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SLIP SYSTEMS OF Cu,0 BY KNOOP HARDNESS
ANISOTROPY MEASUREMENT

A. AUDOUARD, B. PELLISSIER and J. CASTAING
Laboratoire de Physique des Matériaux, C.N.R.S. Bellevue, 92190 Meudon, France

(Regu le 7 octobre 1976, accepté le 22 novembre 1976)

Résumé. — Des essais de microdureté Knoop ont été effectués a température ambiante sur des
monocristaux d’oxyde cuivreux Cu,O. L’analyse de I'anisotropie de dureté a montré que le systéme
de glissement déclenché est le systéme { 110 } < 110 ).

Abstract. — Knoop microhardness tests have been performed at room temperature on Cu,O
cuprous oxide single crystals. Hardness anisotropy analysis indicates that { 110 } ¢ 110 ) is the

operative slip svstem.

1. Introduction. — Cu,O cuprous oxide has a cubic
structure ; the oxygen atoms are at the nodes of a
body centered cubic lattice and the copper atoms at
those of a face centered cubic lattice displaced a/4 (111)
from the oxygen sub-lattice.

A few studies of plastic deformation have been
performed in particular by Vagnard et al. [1], M. Mar-
tinez-Clemente et al. [2] and G. T. Villasenor [3].
M. Martinez Clemente studied constant strain rate
compression of Cu,O single crystals which were
brittle at room temperature and were deformed
plastically in a temperature range between 400 °C
(0.45 Tm) and 800 °C (0.7 Tm). When the stress is
applied parallel to a { 100 ) direction, the slip system
is {110} (110 > while when applied parallel to a
{ 110 ) direction, the slip system is { 100 } { 010 }.
A {110} slip plane with an unknown slip direction
seems to be also operative in the latter case. Vagnard
et al. have only observed the {100} < 010 ) slip
system. G. T. Villasenor studied the deformation
of single crystals and polycrystals at room tempe-
rature under hydrostatic pressure. The observed slip
systems are { 110} 111 ) for stress applied along
{100 ) and {112} {111 ) for stress applied along
{311 ).

The results of G. T. Villasenor, obtained at room
temperature, are different from those of M. Martinez-
Clemente and Vagnard, obtained at higher tempe-
ratures. So, it seemed interesting to perform mecha-
nical tests at room temperature to obtain further
information on the slip systems which are operative
during the plastic deformation of Cu,O. For this
purpose, we used the microhardness test.

2. Experimental procedure. — Single crystal prepa-
ration has been described previously [2, 4]. Samples
are cut with an Isomet low speed saw after orientation
by the Laiie method [5]. Before mechanical testing,
the samples aré mechanically polished, then chemically
polished in a mixture of 70 9, orthophosphoric acid
and 30 9 nitric acid. Microhardness tests are perform-
ed using a Knoop indenter mounted in a Leitz mini-
load hardness apparatus (*). A 0.196 da N load is
applied for 10 s. The Knoop hardness values H,
are calculated from the empirical formula :

F F
Hy =—=1423 — -2
k=7 deaNmm

where F is the indenting load (da N), 4 is the inden-
tation area (mm?) and L is the indentation length
(mm).

3. Hardness anisotropy analysis. — Hardness aniso-
tropy results are analysed using the Brookes et al.
relationship [6] which is a modification of that due to
Daniel and Dunn [7]. This relationship is established
with the assumption that the indenter develops a
tensile force on a cylindrical element of material
parallel to the line of steepest slope on the considered
facet :

cos ¥ + sin y

G, = 0 COS ¢ Cos A >

() The use of the apparatus of the Equipe de Mécanique des
surfaces of C.N.R.S. Bellevue is acknowledged.
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Where o, is the mean effective resolved shear stress,

g, is the applied stress,

¢ is the angle between the tensile axis and the
slip plane normal,

A is the angle between the tensile axis and the
slip direction,

Y is the angle between the axis parallel to
the facet and perpendicular to the tensile
axis and the axis of rotation of slip plane,

y is the angle between the axis parallel to the
facet and perpendicular to the tensile axis
and the slip direction.

