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FAFIETE UNCLAgs g

A, On the basis of the incomplete data available to date,
the following tentative suggestions are made concerning
features of the equilibrium diagram of the plutonidﬁ-
aluminum systems

1. Essentially zero solid solubility of plutonium in
aluninum at all temperatures.

2. A eutectic composition of 98.3 atomic percent
elurinum. The eutectic temperature is 647°C and the two
phases involved are pure aluminum and an intermsdiate phase.

3. An intermediate phase of complex crystal structure
in the oomposition region Pull,.

4, A second intermediate phase of complex crystal
structure corresponding to PuAlS, which may react peri-
tectically to form the intermediate phase in the region
of PuAl,.

"5, A third intermediate phase corresponding to the
formula PuAl,, which may react peritectically to form
PuAls. The structure of PuAl, has been established as
cubic of the CupMg type, and is isomorphous with UAl,,
with a, equal to 7.820 kX. Its melting point is thought
to be the highest of the system and to lie between 1100°C.

and 1300°C.
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6. A fourth intermediate phase which exists in the
region of PuAl, 1% appears to have & structure distorted
from cubio, possibly tetragonal with an axial ratio of
about 0.98. This phase may result from a peritectoid re-
action at about 585° betweeg the intermediate phase PuAls
and the delta solid solution (solid solution of aluminum
in delta plutonium, stable at room temperature).

7. A fifth intermediate phase, which may have a
tetragonal orystal atructure, corresponding to the formula
PusAl, probably results from & peritectoid reaotion.at
about 565°C between the intermediate phase PuAl and the
delta solid solution.

8., The upper limit of solubility of aluminum in delta
plutonium at temperatures betweemn 25°C and 30°C is in the
neighborhood of 12.5 atomic percent aluminum. This solu-~
bility is evident only in the face-centered cubic delta
phase. Solubilities in the alpha, beta, and gamma phases
are zero percent aluminum while the limit of solubility in
epsilon plutonium is unknown. -

9. A two-phase field of alphe plutonium plus delta
80lid solution at aluminum percentages below about 2 atomic
percent at room temperature. This field changes to beta
plus delte, and gamma plus delte solid solution at succes-

sively higher temperatures. When the alpha-to-beta uand







beta-to-gamma transformations are observed there is no
noticeable change in the temperature of transition.

10. The aluminum-rich portion of the phase diagram
of the plutonium-aluminum system is apparently similar to
the high aluminum regions of the uranium-aluminum and the
rare-earth-aluminum systems, but somewhat more complex,
B. Alloys containing more than 80 per cent of the face-
centered cubic delta solid solution (2-20 atomic per cent
alurinum) are workable both hot and dold, and possess good
casting characteristics. The intermediate phase PusAl is
brittle at room temperature but exhibits moderate plastic-
ity at temperatures above 400°C. The intermediate phase
PuAl is brittle at room temperature but is quite plastic
at temperatures above 450° C. The intermediate phases
PuAl,, Pull;, and PuAl, are brittle and remain brittle up
to 485°C, the maximum temperature at which their forming
characteristics have been investigated. Castabilities of
alloys containing between 40 and 90 atomic percent aluminum
were found to be poor for several reasons (explained below).
Alloys containing from 90 to 100 atomic per cent aluminum
are oastable but are subject to a high degree of solidi-
fication shrinkage and are only moderately workable. These

alloys possess excellent machinability, however.
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C. No systematic data on corrosion are yet available,
but the resistances of the alloys to corrosion in labora-
tory atmosphere at room temperature appear, qualitatively,
quite good. The alloys containing more than about 75
atomic percent aluminum seem to be very resistant to
corrosion in leboretory atmosphere at room temperature,

D. Although results of experimental measurements are
not yet available,* a few deductions may be made regarding
thermsl conduotivities to be expected for some of the
plutonium-aluminum compositions. These point to conduc-
tivities of the order of that for pure aluminum in the 980
to 100 atomic percent aluminum renge, about one-third that
of stainless steel in the 2 to 20 atomic percent aluminum
range, and very poor thermal conductivities (characteristic
of intermetallic compounds) for compositions between about

25 to 85 atomic percent aluminum.

*Since this report was written, preliminary measurements
of thermnl conductivities have indicated values from about
one-half to equal that of pure aluminum for the composition
range 90 to 100 atomic percent aluminum.
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INTRODUCTION

On 1 July 1949 Group CMR-5 was authorized to undertake
an investigation of the plutonium-aluminum system. Since
that time work has progressed concurrently with oth?r re-
searches. A recent intensification of interest has made
advisable an accelerated work program and an immediate
presentation of such data as are now available. One
should keep in mind that suggestions and conclusions pre-
senied are tentative, unless otherwise specified, and may
be modified at a later date.

Alloy compositions are expressed as atomic per cent.
Where results of chemical analysis are available, these
results are also shown. In most of the following discus-
sion, however, alloy compositions are designated by the
nominel atomic percent aluminum content aimed for in the

original preparation of the alloy.
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GEMERAL EXPERIMENTAL PROCEDURES

The various methods of attack that have been utilized
involved the standard techniques of physical metallurgy
with such modifications and additions as were made neces-
sary by the reactivity and toxicity of plutonium,.

