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It has been shown in experiment that at the reactive sintering of cubic boron nitride
with aluminum under high pressures and temperatures, addition of TiB, results in shifting
of the reaction towards crystallization of aluminum diboride instead of higher diborides
and provides the absence of residual aluminum in the reaction products. The calculated
values of residual thermal stresses in CBN and TiB, phases sintered under 8 GPa at 23800 K
are considerably lower than the phase flexural strength.

IKCIIEPUMEHTAJbLHO IIOKA3aHO, UTO IPU PEaKI[MOHHOM CIIEKAHWU B YCJHOBUAX BBICOKHUX
JaBJIeHHIl 1 TeMIepaTyp KybmuecKoro HuTpuzia 6opa c amomMuHueM gobaBku TiB, cmemaror
PEaKIIMOHHOE B3aMMOJEMCTBME B CTOPOHY KPUCTAJNJIMU3AIMUA M3 pacljiaBa AUOOPHA BMECTO
BHICIINX OOPHUIOB JTIOMHUHHUSA U 00€CIeUMBAIOT OTCYTCTBHME B IMPOAYKTAX PEaKI[MU OCTATOUHO-
ro aJlOMUHUA. PacueTHble 3HAUEHMWS OCTATOUYHBLIX TEPMHUUYECKHUX HAIPAMKEHHH Iocje CIeKa-
uusa npu 8 I'Tla u 2300 K B dasax cBN u TiB, sHaunTensHO HuKe mpouHOoCTH (as HA H3rub.

Polycrystalline materials based on cubic
boron nitride (PCBN) are used mainly in
cutting of hard materials [1, 2]. The cBN
content in commercial PCBN is 45 to 90 %,
other phases include titanium carbide or ni-
tride (up to 50 %) and minor amounts of
high-melting aluminum compounds being
the hard alloy components.

This work is aimed at development of
novel cBN composites bound with titanium
diboride that is introduced in the raw mix-
ture, similar to titanium carbide at the sin-
tering of KIBORIT-3 composite. The pur-
pose of the work is to study physicochemi-
cal and physico-mechanical interaction of
TiB, with the mixture components (cBN, Al)
at the high-temperature sintering under super-
high pressure in the thermodynamic stability
region of sphalerite BN modification [3].

Interaction of cBN with Al at reactive
sintering results in formation of aluminum
nitride and borite phases. The main reac-
tions are:

cBN + 32Al — 12AIB,, 1)
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cBN +13/12A1 > AIN + 1/12ABy,. (9

The specific feature of the reactive inter-
action under high pressure consists in that
the AIB, stability region becomes shifted to-
wards high temperatures and overlaps the
stability region of AIB4,. Therefore, either
the reaction (1) can be completed or the
reaction (2) does not run to completion and
residual Al(B) solid solution is formed [4].
The idea of this work is as follows. First, in
the presence of TiB, phase (being a struc-
tural analogue of AIB, having very close
crystal lattice periods), the interaction be-
tween CBN and Al (the reaction products
crystallization from Al melt) should be
shifted towards the reaction (1), so the
products should not contain Al metal. Sec-
ond, the thermal expansion coefficients of
cBN and TiB, are close to one another, thus
would provide a low level of residual inter-
phase stresses in the composite. Finally,
TiB, exceeds somewhat TiC not only in hard-
ness but also in elasticity constants. Thus,
substitution (partial or complete) TiB, for
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Table 1. Mixture composition and calculated phase composition of sintered composite basing on
the mass balance in reactions (1)—(2) type.

No. Mixture, p.c. mass Calculated (1), p.c. mass Calculated (2), p.c. mass
cBN Al TiB, cBN AIN AlB, TiB, cBN AIN AlBy, TiB,
1 90 10 - 83.87 | 10.13 6.0 - 81.5 14.0 4.5 -
2 85 10 5 78.87 | 10.13 6.0 5 76.5 14.0 4.5 5
3 80 10 10 73.87 | 10.13 6.0 10 71.5 14.0 4.5 10
4 75 10 15 68.87 | 10.13 6.0 15 66.5 14.0 4.5 15

Table 2. Phase composition (p.c. mass) and properties of samples sintered under 8 GPa at 2300 K.

No. cBN AIN AIB, TiB, Al HKN, GPa p/Po
1 85.5 11.9 3.7 - 2.6 27+2 0.976+0.0083
2 82.0 8.4 - 9.6 - 27+3 0.973+0.002
3 73.1 11.5 - 15.4 - 29+3 0.98+0.01
4 67.0 10.6 - 22.4 - 27+3 0.968+0.001

Table 8. Crystal lattice periods of AIB, structure type phases.