It is possible to calculate o,/0, values for the four
indenter facets [6] in order to obtain the variations
of o,/0, with the orientation of the long axis of the
indenter, for a given slip system and a crystallographic
face. The ratio g /0 has a variation opposite to that of
the hardness H, i.e. it is an increasing function of the
inverse of the hardness H, '. The comparison of the
experimental H, ' and the calculated o/, curves
allows the slip system to be deduced.

4. Experimental results. — The o,/0, curves were
established for the four slip systems observed in Cu,O
for indentations on a (001) face (Fig. 1) and a (011)
face (Fig. 2). The o /0, curve for the { 110 } {001 >
slip system was also established for a (011) face
(Fig. 2).
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FIG. 1. — Calculated variations of o,/0, with orientation of Knoop
indenter long axis for the (001) surface.

JOURNAL DE PHYSIQUE — LETTRES

Ne 1

Og 10} (111) Slip system
AL 1
04 |
|
|
03f
1 1 1 1 1 1
for 12)411) sti t |
% { }< ) ip system |
0.4t i
|
03 1 1 1 L L 1
Og {100} <010> Slip system
Oo
03 ]
|
02 | L L 1 L 1
Og {HO} <1T0> Slip system
03t |
i
02t
L 1 1 1 A1 1
o4k 99 [110}{001) Slip system |

| Oo
03 !

6] @1 01 024 7 (24 [0

FIG. 2. — Calculated variations of a,/c, with orientation of Knoop
indenter long axis, for the (011) surface.

4.1 (001) SURFACE. — The H, ! curve was esta-
blished by making repeated indentations after rota-
tions of two degrees (Fig. 3). The comparison with the
0,/0, curves indicates that the {110} ( 111 > and
{112} {111 ) slip systems do not operate in plastic
deformation at room temperature, but does not allow
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F1G. 3. — Reciprocal of Knoop hardness for the (001) surface.
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FiG. 4. — Knoop indentation on the (001) surface showing slip
lines (unetched).
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F1G. 5. — Reciprocal of Knoop hardness for the (OTI) surface.

one to determine which slip system {110} ¢ 110 )
or { 100 } < 010 ) operates.

Slip lines developed around indentations have
< 100 ) directions. They correspond to either { 100 }
slip planes or { 110 } slip planes (Fig. 4). No conclusion
can be drawn. This difficulty is eliminated with
experiments on the (011) surface.

4.2 (OTI) SURFACE. — The H_ ! curve was esta-
blished by making repeated indentations after rota-
tions of three degrees (Fig. 5). The comparison with

F1G. 6. — Knoop indentation on the (011) plane showing slip lines
(unetched).

the o,/0, curves indicates that { 110 } < 110 ) is the
slip system. This is confirmed by the observation
of the slip line directions which are { 111 > (Fig. 6).

5. Discussion. — The slip system operating at
room temperature during Knoop microhardness test-
ing is { 110 } < 110 ). This slip system is one of those
observed by M. Martinez-Clemente [2] at high tempe-
rature. The plastic deformation under an indenter is
usually regarded as performed under hydrostatic
pressure [8]; however the slip systems, found by
G. T. Villasenor at room temperature under hydrosta-
tic pressure, are not operative in the microhardness
test. The {110} <001 ) slip system seems to be
inoperative in both our experiments and in those of
Martinez-Clemente et al. [2]. The {100} (101 )
slip system has, at high temperature, a strength lower
than that of the { 110 } ( 110 ). This is different from
the results at room temperature since only the
{110} ¢ 110 > system seems to operate in micro-
hardness tests. So, a change in mechanical behaviour
between room temperature and 0.45 Tm is expected.
This change might be studied by performing micro-
hardness tests at various temperatures.
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