The alloys were prepared by vacuum-melting. The buttons
obtained through the melting operation were sampled for
chemical analyses and then divided into two specimens. One
specimen, in the as-cast condition, was utilized in mic;o-
structural investigations which comsisted of visual exami-
nation, photomicrography, micro-hardness, and micro-lineal
analyces to determine percentages of phases present. The
second half of the button was cold-worked, when possible,
and equilibration heat-treated. This specimen was utilized
for structural investigations by means of x-ray diffraction.
The remaining portion of each heat-treated specimen was
later examined mioroscopically, so that structures in both
the as-cast and heat-treated conditions might be compared.

In the determination of liquidus and solidus tempera-
tures, both inverse-rate and time-temperature curves were
obtained, the former manually and the latter autographically.

In order to obtain estimates of the workabilities of

the various alloys, some were cold-forged, some were cold-
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rolled, several were hot-pressed, and three aluminum-rich
alloys were hot-extruded. The extruded rods were praepared
for use as specimens in the measurement of thermal conduc-
tivities. These measurements are being made by R. B. Gibney
of Group CMR-9, and will be reported elsewhere.

While no systematic program for the determination of
corrosion rates of plutonium-aluminum alloys has been under-
taken, the oxidation behavior of alloy ingots at room tem-
perature in laboratory atmosphere has been noted, thus
enabling some conclusions to be drawn regarding their gen-

eral corrosion resistance in ordinary environments.

-

."
L L &4
Te




it
-
ol
TR * .



MELTING AND CASTING

The alloying and casting of specimens for all solid-
state investigations were accomplished by vacuum-melting.
Vacus of the order of 10~%mm of Hg were maintained through-
out all molting operations. Accurately weighed amounts of
the two components were placed in the melting crucible
inside a resistance furnace which was surrounded by a brass
"vac-can.”" The crucibles were magnesium oxide compacted
with magnesium sulfate binder and fired at 1950°C. Before
use, the crucibles were degassed at 1100 to 1200°C. Metal
welghts were so chosen as to yield buttons of about 0.3
cubioc centimeter in size, small enough to avoid gross segre-
gation and at the same time large enough so that the
composition might be weighed out with a reasonable degree
of accuracy.

The melting stooks utilized were high-purity aluminum,
obtained from the Aluminum Company of America, and remelted
plutonium stock RZ-16. For aﬁalyses of these materials, see
Appendix I.

The melting cycle first utilized was to heat rapidly
to about 1125°C, hold for five minutes, and cool at the
naturel rate of the furnace (approximately 6°/min.). This

procedure was found to be satisfactory for production of all
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alloys except those containing from 50 to about 80 atomic
per cent aluminum. Such alloys gave evidence of incomplete
melting at temperatures up to 1250°C. When higher temper-
atures were employed (around 1300°C) the alloys tended to
form brittle, porous "clinkers™ with evidence of excessive
spattering. Perfect alloying has not yet been attained
within +this composition range. It is believed that the
relatively high vapor pressure of aluminum (70 microns at
11259C) may result in undeairable shifts of composition at
high temperature and thus further complicate alloying,

The castabilities of alloys containing from 90 to 100
atomic per cent of aluminum have been observed while pro-
ducing extrusion slugs 1/2 inch in diameter by 2 inches in
length, The eutectic composition had, of course, the best
casting chatacteristics of the aluminum-rich alloys, but
even in this case about § per cent solidification shrinkage
occurred. The alloys seemed to possess good fluidity, but
because of the presence of essentially pure aluminum, care-
fully controlled directional solidification was necessary
to eliminate piping and other shrinkage cavities. The
fluidity of the delta-phase solid solution was apparently
high and its solidification shrinkage seemed small, although
no large castings have been produced on which more adequate

observations could be made. Alloys containing between 40
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and 90 atomic per cent aluminum were found difficult to cast,
primarily because of the high melting temperature of the
compound PuAlz. High shrinkage and brittleness at lower
temperatures contributed to casting difficulties.

The densities of the alloys so far produced are listed
in Teble I and presented graphically in Figure 1. The solid
line shown in Figure 1 is a curve of densities calculated
by the rule of mixtures using 2.70 g/cc for pure aluminum
and 15.85 g/bc, the density of the face centered cubic delta

phase, for plutonium.

- 11 -
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TABLE 1

Specimen Weighed Out Composition by Density
Number Composition Chemical Analysis As Cast

(At. % Al) (At. % Ad) (g/ec)
321 99,056 98.89 2.93
292 98,00 98,07 3.08
293 95.00 95.06 3.60
291 90,00 90,23 4.43
294 85,05 85.62 5.18
340" 82.60 82.50 5.89
312 80,01 82.37 5.77
341%. 79.14 6.05
313 76.00 77.056 6.18
342 72.49 6.78
314 70.01 69.20 7.39
298 65.02 7.61
299 60,05 68.90 7.16(%)
300 54.98 9.92
301 50.01 10,08
302 45,12 10.84
303 40,098 11.13
304 34.96 11.90

*Composition doubtful, spattering occurred during melting.

