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SUMMARY

Electron microscopic studies have been made of the micro-
structures of solution-treated and aged specimens of Waspalloy and
Udimet alloys. Only a few large precipitate particles are observed
in the solution-treated specimens. Aging treatments of a few hours
at temperatures of 1500°F are sufficient to produce heavy precipita-
tion of very fine particles within the matrix grains of these alloys.
Evidence based on selective etching characteristics of the particles
indicates that this precipitate is the intermetallic 7y' phase. It
has been estimated that with long periods of aging this phase con-
stitutes approximately 20 and %0% of the volumes of the Waspalloy
and Udimet alloys, respectively. The microstructures of these
alloys are compared with previous observations on the microstructure
of Inconel-X alloy.
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OBJECTIVE

Recent metallurgical investigations have shown that the
minor phases which precipitate in the heat-resistant alloys under
conditions of stress and high temperature have a pronounced influ-
ence on the mechanical properties of the alloys. The present in-
vestigation was undertaken to apply the sensitive methods of elec-
tron diffraction and electron microscopy to the study of these
minor phases. The specific objectives of this project include the
development of procedures for applying these methods to the complex
heat-resistant alloys, and the use of these procedures to study
the development of minor phases in alloys typical of those cur-
rently used in the manufacture of jet aircraft engines.

vi
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I. INTRODUCTION

The general procedures for studying the minor phases of alloy
systems by electron diffraction and electron microscopy have been described
by Heidenreich and his associates.l»2 Briefly, the minor phases of the
alloys are identified by their electron-diffraction patterns, and the size,
shape, and distribution of the minor-phase particles are determined by elec-
tron microscopy. These studies are carried out on surfaces of specimens of
the alloys which are prepared by polishing and etching treatments chosen to
expose the minor-phase particles in relief with respect to the matrix phase.
The electron-diffraction patterns are obtained by directing an electron beam
across the surfaces at a grazing angle so that it strikes the protruding
minor-phase particles. The patterns thus obtained are analogous to patterns
obtained from fine powders by x-ray diffraction and are interpreted similarly.
The electron microscopic examinations of the surfaces are made through the
use of replica techniques. In the present work the simple and rapid collodion
replica method has been employed. This method has been described in detail
in the literature® and in previous reports on this project.*?S

Previous work on this project has included studies of various pol-
ishing and etching procedures for use in preparing the heat-resistant alloys
for the electron metallographic studies. In addition, extensive studies have
been made of the development of minor phases in 16-25-6 and Inconel-X alloys
with aging at 1200°, 1400°, and 1600°F. The results of these studies have
been described in detail in a recent technical report.4 The work carried out
during the period of this report has been concerned primarily with the micro-
structures of the titanium-aluminum-hardened nickel-chromium alloys, Waspalloy
and Udimet.

IT. RESULTS

Interest in the Waspalloy and Udimet alloys arises from the results
of previous studies of Inconel-X alloy which showed that the strengthening
and hardening of this alloy during aging results from the precipitation of a
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fine dispersion of particles of the intermetallic y' phase within the matrix
grains.4,® Electron micrographs showing the y' particles in specimens of In-
conel-X alloy aged 10 hr at 1600°F, 100 hr at- 1400°F, and 1000 hr at 1200°F
are reproduced in Figure 1, The Waspalloy and Udimet alloys are similar to
the Inconel-X alloy in that they are nickel-chromium base alloys containing
titanium and aluminum as hardening agents; however, they are generally supe-
rior to Inconel-X in strength and creep resistance at high temperatures. The
compositions of these alloys are compared with Inconel-X in Table I. The var-
iations in the amounts of titanium and aluminum among these alloys may be par-
ticularly significant since these elements are involved in the formation of
the intermetallic y' phase, which was found to be important in determining

the properties of the Inconel-X alloy. Studies of these alloys combined with
the previous studies of Inconel-X alloy may provide indications of the rela-
tionships between the metallurgical properties, the microstructures, and the
compositions of these alloys, and may lead to a more fundamental understanding
of the age-hardening phenomena in the titanium-aluminum-hardened nickel-chro-
mium alloys as a group.

