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Plastic Deformation Behavior in Pseudo-Binary Compound NizAl-CosTi Single Crystals

Seiji Miura*, Haruyoshi Kuriyama*,
Yoshinao Mishima* and Tomoo Suzuki**

*Precision and Intelligence Laboratory, Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama
**Department of Metallurgical Engineering, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo

Single crystalline Co;Ti base quarternary compounds, (Co, Ni)3(Ti, Al), are prepared and the effects of
temperature, strain rate and orientation on the plastic behavior are investigated. Then the results are com-
pared to other L1, intermetallic compounds being represented by NizAl. The differences found by the com-
parison are as follows. (1) Regardless of the crystallographic orientation with respect to the stress axis,
there is a strong negative temperature dependence of strength at low temperature regime. (2) Plastic defor-
mation is accompanied by serration on the stress strain curve and by metallic acoustic emission in the single
crystals with near-[111] orientation and at temperature regime between 77 to 973 K where the anomalous
positive temperature dependence of strength is observed. (3) For the same orientations, the temperature re-
gime where cube slip governs the plastic deformation is narrow. (4) Octahedral viscous flow at the high tem-
perature regime is not associated with well-defined yield drop. It is to be noted that the plastic behavior of
CosTi base single crystals should also be discussed seperately in the above four regimes as has been done in
other single crystalline L1, compounds.
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Table 1 Chemical compositions of the experimental
alloys.

=3 4
g Co.V type
-4 -
N
Q
(8]
/
// /. /DO:A
71
I
02r L12 |
|
\
\
(o] L L I
0 0.2 0.4 0.6 0.8 10
Ni;Al Ni, Ti
Ti / ALTi

Fig.1 The quartenary system NizAl-Ni;Ti-CosTi-
“CozAl”, where “CozAl” is the hypothetical phase,
showing the stable compositional range for the L1,
solid solution@®. Also shown are the alloy composi-
tions used in the present work.

. : Chemical composition
Atomic ratio (at%)
Sample| (Co+Ni) Co/ Ti/ . .

No. |:(Ti+AD |(Co+Ni)|(Ti+Ap| Ni | Co | Ti | Al
1 76.2:23.8 0.6 0.6 30.48(45.72|14.28|9.44

2 76.2:23.8 0.6 0.65 |30.48|45.72)15.47|8.33

3 76.4:23.6 0.7 0.7 22.92(53.48(16.52|7.08

4 76.4:23.6 0.7 0.75 |22.92|53.48(17.70(5.90

5 76.6:23.4 0.8 0.8 15.32|61.28(18.72|4.68

6 76.6:23.4 0.8 0.85 |15.32|61.28|19.89|3.51
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Table 2 Various orientation factors affecting the
plastic behavior in (Co, Ni);(Ti, Al) single crystals

currently investigated.
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Mirror index So Sc Sr R N & R oo It Eh AL B8 3 % ¥R T % Table 2 127~
A[—1,1.209, 1.738] | 0.397 | 0.495 | 0.427 | 1.25 | 1.08 <.
B[—1, 5.562, 45.30] | 0.452 | 0.101 | 0.087 | 0.223 | 0.193
So=Schmid factor for (111)[101] slip m £ B # 2
Sc=Schmid factor for (001)[110] slip
Sr=Schmid factor for (010)[101] slip
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Fig. 2 Compressive stress-strain curves of (Co, Ni)3(Ti, Al) single crystals with orientation axis A being near [111]

deformed at various temperatures.
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Fig. 3 Compressive stress-strain curves of (Co, Ni)3(Ti, Al) single crystals with orientation axis B being near [001]

deformed at various temperatures.
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Fig. 4 Temperature and orientation dependences of

flow stress in (Co, Ni);(Ti, Al) single crystals.

Table 3 Slip planes observed at various test tempera-
tures in (Co, Ni)3(Ti, Al) single crystals.
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Fig.5 Temperature dependence of CRSS for the
(111)[101] slip system in (Co, Ni)3(Ti, Al) single
crystals.
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Fig. 6 Temperature dependence of 0.2% flow
stress, o, normalized by the value at 0 K, gy, being ob-
tained by interporation for poly-and single crystalline
Co;Ti and (Co, 22.9Ni);(Ti, 5.9 Al) alloys.
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Niz(Al, 5Ti) and (Co, Ni);Ti single crystals.
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Fig. 9 Effect of strain rate on the temperature de-
pendence of CRSS for the (111)[101] slip system in
(Co, Ni)(Ti, Al) single crystals with orientations A
and B.
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