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The Growth of 9’ Precipitates in 53Ni-20Co-15Cr Base Superalloy

Kiyoshi Kusapraxi, Xiao-min Zuanc and Takayuki Ooka

Synopsis :

The nucleation and growth behaviors of ¢’ precipitates in a 53Ni-20Co-15Cr-5Mo-4.9A1-1.3Ti alloy have been investigated

mainly by micro-Vickers hardness test, X-ray diffraction analysis and transmission electron microscopy.

The obtained results are as follows :

(1) The ¥ precipitates were observed to be spherical at the early stage of aging time and to be cuboidal at the later

stage.

(2) The hardness of specimens aged in various conditions closely related to the size and the quantity of y’ precipitates.

(3) The y’ precipitation cannot be stopped by water quenching after solution treatment. It is necessary to quench the
specimen at the rate of over 10* K/s to restrain the precipitation of y' phase.

(4) The growth kinetics of 9’ precipitates in the alloy followed the prediction of Lifshitz-Slyozov-Wagner(LSW) theory
of volume diffusion controlled growth at all aging temperatures. The activation energy for the growth of 3’ precipitates
was estimated to be 266k]J/mol which was nearly similar to those of diffusion of solute atoms; ie. Al, Ti and so on, in Ni

and Ni alloys.

(5) The actual particle size distribution of ¢’ precipitates was somewhat different from the distribution predicted by
the LSW or Brailsford-Wynblatt encounter modified (BWEM) theory.
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Table 1. Chemical composition of specimen. (mass%)

Ni Cr Co Mo Al Ti Mn Si

C Zr Fe B P S 0O N

52.85 15.03 20.12 4.96 4.85 1.25 0.30

0.35

0.128

0.11 0.098  0.0050 0.002 0.0009 0.0021 0.0015
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Fig. 1. Variations in micro Vickers hardness with aging
time at various aging temperatures.
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Photo. 1. Transmission electron micrographs of alloy 105 aged at 1123K for 36(A), 360(B) and 720ks(C).
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Fig. 2. Relations between volume fraction of y’ precipi-
tates and aging time at various temperatures.
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Photo. 2. Transmission electron micrographs of alloy 105 aged at 1173K for 3.6(A), 360(B) and 720ks(C).
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Photo. 3. Transmission electron micrographs and their selected-area electron diffraction patterns of alloy 105 solution
heat treated at 1423K for 3.6ks(A) and produced by a rapid solidification process using a single roll at the

rate of 18.7(B) and 31.4 m/s (C).
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mean particle size of 3’ precipitates.
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Fig. 4. Variations of lattice parameter a, of matrix and
v’ precipitates and lattice mismatch & with
aging time at 1123 K.
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Fig. 5. Variations in mean particle size of y’ precipi-
tates with aging time at various aging tempera-
tures.
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Fig. 7. Observed and theoretical size distributions of y’
particles precipitated at various aging tempera-
tures.

Table 2. Statistical parameters of particle size distribu-
tion of ¥’ precipitates.

Aging Aging Standard
temp./K time/ks deviation Skewness Kurtosis
1073 180 0.699 1.08 1.21
360 0.617 1.08 1.24
540 0.574 1.12 1.32
720 0.589 1.13 1.38
1123 180 0.500 1.14 1.42
360 0.448 1.12 1.35
540 0.404 1.18 1.51
720 0.302 1.30 1.87
1173 180 0.325 1.40 2.25
360 0.211 1.15 3.26
540 0.203 -0.33 3.08
720 0.220 -0.56 2.97
1223 180 0.186 -1.05 2.65
360 0.313 -1.33 1.94
540 0.511 -1.24 1.71
720 0.643 -1.15 1.40
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