sliding velocity V= 6-14 m/s (magnitude
of 2 m/s) at a load of 20 N showed that the single-phase
material is characterized by a gradual decrease in the
coefficient of friction and the intensity of wear, after
which there is a jumble establishment of constant val-
ues of these parameters (Fig. 7), which compared with
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leads to the stabilization of the friction characteristics
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ples with a diamond component it is practically absent,
and there is a friction pair with a gradual decrease in
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the solid solution with high hardness values provide
increased wear resistance.
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The results of the complex of researches give grounds
for the following conclusions.

1. The hardness of composites of the "wurtzite boron
nitride — diamond" system is determined by the dura-
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al, and the increase of the hardness due to the appear-
ance of areas of BNS solid solution.
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Bruiue ¢gasosoro criany kommoosumniiuoro marepiany cucremu B-N-C Ha iioro
¢isuko-mexaumiuHi Ta TPUOOJIOriYHI XapaKTe pPUCTUKH
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Hasemeno pesysibraty DociimkeHb (Pi3UKO-MEXAHIYHUX TA TPUOOTEXHIYHUX XAPAKTEPUCTHUK KOMIIO3U-
I[IMHUX MaTepiaiB HA OCHOBI BIOPTIIUTHOTO HITPUIY 0OPY Pi3HOro ha3oBOro CKJIAMY, K1 BMIIIYIOTH aIMA3HY
CKJIAJIOBY y BHUIJISI/l €JIEMEHTIB MIKPOCTPYKTYPH KOMIIO3UTY Ta TBEPIOr0 PO3UMHY aiMady B HITPHAL Gopy.
BeranosiieHo, 1o MakcuMaJibHa TBEPIICTH KOMIIOSHUTIB (POPMYyeEThCS B miama3oHi Temmepatyp 1= 1600-
1700 °C, a mogaJiblile MiABUINEHHS TEMIIEPATyPH CIIIKAHHSA CYIPOBOIYKYETHCS 3HUKEHHSIM TBEPJIOCTi, 00y-
MOBJIEHOTO 30MpPaJIbHOK PEKPHUCTAJNI3AIlel0 MaTepiaay Ta IOoCJIa0JeHHIM MIK3epeHHHX I'paHullb. Makcu-
MaJIbHI TMOKA3HUKK (PI3UKO-MEXaHIYHNX XaPAKTEPHCTUK MAalTh KOMIIO3UTH, OTPHUMAHI IIPA TeMIEepaTypl
T =1700 °C. BusnaueHo BInB ¢a30BOT0 CKJIAIy KOMIIOSHIIIHOr0 MaTepiajay Ha Horo TpuOOTEeXHIYHI BJac-
THBOCTI IIPX CYXOMY TE€PTI M0 CTAJBHOMY KOHTPTLIY B YMOBAX CTYIIHYATOI 3MIHHM IIBHIKOCTI KOB3AHHS B JIi-
amasoni V= 6-14 w/c mpu maBarTaskenHi 20 H. Orpumani pesysibTaTvi MOXKYTH OyTH BHKOPHUCTAHI [IJI PO3-
POOKM MPaKTUYHUX PEKOMEHIAIN 1010 ePeKTUBHOIO 3aCTOCYBaHHS KOMIIO3UTIB cucTeMu «BNj-ammas» B
TIpoliecax MeTaI000pOOKH, a TAKOMK Y BAKKOHABAHTAMKEHHUX IIapax TePTs B yMOBaX 00MesKeHOr0 3MAIIeHHsI.

Kniouori ciaora: Hitpun Gopy, Boopriur, Chanepur, Anvas, Kommosur, Teepamit posunn, Teepaicts, Ko-
edirrienT TepTst, S3HOCOCTINKICTS.
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