TABLE 1

COMPOSITIONS OF INCONEL-X, WASPALLOY,
AND UDIMET ALLOYS
(Weight Percent)

Element Inconel-X Waspalloy Udimet
Ni 73.4 56.5 55 o4
Cr 14.6 19.5 19.5
Co S 13.4 14,8
Fe 6.9 2.9 ———
Mo ——— 2.8 3.8
Cb 1.0 ———— ———-
Ti 2.3 2.2 2.8
Al 0.67 1.1 2.9
Mn 0.51 0.88 0.17
Si 0.39 0.62 0.50
c 0.05 0.09 0.08

To date, only preliminary studies of the Waspalloy and Udimet alloys
have been completed; however, these have led to the development of procedures
suitable for preparing these alloys for examination by electron diffraction
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c. Aged 1000 hr at 1200°F

Figure 1. Electron micrographs showing matrix precipitation in
aged specimens of Inconel-X alloy (12,000 X).
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and electron microscopy, and have provided considerable information on their
general microstructural characteristics. It has been found that these alloys
can be electrolytically polished with a solution consisting of one part per-
chloric acid (72%) to nine parts glacial acetic acid, using the apparatus and
techniques described previously.4 For specimens about 1/2 x 1/2 x 1 inch in
size, electrolysis at currents of the order of 3-6 amp for periods of 30-90
sec is required to produce a satisfactory polish on specimens previously
rough polished with 3/0 metallographic emery paper. Satisfactory etching of
these alloys has been obtained with two different reagents having the follow-
ing compositions: (1) 10 ml glycerol, 5 ml hydrofluoric acid (48%), and 85
ml ethyl alcohol (95%), and (2) 7 ml phosphoric acid (85%), 28 ml sulfuric
acid (96%), and 24 ml nitric acid (40%). The latter of these reagents pro-
duces staining of some specimens of these alloys and is therefore generally
less satisfactory than the former for the electron diffraction studies.

Solution treatment of the Waspalloy and Udimet alloys at 2150°F for
2-4 hr and subsequent quenching in water or ice brine leaves only a few large
precipitate particles as shown in the electron micrographs of Figures 2 and 5.
These resemble the particles observed in the solution-treated Inconel-X alloy
and, as was the case in the Inconel-X, are probably particles of carbides or
nitrides such as TiN, TiC, MgC and MpgCg. Electron diffraction and x-ray
diffraction studies are being carried out to provide definite identifications
of these particles.

The most interesting microstructural feature of these alloys is the
extensive matrix precipitate which develops when they are subjected to aging
treatments at high temperatures. The numerous particles of this precipitate
are clearly evident in the electron micrographs of Figures 3, 4, and 5. These
particles are generally rounded or spheroidal in shape and appear to be ran-
domly distributed within the matrix grains. Their diameters and their separa-
tion in the matrix grains are usually of the order of 1000A.

Only short aging treatments are required to produce the extensive
matrix precipitation in the Udimet alloy shown in the micrographs of Figures
3 and 4. The micrographs of Figures 3a and %b were taken from specimens
which were solution treated, water quenched, and then aged at 1500°F for pe-
riods of 12 and 24 hours, respectively. The micrograph of Figure 4a was taken
from a bar of the alloy which was allowed to air cool after solution treatment
at 2150°F. Subsequent aging of this bar for 500 hr at 1400°F produced very
little change in the size, shape, or distribution of the precipitate as shown
by Figure 4. A rough lineal analysis of this latter micrograph indicates
that the precipitate phase comprises more than 30% of the volume of the alloy.

Figure 5b shows the extensive matrix precipitation which takes place
in the Waspalloy upon aging the alloy for 500 hr at 1400°F, following solution
treatment at 2150°F and water quenching. A rough lineal analysis of this
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a. Ice-brine quenched b. Water quenched

Figure 2. Microstructure of Udimet alloy after solution treatment at
2150°F and quenching as indicated (12,000 X).
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a. Aged 12 hr

Figure 3, Microstructure of solution-treated Udimet alloy, water
quenched and aged at 1500°F (12,000 X).



b. Aged 500 hr at 1400°F

Figure 4. Microstructure of Udimet alloy, air cooled from solution
treatment at 2150°F and aged as indicated (12,000 X).

a. Unaged (20,000 X) b. Aged 500 hr at 1400°F (12,000 X)

Figure 5. Microstructure of Waspalloy alloy, solution-treated at 2150°F,
water quenched and aged as indicated.
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micrograph indicates that the matrix precipitate constitutes about 20% of the
volume of the alloy. The effects of short aging treatments and of air cool-
ing after solution treatment, on the development of the matrix precipitate
have not yet been determined for this alloy.

