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Summary

For a given heat treatment, the Ni-base superalloy RSR 143 consists of
three phases: the y matrix, y' cubolds, and DO2 platelets. Atom probe field
ion microscopy and analytical transmission elec%ron microscopy are used in
determining the compositions of these three phases. The most significant
result derived from this analysis is the conclusion that both Al and Ta play
a direct role in stabilizing the DO22 phase in this alloy.
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The three phases occurring in the BSR 143 crystal subjected to the
above heat treatment were found to be easlly distinguishable from one anocther
when imaged in the field ion microscope (FIM). From Figs. 2a, 2b, and 2c,
we see that the DO_._ phase appeared as a bright and very ordered region
whereas the Y phase appeared as bright but less ordered in FIM specimens
imaged in Ne and cocled by liguid N.. In Fig, 2d we see that the y' cuboids
imaged less brightly under the sameLim&ging conditions. The v' phase
uipeared more ordered than the v phase, though less ordered than the DDEE
phase.

Figure 2. Field ion micrographs of RSR 143 imaged in Ne at a specimen
temperature of 80°K. &) Highly ordered DO, platelet against background of
less ordered Y matrix. b) DO,, phase. ¢)°% phase. d) y' phase. The
micrographs in Figs. 2b, 2c, 86d 24 are of the same magnification.
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Microelemental analysis using the APFIM revealed the composition of the
DO, phase as T6Ni-LA1-17Mo-3Ta (at.%). The composition of the surrounding
Y %atrix was found to be 80Ni~13Al-TMo. Transmission electron microscopy
revealed the size of the Y' cuboids to be on the order of .5u; large enough
for composition determination by analytical TEM techniques. Using energy
dispersive X-ray spectroscopy (EDXS), we found the composition of the
Y' to be 69Ni-22A1-4Mo-5Ta (at.%). This composition compares favorably with
that obtained using APFIM: 68Ni-26A1-3Mo-3Ta. In Table I, we list the
composition for each of the three phases.

Table I. Analysis of RSR 143

Ni Al Mo Ta
RSR 143 76 13 9 2
DO,,> APFIM 76 4 17 3
Y, APFIM 80 13 T -
v', APFIM 68 26 3 3
A', TEM/EDXS 69 22 L 5

Digcussion

It is apparent from the TEM study conducted by Martin (3) that the Do,
phase is very stable in RSR 143 held at 800°C. According to van Tendeloo e%
al. (4), however, in an alloy of composition Ni_Mo, the DO2 phase dissolves
in 5 minutes when held at 800° €. One might suPpose then, %hat additions of
Al and Ta play some role in enhancing the stability of the DO phase.
Because the ordered DO phase is based on the same fcc lattice as the vy
matrix and the y' precipitates, Martin discussed this role in terms of the
statistical theory of long-range order (LRO) developed by de Fontaine (5).

In many theoretical treatments, it is assumed that LRO occurs when an
atom of a given species 1s more strongly attracted to atoms of a different
species than to atoms of its own species. One might also guess that the
structure of the resulting LRO might be influenced by the relative strength
of second nearest neighbor bonds as compared to first nearest neighbor
bonds. Indeed, the average pairwise interaction energy existing between i
nearest neighbors is regarded as the fundamental parameter influencing LRO
in alloy systems. For a binary alloy system composed, of atomic species A
and B, the average pairwise interaction energy for i nearest neighbors is

v, = %—(vﬁA + v?B_ 2v§B). (1)

1

Here V?A and V?B are t pairwise interaction energies for like ith near ﬁt
neighbors. The term 5 is the pajrwisg_interaction energy for unlike i
nearest neighbors. The energies V. , Vg , and V. are negative quantities
which become increasing%ﬁ negative as tﬁe bond in question strengthens. In
order to favor unlike i nearest neighbors, Vi must then be positive.

634



Hh35




Acknowledgements

We would like to thank Dr. Nancy Tighe and Dr. Robert Mehrabian for use

of the transmission electron microscope operated by the Center for Materials
Science at the National Bureau of Standards.

References

1.

D. D. Pearson, B. H. Kear, and F. D. Lemkey, "Factors Controlling the
Creep Behavior of a Nickel-Base Superalloy," pp. 213-233 in Creep

and Fracture of FEngineering Materials and Structures, B. Wilshire and
D. R. J. Owen, eds.; Pineridge Press, Swansea, U.K., 1981,

P. L. Martin, H. A. Lipsitt, and J. C. Williams, "The Structure of As-
Extruded RSR Ni-Al-Mo and Ni-Al-Mo-X alloys," pp. 123-128 in Rapid
Solidification Processing Principles and Technologies II, R. Mehrabian,

B. H. Kear, and M. Cohen, eds.; Claitors, Baton Rouge, La., 1980.

P. L. Martin, Ordering Reactions in Ni-Mo Based Alloys, Ph.D. Thesis,
Carnegie-Melbon University, Pittsburgh, Pa., 1982.

G. van Tendeloo, R. De Ridder, and S. Amelinckx, "The DO 5 Intermediate
Phase in the Ni-Mo System'", Physica Status Solidi (a), 2? (2) (1975)
pp. L457-468,

D. de Fontaine, "k-Space Symmetry Rules for Order-Disorder Reactions,"
Acta Metallurgica, 23 (1) (1975) pp. 553-5T1.

8. C. Moss and P. C. Clapp, "Correlation Functions of Disordered Binary
AMlloys III," Physical Review, 171 (3) (1968), pp. T64L-T777.

J. E. Spruiell and E. E. Stansbury, "X-Ray Studies of Short-Range Order
in Nickel Alloys Containing 10.7 and 20.0 at.% Molybdenum," Journal of
Physics and Chemistry of Solids, 26 (1) (1956), pp. 811-822.

S. K. Das, P. R. Okamoto, P. M. J. Fisher, and G. Thomas, "Short Range
Order in Ni-Mo, Au-Cr, Au-V, and Au~-Mn Alloys," Acta Metallurgica, 21
(7) (1973), pp. 913-928.

636