The phase a, nm ¢, nm c/a a?c-10% nm3 Reference
AB, 0.3009+0.0001 0.3262+0.0001 1.0841 29.53+0.03 [6]
AlB, 0.30062+0.00001 0.32548+0.00001 1.0827 29.414 [7]
TiB, 0.30245 0.32326 1.069 29.57 [8]
TiB, 0.3028 0.3228 1.066 29.60 [9]
AlB, 0.30096+0.00007 | 0.32608+0.00024 1.0835 29.53 This article

TiC in KIBORIT-3 could be assumed to pro-
vide improved elasticity constants [5].

The experimental samples were prepared
using the mixture characterized in Table 1.
The sintering was carried out in an HPA
high-temperature furnace with graphite
heater in two stages: I, soaking with Al melt
under pressure (p = 2.5 GPa, T = 1300 K);
II, reactive sintering at p=8 GPa, T =
2300 K or p=4.2 GPa, T =1700 K. The
sample was cooled with the furnace from
the sintering temperature to ambient one,
then depressurized. The samples were dia-
mond-ground to clean the surface from re-
sidual graphite. The phase composition of
sintered samples was calculated basing on
the mass balance in the type (1) and (2)
reactions assuming no reactive interaction
between TiB, and the mixture components
(see Table 1). The experimental phase com-
position was determined by X-ray structure
analysis basing on intensity of strongest
lines of each phase in the XRD spectrum [4]
using cBN-TiB, reference mixtures. The
hardness (HKN) was measured by Knup in-
denter under 9.8 N indenter load; density
(p), by hydrostatic weighing (in acetone);
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the pore-free sample density (pg) was calcu-
lated according to the "mixture rule” from
the concentrations and density values of in-
dividual phases (Table 2).

Consideration of the calculated and ex-
perimental phase composition charac-
teristics shows that the content of the phase
identified as TiB, in the reaction products
exceed that expected from the mass balance,
that is, the titanium diboride content in the
mixture. This is explained most likely by
superposition of XRD spectra from TiB, and
AlB, phases in the total spectrum from the
sintered sample. In Table 3, presented are
the lattice periods of those phases taken
from the most popular data sources while in
Table 4, the variations of the TiB, lattice pe-
riods revealed in our experiments (statistical
averages at the confidence level 0.68 and the
number of samples studied from 5 to 7). The
data of Table 4 evidence a significant in-
crease of the TiB, lattice periods and the
effect of the sintering conditions (p,T)
thereon. In the same experiments, the cBN
lattice period shows a trend to increase
after sintering at high p and T parameters;
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Table 4. Evolution of TiB, lattice periods and unit cell volume at sintering of cBN-TiB,—Al

system.
The conditions of sintering a, nm ¢, nm c/a a?c-10% nm3
Mixture 5-15 % TiB, 0.80303+0.00005 | 0.82286+0.0001 1.065 29.647+0.001
4.2 GPa, 1700 K 0.3031+0.0002 0.3228(2) 1.065 29.656+0.003
8 GPa, 2300 K 0.30326+0.00009 0.32302(8) 1.065 29.707+0.003

Table 5. Evolution of cBN lattice periods and unit cell volume at sintering of cBN-TiB,~Al system.

The conditions of sintering a, nm a3.103 nm Vol. % TiB, in the
mixture
Mixture 1 0.36151+0.00003 47.25:0.01 0
Mixture 2, 3, 4 0.36153+0.00006 47.25+0.02 5-15 %
4.2 GPa, 1700 K 0.36147+0.00004 47.230+0.016 0
4.2 GPa, 1700 K 0.36152+0.00008 47.25+0.03 5-15 %
8 GPa, 2300 K 0.36158+0.00002 47.273+0.008 0
8 GPa, 2300 K 0.36158+0.00004 47.273+0.016 5-15 %

however, that increase is not associated
with the TiB, influence (Table 5).