Electron microscopic evidence has been obtained indicating that the
matrix precipitate in these alloys is the y' phase, which also formed the
matrix precipitate in Inconel-X alloy. This is derived from the similarity
in the response of the matrix precipitate of the Waspalloy and Udimet alloys
to that of the matrix precipitate of Inconel-X when etched with the reagent
of Taylor and Floyd.7 In the studies of the Inconel-X alloy it was observed
that this etching reagent produced a preferential attack on the particles of
the y' phase. The character of the attack is shown in the electron micro-
graphs of Figure 6 for a specimen of the Inconel-X alloy aged 1000 hr at
1400°F. Micrograph 6a was taken from the specimens after electrolytic polish-
ing in the acetic-acid—-—perchloric-acid solution and etching in the HF-glyc~-
erol-alcohol solution described above. The particles of the 7' phase shown
in this micrograph are in relief with respect to the surrounding matrix metal.
Micrograph 6b was taken from the same specimen after a subsequent etching
treatment for 1 sec at 0.2 amp in the reagent of Taylor and Floyd (5% hydro-
fluoric acid, 10% glycerol, 85% water). This micrograph shows clearly the
preferential action of this reagent, which dissolves the 7' phase, leaving
pits in the surface at the positions formerly occupied by the y' particles.
The response of Waspalloy and Udimet to similar etching treatments is shown
by the micrographs of Figure 7. As in the Inconel-X alloy, the particles of
the matrix precipitate are dissolved, leaving pits in the surfaces in their
place. As mentioned above, this is considered to be a good indication that
the matrix precipitate in these alloys is also the intermetallic y' phase.

In Figure Tb it will be noted that the preferential etching extends to por-
tions of the heavy deposits at the grain boundaries, indicating that portions
of these deposits are also of the y' phase. From their structure (see Figure
%), it appears that these deposits grow during aging from the coalescence of
the ' particles in the grains near the grain boundaries. In some instances
they appear to surround the carbide particles originally present in the
boundaries.

DISCUSSION

The results described here indicate that a fine dispersion of par-
ticles of the intermetallic ' phase forms in both the Waspalloy and Udimet
alloys on aging at high temperatures. The density of the y! particles in
these alloys is generally much greater than was observed in the Inconel-X
alloy and appears to be related to the combined titanium and aluminum content




a., Before etching b. After etching

Figure 6. Electron micrographs from specimens of Inconel-X alloy aged
1000 hr at 1400°F, showing the effects of etching with the reagent
of Taylor and Floyd (12,000 X).

a., Waspalloy

Figure 7. Electron micrographs from aged specimens of Waspalloy and Udimet
alloys etched with the reagent of Taylor and Floyd (12,000 X).
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of the alloys, which amounts to about 5 and 9 atomic percent for the Waspalloy
and Udimet alloys, respectively, as compared with about 4 atomic percent for
the Inconel-X. The volume percentages of y' in the Waspalloy and Udimet
alloy specimens aged for long periods was estimated from rough lineal analyses
of the micrographs of Figures 4b and 5b to be about 20 and 30%, respectively.
Assuming a composition of Nis(Ti,Al) for the y' phase, these are about the
maximum amounts possible for these alloys. The size and dispersion of the y!'
particles in these alloys appears to be much less dependent on the aging
treatment than was the case for the Inconel-X alloy. Thus, the difference

in structure between the specimen of Udimet alloy which was solution treated
and air cooled (see Figure l4a) and the specimen solution treated and aged 500
hr at 1400°F, is not as great as that between the specimen of Inconel-X aged
100 hr at 1400°F (see Figure 1%, and the specimen aged 100C hr at 1400°F
(Figure 6a). This greater structural stability of the Udimet alloy may be an
important factor in regard to its superior high-temperature properties.

The present studies also suggest that electron microscopic methods
may be among the most sensitive methods presently available for studying the
microstructures of the nickel-base alloys. Since many microstructural fea-
tures of these alloys are below the limits of optical resolution, the electron
microscope provides considerably more information than can be obtained by the
usual optical microscopic studies. Thus, the matrix precipitate particles
in tge micrographs of Waspalloy and Udimet alloys shown here do not exceed
2000A in diameter, on the average, while particles less than 500A in diameter
are revealed in the micrographs of the Inconel-X alloy. Likewise, the selec-
tive etching procedures used here may provide a very useful means of identi-
fying the intermetallic 7' phase in these alloys. This is often difficult
to accomplish by x-ray and electron diffraction because the structure of the
7' phase is so similar to that of the matrix phases of these alloys. Further-
more, the y' phase cannot be readily separated from the matrix by extraction
techniques because of its metallic character, and it frequently occurs in
quantities too small to be detected by direct diffraction studies on bulk
specimens. The present indications are that when properly employed the selec-
tive etching procedures described here will reveal very small amounts of this
phase., In addition, these procedures are most useful for distinguishing the
particles of the 7' phase from those of the carbide phases in specimens having
heavy overall precipitation.

In continuing the work on the Waspalloy and Udimet alloys it is
planned to make a more systematic investigation of the effects of variations
in the length and temperature of aging treatments on the size, shape, and
distribution of the y' particles and on the metallurgical properties of these
alloys. Electron diffraction and x-ray diffraction studies are also planned
to identify the carbide phase formed by the different aging treatments. In
addition, some further investigations of the selective etching procedures
for the identification of the y' phase are in progress to determine their
range of applicability and their overall reliability.
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