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A Study on the Precipitation Behavior of Carbide Particle
in Lls-type Intermetallic Compound NisAl
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Abstract  Structural studies have been performed on predpitation hardening discovered in L1;-ordered
Niz(Al,Cr) containing 0.2 to 3.0 mol% of carbon using transmission electron microscopy (TEM). Fine octahedral
precipitates of Mz, C; appeared in the matrix by aging at temperatures around 973 K after solution treatment
at 1423 K. TEM examination revealed that the MzCs phase and the matrix lattices have a cube-cube orientation
relationship and keep partial atomic matching at the {111} interface. After prolonged aging or by aging at higher
temperatures, the M G, precipitates then adopt a rod-like morphology elongated parallel to the <100
directions. Deformation at temperature helow 973 K, typical Orowan loops were observed surrounding the Mz.Cqg
particles. At higher deformation temperatures, the Orowan loops disappeared and the morphology of dislocations
at the particle-matrix interfaces suggested the existence of attractive interaction between dislocations and
particles. The change of the interaction modes hetween dislocation and particles with increasing deformation
temperature can be considered as a result of strain relaxation at the interface between matrix and particles.
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Fig. 1. Alloy composition(A) shown in the 1123 K isothermal
section diagram of Ni-Al-Cr system after Huang.

Table 1. Nominal Alloy Compositions of ¥'-Ni3(Al,Cr)-C
(Wt%).

Designation Al Cr C Ni
72Ni24A14Cr-0.0C 12.7 4.1 0.0 bal.
72Ni24Al4Cr-0.2C 12.7 4.1 0.1 bal.
72Ni24A14Cr-0.5C 12.7 4.1 0.1 bal.
72Ni24Al4Cr-1.0C 12.7 4.1 0.2 bal.
72Ni24Al4Cr-2.0C 12.7 4.1 0.5 bal.
72Ni24A14Cr-3.0C 126 41 0.7 bal.
77Ni19A14Cr-0.0C 9.8 3.9 0.0 bal.
77Ni19A14Cr-0.5C 9.8 3.2 0.9 bal.
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Fig. 2. The variation of microhardness of Ni24Al4Cr containing 0.2, 0.5, 1.0, 2.0 and 3.0 at% of carbon by aging at 973 K (a),

923 K, and 1073 K (b) after quenching from 1423 K.
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Fig. 3. Transmission electron micrograph of the Ni24Al4Cr-
0.2C alloy aged at 1073 K for 10.8 ks(3 h) showing the
precipitation of M»Cs carbide along dislocations.
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Fig. 4. Transmission electron micrographs of the Ni24Al4Cr-0.5C alloy aged at (a) 973 K for 1.08 Ms (300 h) and (b) 1073 K

for 108 ks (30 h) showing the precipitation of MuCy carbide.
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Fig. 5. (a) Transmission electron micrograph of the
N124A14C1 0.5C alloy aged at 973 K for 1.08 Ms(300 h), (b)
corresponding SAED pattern, and (c) corresponding key diagram.
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Fig. 6. Morphology of particles viewed from different
directions, (a) the beam direction(BD) is [001], (b) BD=[112],
(c) BD=[111], (d) BD=[110].
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Fig. 7. (a) Perspective schematic diagram of octahedron, (b)
projection from the [001] direction, (c) from the [112] direction,
(d) from the [111] direction, (e) from the [110] direction.
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Fig. 8. High resolution electron micrograph of M»Cy carbide
formed by aging at 973 K for 360 ks (100 h). BD=[110].
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Fig. 9. (a) The temperature dependence of the yield stress of polycrystalline Ni24Al4Cr, Ni24Al4Cr-0.5C, Nil9Al4Cr and
Ni19Al14Cr-0.5C alloys aged at 973 K for 1.08 Ms (300 h) after solution annealed at 1423 K for 260 ks, and (b) the temperature
dependence of the CRSS for (111) {101} slip of Nil8AI4Ti alloy single crystals aged at various temperatures.
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Fig. 10. (a) Dark field image of the My Cy precipitates viewed
from [111] direction and (b) deformation induced dislocations
in the Ni24Al4Cr-0.2C alloy aged at 973 K for 360 ks(100 h).
The Orowan loops are observed.
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Fig. 11. Dark field micrograph showing the Orowan bypassing
process in Ni24Al4Cr-0.5C alloy aged at 973 K for 1.08 Ms
(300 h) and deformed 3% at 573 K.

Fig. 12. Dark field micrograph showing dislocation loops in
Ni24Al4Cr-0.5C alloy aged at 973 K for 1.08 Ms(300 h) and
deformed 3% at 973 K.
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Fig. 13. TEM weak-beam image showing the dislocation
attracted to the interface. The specimen was aged at 973 K for
1.08 Ms(300 h) and deformed 3% at 1173 K.
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