In general, such changes may result from
physicochemical and physico-mechanical in-
teraction with the mixture components. The
sequence of technological operations (cool-
ing in the HPA followed by the pressure
release down to standard conditions) makes
it possible to evaluate the residual elastic
strains (g) as the sum of thermal (g;,,,)
and baric (g,,,) components [10]:

€= € pormt Epgr = @ - AT + Ap/ 38K, (3)

where o is the linear thermal expansion co-
efficient; K, modulus of hydraulic compres-
sion: AT and Ap, the temperature and pres-
sure drop from the sintering parameters
down to 300 K and 10~4 GPa. The residual
thermobaric strains were calculated using
the procedure for macroisotropic biphase
composite at stochastic phase distribution
as proposed in [11]. The residual thermal
stresses in phase 1 are

K . 4)
(o3 ® = {Bl - T;{S«m - 3K2oc')J ‘T8,

For phase 2, the calculation is similar,
the corresponding indices being substituted.
For phases 1 and 2: C; and C, are volume
concentrations; K, and K,, hydraulic com-
pression moduli; K3 = K| — Ky; p = 80K; o4
and oy, linear thermal expansion coeffi-
cients; <P>=C{Bq + CyBy; <K>=C{K; +
CyoKo; o = B*(BK™7L; o, B*, K¥, thermoe-
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lastic constants of the composite calculated
using thermoelastic constants of individual
phases, including the shear moduli (G);
T = Tgpnter — 300; 51‘]" the Kroeneker symbol
(summation over repeating indices).

Tables 6 and 7 contain the initial data
and calculation results for a two-phase com-
posite (CBN/TiB, phase volume ratios corre-
spond to Samples 2, 3, and 4, see Table 2).
The calculations have been carried out for
T = 2300 K. The temperature and pressure
dependences of thermoelastic moduli G and
K did not taken into account.

The calculated results presented in Table
7 show that in the TiB, phase, the residual
strains g;,,, <0, therefore, the increasing
volume of the crystal unit cell results most
likely from the physicochemical interaction
of TiB, with the mixture components. This
is true also for the cBN phase where the
increase of the lattice period is independent
of the TiB, presence in the mixture. The
residual stresses in the phases of the cBN-
TiO, composite are much lower than the
flexural strength of those phases
(0.800 GPa [12] and 0.245 GPa [13]). Thus,
from the standpoint of physico-mechanical
compatibility of the phases in the compos-
ite, the use of TiB, will not cause any tech-
nological complications (cracking, failure)
during the sintering, machining of the sam-
ples and functional testing of the tools.

Thus, at the reactive sintering of cBN-Al
composites under ultrahigh pressure and
high temperatures, addition of TiB, to the
initial mixture shifts the interaction to-
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Table 6. Thermoelastic constants of cBN [12] and TiB, [13].

Material E, GPa G, GPa K, GPa v a-108, grad!
cBN 839 378 358 0.11 5.4 (1200 K)
TiB, 551 214 415 0.28 5.2 (1300 K)

Table 7. Normal components of residual thermal stresses (o) and strains (g,,,,,) after sintering
and cooling under pressure depending on the volume content of phases (C).

Sample The phase
cBN TiB,
c o, GPa €herm:10° c o, GPa €nerm:10°
2 0.954 0.012 0.034 0.046 -0.256 -0.616
3 0.905 0.025 0.070 0.095 -0.237 ~0.571
4 0.857 0.037 0.103 0.143 -0.220 ~0.531
wards crystallization of aluminum diboride 5. N.V.Novikov, A.A.Shulzhenko, N.P.Bezhenar

from the melt instead of higher borides and
provides the absence of residual aluminum
in the reaction products, the material hard-
ness remaining essentially unchanged. The
calculated wvalues of residual thermal
stresses in cBN and TiB, phases after sinter-
ing at 8 GPa and 2300 K are considerably
lower than the flexural strength, thus pro-
viding the absence of technological compli-
cations during the sintering and machining
of the samples.
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dizuko-mexaHiuHi Ta (piduKo-ximMiuHi B3aemoxail
npu cmikanHi komno3urie cBN-TiB,
B YMOBaX HAJIBHCOKOTO THCKY

T.0.'apby3, M.Il1.Bexcenap, C.A.Boxwxo, H.M.Binsaéuna

ExcriepuMeHTa IbHO NOKA3aHO, 110 IPU PEaKI[iHHOMY CIiKaHHI B yMOBaxX BUCOKUX TUCKiB
i Temmeparyp kyGiumoro HiTpupy Gopy s amomimiem mo6asku TiB, scyBaioTe peakmiiiny
B3aeMoJio y 0iKk Kpucraiisamii 3 posmnaBy AmbGopuAy 3aMicThb BUIMX OOpPHIIB adoMiHio i
3a0e3IeuyoTh BiICYTHICTh ¥ IPOAYKTaX peakIiii saJuIIKoBoro anoMmiHio. PospaxoBani sHa-
YeHHA 3AAUIIKOBUX TepMiuHMX Hanpyr mnicas cmikamas npu 8 I'lla i 2300 K y dgasax cBN i

TiB, smauno HuKui, HixK minmicTs das mHa srums.

Functional materials, 14, 1, 2007

133



