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The mechanical strength of sapphire in different crystallographic diorections has been
studied within a wide loading range. A correlation has been found between the resistance
to hig-speed shock and the sapphire crystallography.

WccnemoBana mexaHmuecKasl IIPOYHOCTL camdupa B PaA3INYHBIX KPHUCTALIOrPAMUUECKUX
HAIIPABJIEHUAX B IINPOKOM JHAIIA30HE HArpy30K. ¥ CTAHOBJIEHA CBS3b COIPOTHUBJIEHUZ BBICO-
KOCKODPOCHOMY yZapy ¢ Kpucrajuorpadueil camdupa.

Modern technologies for the growth of
large-size and perfect single crystals make
it possible to use sapphire in the structures
working in extreme conditions under in-
tense dynamic loading. For instance, 6 mm
thick sapphire plates withstand efficiently
to high-velocity (800 m/s) shock of a chilled
steel core [1]. However, the sapphire crystal
lattice is strongly anisotropic. In this con-
nection, it is of importance to investigate
the efficiency of the sapphire resistance to
high-velocity shocks and to the striker
penetration depending on the crystal anisot-
ropy. The aim of this work was to study a
relation between the sapphire resistance to
high-velocity shock and the crystallographic
peculiarities of the crystal.

The study was realized on 10x15x3 mm3
samples cut out of a crystal grown by the
Kyropoulos method. The mechanical charac-
teristics was measured on 10x15 mm? areas
of the basal plane (0001), the prismatic
planes (1010), (1120), and rhombohedral
plane (1012). All the samples were ground
and polished in the same manner.

The microhardness value was determined
using a PMT-3 unit at HV = P = 0.5, 1, and
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2 N loads. At each load, there at least 10
measurements were done. Moreover, the
measurements were performed at loads up to
1kN and high-velocity (930 m/s) interaction
with a tungsten carbide striker. The shocks
were made along the normal to the sample.
As seen from the microhardness depend-
ence on the load (Fig. 1), a considerable
scatter of the results is observed, especially
at 0.5-1 N loads. Moreover, the value of mi-
crohardness on different planes changes in a
different way. Since the indenter penetration
depth at the mentioned loads is 1-2 um, the
microhardness is influenced essentially by
the surface defects. The hardness rise at the
load increasing from 0.5 to 1 N is caused by
transition from the defect near-surface
layer to the region with constant dislocation
density. On the basal plane, the hardness is
reduced starting from 2 N load (as will be
shown lower, such an effect is especially
pronounced at high loads). The most prob-
able hardness values for the planes of sap-
phire are those presented in the Table. In
other words, at the loads ranging between
0.5 and 1 N the microhardness HV= 20 GPa
is essentially independent of the orienta-
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Fig. 1. Sapphire microhardness depending on
load on different crystallographic planes.

tion, and is close to the values measured
before [2, 3]. First of all, this concerns elas-
tic-plastic penetration not accompanied by
brittle failure under indenter.

At high-velocity interaction of brittle
solids, the ratio of their hardness values is
the decisive factor which defines the initial
collision stage [4]. In particular, the striker
deformation occurs in the case when the
block hardness exceeds the striker one.
Shown in Fig. 2 is the X-ray image of the
interaction of strikers made from the mate-
rial VK8, HV =17.8 GPa, with corundum
ceramic and sapphire (plane (1120)) plates.
When the block hardness exceeds that of
the striker, the latter is broken down. How-
ever, despite the fact that the hardness of
sapphire is by = 4 GPa higher than the cor-
responding parameter of tungsten carbide,
the striker has not underwent the expected
action. We have assumed that the observed

Table. Parametrs of crystllographic planes
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Fig. 2. Punching of 7 mm thick plates made
from corundum ceramics: HV = 13 GPa (1),
HV =19 GPa (2) and sapphire, HV = 22 GPa
(3) by tungsten carbide striker (HV =
17.8 GPa). The shock velocity is 930 m/s.

effect is connected with the sapphire de-
struction in the contact zone with the
striker.

To check this assumption, the sapphire
resistance against penetration was measured
at high loads. The measuring technique for
brittle materials has been proposed in [5].
According to it, the shape and dimensions
of the indentation are retained as an im-
print on a thin (&5 pm) aluminum foil
placed onto the sample prior to indentation.
This method makes it possible to determine
the indentation dimensions from the im-
print obtained while detaching the indenter
from the sample. The comparison of the im-
prints obtained at high indenter loads with
and without the foil shows that at a load up
to 1 kN, the imprints on the foil allow to
determine the indentation dimensions
(Fig. 3). In both cases, there are no essen-
tial distinctions in the indentation shape
and dimensions, the difference in the calcu-
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Fig. 3. Vickers pyramid indentations at high indenter loads on the plane (1 1§0) of sapphire (a) and
tungsten carbide (b) without foil (upper row) and with foil (lower row).

lated effective hardness (HV ) values does
not exceed 2 %. The legitimacy of using
foil was shown for tungsten carbide. This
material possesses rather high destruction
viscosity, and the Vickers pyramid indenta-
tions obtained on its surface at high loads
are clear and non-destroyed.

As follows from HV ; — load depend-
ence (Fig. 4), the resistance of all the planes
to the indenter penetration decreases, the
largest (by a half) decrease occurring on the
basal plane. This fact may be connected
with a large interplanar distance (d =
2.16 A) in the C axis direction. The plane
(1010) characterized by small interplanar
distances (see the table) and large number
of aluminum atoms located between the
crystallographic planes, turns out to be
most resistant. The distance between the
planes (1120) is larger than that between
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Fig. 4. Resistance of sapphire to indenter

penetration with foil depending on load for
different crystallographic planes.
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the basal planes, but the number of alumi-
num atoms in the interplanar space is
larger, too. Fig. 4 also presents the HV ;
load dependences for two corundum ceram-
ics of different density and hardness. As is
seen, their resistance to indenter penetra-
tion does not reduce as the load increases.
Moreover, for the ceramics with hardness
exceeding that of tungsten carbide, there is
observed an effective shortening (deforma-
tion) of the striker at 1 kN load. This
means that, if corundum ceramics with a
transparency close to that of sapphire will
be obtained in the future, it will compete
with sapphire in articles such as transpar-
ent armour.

Thus, at high loads, the resistance of
sapphire to indenter penetration reduces as
the load grows, but the character of such a
reduction in different crystallographic di-
rections has essential distinctions which
seem to be connected with the interplanar

distance value and the number of aluminum
atoms inside this space. The resistance of
brittle solids to indenter penetration at high
loads (e.g. at P=1 kN) may form a basis to
predict the results of their high-velocity in-
teraction.
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3ajesKHIiCTh TBepAOCTi cangipy Bia TUNy HaABaAHTAKEeHHSA

A.B.Cinani, M.K.Junxin, I1.B.Konescoxuii, JI.A.JIimeinoé

Hocaimxeno MexaHiuHy MinHicTh cangipy y pisHuX KpucrajgorpadiuHux HampsaMax B
IMIUPOKOMY [JiamasoHi HaBaHTaKeHb. BCTaHOBJIEHO 3B’A30K OIOPY BBICOKOUIBUAKiCTHOMY

yzapy 8 kpucrtajorpadiero candipy.
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