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Nickel base intermetallic compounds, with L11
structure(here the 03B3’ phase of CMSX2 monocrystalline
superalloy) commonly exhibit an anomalous stress vs
temperature dependence : the flow stress increases
remarkably with increasing temperature, reaching a
peak value at a temperature which depends on compo-
sition and orientation (around 760°C for CMSX2).

Two different modes of thermally activated
mechanisms have been proposed :
- the first one, related to the cross slip of
screw segments from {111} primary slip plane
where they are mobile, to the {010} cross slip
plane where they are assumed to be sessile. This
core dissociation can occur all along the disloca-
tion which creates the so-called sessile "Kear-
Wildorf" locks (1). It may also occur by local

pinning points, due to cross slipped 010&#x3E; seg-
ments, the production of which increases with tem-
perature ( This corresponds to Takeuchi and
Kuramoto (2) or Paidar, Pope and Vitek (3) models).

- the other one at intermediate and high tempera-
tures, related to the climb of edge dislocations by
a diffusion process (Flinn model(4)).

In order to determine the detailed deforma-
tion processes, we have performed in situ experi-
ments between 25 and 750°C, and the dislocation
movements were recorded and analysed. Because of
the high temperatures and stresses involved (1000
MPa at 750°C), microsamples cannot be glued, and
their design is particularly important. Fig.l shows
the microsample shape which provides a stress con-

centration around the thin edged hole, in the hat-
ched area with expected Schmid factor.

These microsamples were cut out of a single crystal
rown at ONERA (5). The choosen orientation has a

l10] tensile axis; under such conditions, two
octaedric planes (!il) and (111) (Schmid factor
~ 0.4) and two cubic planes (001) and (010) (Schmid
factor ~ 0.35) are activated.

In these experiments different types of beha-
viour are observed :

At 400°C-We observe a source with one anchoring
point, belonging to the (010)[iOll glide system.
The emitted dislocations have a jerky movement, and

they are the most frequently parallel to two parti-
cular directions, as described below in Fig. 2,
where the frequence of these directions is repor-
ted.

Measurements are performed each second. Position 1
is just perpendicular to the slip traces (S.T.) and
corresponds to a minimum length of the dislocation
in the thin foil : this is obviously an artefact.
Position 2 corresponds exactly to the screw orien-
tation and appear to be a real stable dynamic
position.

At 600°C - When the stress is applied, the disloca-
tion density strongly increases, and rectilinear
dislocations have a jerky movement in the cubic
planes, either isolated or in pile-ups. Under these
stresses, they may be curved on strong obstacles
and take then a bowed configuration constituted by
two crystallographic directions : the screw one,
and the other near [103] or [102]. This special
configuration corresponds to a very strong locking
and may be consistent with climb dissociation (6).
Unlocking of such configuration is also observed.

At 750°C ~ T peak - The observed moving screws are

readily rectilinear. Therefore it seems that the
corresponding strong friction force is temperature
dépendent and maximum at the peak temperature. The
local stress in (010) may be evaluated from
dislocation radii of curvature; its variation with
temperature is consistent with macroscopic
measurements.
These different aspects are analysed in terms of
the preceding theoretical models.
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