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A Study on the Precipitation Behavior of Disordered
vy Phase in an L1, Ordered y'-Ni,(Al,Ti) Phase

Chang-Suk HAN'
Dept. of Defense Science & Technology, Hoseo University
165 Sechul-Ri, Baebang-Myun, Asan City, Chungnam 336-795, Korea

Abstract Structural studies have been performed on precipitation hardening found in L1, ordered y-Ni(Al, Ti)
alioys using transmission electron microscopy. A uniform solid solution of y-L1, ordered phase supersaturated
with Ni can be obtained by solution annealing in a suitable temperature range. The y' phase hardens appreciably
by the fine precipitation of disordered y. The shape of y precipitates formed during aging is initially spherical or
round-cubic and grow into platelets as aging proceeds. High resolution electron microscopy revealed that the vy
precipitates are perfectly coherent with the matrix y' as long as the y-precipitates are plates. The loss of coher-
ency initiates by the introduction of dislocations at the y/y' interface followed by the step formation at the disloca-
tions. The y precipitates become globular aiter the loss of coherency. The strength of v-Ni,(Al,Ti) increases over
the temperature range of experiment by the precipitation of fine y particles. The peak temperature where a max-
imum strength was obtained shifted to higher temperature.
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Table 1. Nominal alloy compositions

Al Ti

Designation

mol% | mass% | mol% | mass%

NilBAI4Ti| 18.0 9.24 4.0 3.65 | bal
Nil2Al-9Ti| 11.9 5.95 9.1 8.08 | hal.
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Fig. 1. Yield stress vs. aging time. Specimens were
solution treated at 1423 K for 605 ks (168 h) followed by
quenching into ice-water and aged at various tempera-
tures indicated.
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Fig. 2. Transmission electron micrographs of alloy
Nil8Al-4Ti aged at 973 K for 108 ks (30 h). (a) bright
field image and (b) [100] dark field image. The dark field
image can reveal the morphology of the precipitates.
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Nil8AI-4Ti aged at 1073 K for 10.8 ks (3 h). (a) bright
field image showing the coherency strain field at the par-
ticles and (b) [202] dark field image showing spherical or
rounded cubic morphology of the particles at the peak
aged state.
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Fig. 4. High resolution image of a y precipitates showing
perfect coherency between the L1, ordered matrix and
the disordered vy precipitate, (a) high resolution image,
(b) diffraction pattern showing the diffraction spots
contributed for image formation and (c) enlarged image
of (a).
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Fig. 5.
Nil18Al-4Ti aged at 1173 K for 3.6 ks (1 h) showing the
sign of the misfit between the precipitates and the
matrix, (@) g = 022 bright field, (b) 111 dark field, and (c)
111 dark field i images.

Transmission electron micrographs of alloy
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Fig. 6. Transmission electron micrographs of alloy
Nil8AI-4Ti showing the growth of precipitates parallel
to the {100} planes. (a) aged at 1073 K for 360 ks (100
h) and (b) aged at 1173 K for 1.08 Ms (300 h).
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Fig. 7. Transmission electron micrograph of alloy Ni18Al-
4Ti aged at 1123 K for 3.6 Ms (1000 h) showing the
beginning of the loss of coherency.
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Fig. 8. Transmission electron micrographs of alloy
Nil8Al-4Ti aged at 1123 K for 10.8 Ms (3000 h) showing
the formation of interface dislocations. Note the change
of the morphology of the precipitates observed in the
different area of the same foil.
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Fig. 9. Interface dislocations at the step of y plate taken
under the different operating diffractions. (a) g = 200, (b)
g = 111, dislocations are out of contrast and (c) g 111,
interface of the step is nearly paraliel to the (202) plane.
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Fig. 10. The temperature dependence of the CRSS for
(111){101 } slip of Nil18AI-4Ti alloy single crystals aged
at various temperatures.
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