- 12 -~







TABLE I (Continued)

Specimen Weighed Out Composition by Density
Number Composition Chémical Analysis As Cast
(At. % Al) (At. % A1) (g/cc)
305 29.94 12,53
306 26.03 13.02
307 19.95 13.71
336 17.60 14.31
337 14.99 | 14.60
(end 14.58)
308 16.00 14.66
338 12.51 14.84
309 10.08 14.90
315 4.99 16.40
316 2.92 16.12
317 1.99 4,36 16.36
318 1.10 2.94** 17.05
296 ** 74.56 67.23 8.36
297%*> 70.04 66.00 8.36

**Since chemiocal analyses were performed by determiniung
weight per cent plutonium and obtaining weight per cent
aluminum by difference, and since conversion from weight
per cent aluminum to atomic per cent aluminum (for lower
percentages ) multiplies errors by a factor of approximately
9, good agresment between weighed-out and analyzed com-
positions cannot be expected for low-psrcentage aluminum.

%k %
These were clinkers, taken to 1325°C in melting. Con-

siderable weight loss occurred during melting.

- 13 -
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Figure |

VARIATION OF DENSITY WITH COMPOSITION
OF PLUTONIUM — ALUMINUM ALLOYS

—— Approx. Densities by Rule of Mixtures
+ Measured As-Cast Densities
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THERMAL ANALYSIS

In order to establish the liquidus and solidus temper-
atures of the plutonium-aluminum system, a vacuum-melting
furnace was employed for thermal analysis. By means of
chromel-alumel thermocouples, time-temperature curves were
obtained autographically on a Leeds and Northrup Model-S
Mioromaex Recording Potentiometer, and inverse-rate curves
were obtained manually through use of a Leeds and Northrup
Type-K precision potentiometer. Both types of dats were
recorded simultaneously and during both heating and cooling
portions of the thermal cycles. The specimens were prepared
by additions of plutonium metal to an initial charge of 27
grams of aluminum,

Since, until very recently, interest in such data was
not so high as in other features of the diagram, this work
was not begun until 10 October 1949. Consequently, only four
alloys (and pure aluminum) have so far been run. Data are
presented graphically in Figures 2 through 8. Heating
curves for the 90 and 95 atomic percent aluminum alloys
are not as yet available, The curves obtained from the 99
atomic percent aluminum alloy are typical of results
obtained from an alloy consisting of a primary phase plus a

eutectic mixture. The discrete steps shown on the plateaus

- 15 -
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of the time-temperature curves of the 98, 95,Aana'90 atomié
‘per cent aluminum alloys are not explained, but may have
resulted from the presence of an extremely narrow solid-
plus-liquid field with an upper limit defined by a peritectic
horizontal,
Several extremely small heat effects were noted at
higher temperatures during runs on the 95 and 90 atomic pef
‘cent aluminum alloys, which points may have resulted from
the presence of a second peritectic horizontal at about
725° ¢, The lower portions of the time-temperature curves
obtained from these two alloys suggest & solid-state reac=
tion extending over a range of temperature, and may repre-
sent the presence of a 8clvus line, If this is so, then
the intermediate phase occurring at about 80 atomic per
- cent aluminum has a range of homogeneity which is fapidly
- narrowed with decreasing temperature.
The above remarks concerning the two peritectic hori-
zontals and a solvus line must as yet be regarded as largely

. 8peculative.

- 16 ~
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Points well defined by thermal arrests are as follows:

Weighed-Out Liquidus Solidus

Composition Tempgrature Tempegature

(At. % A1) ( °c) ( "e)
100 660.2 660.2
99,01 663 647
98,06 - 647
96.02 - 647
89.63 - 647

A plot of these data has set the eutectic composition

at 98.3 atomic percent aluminum and the eutectic tempera-

ture at 647°C.

Points 111 defined

as largely speculative) are as follows:

by thermal arrests (to be regarded

¥eighed-Out PuAl, Pudl, Pudl Liquidus
Composaition Solvus Peritectic Peri%ectic Temp
(At. % A1) Temp {°C) Temp Temp (°C) ©¢.
98.06 647 - 636 652: -——- -
95.02 647 - 636 652 725 820
89.63 647 - 636 652 726 e
- 17 -
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X-RAY DIFFRACTION STUDIES

Specimens for securing Debye patterns were made by
filing the equilibration heat-treated half-buttons and
placing the filings in clear silica capillaries. The filled
capillaries were then evacuated to a pressure of 10'4mm of
Hg and sealed. Patterns were obtained on all specimens in
the as-filed condition and after subsequent heat treatments.
The Straumanis(l) technique was used with a 114,7-mm diameter
powder camera for the production of the Debye patterns. To
obtain precision lattice measurements, stress-relieved
filings were mounted between layers of Scotch Tape and ex-
posed in a back-reflection focussing camera., Resulting
patterus were analyzed by Cohen's(z) method.

In order to determine the solid solubility of plutonium
in aluminum, lattice-constant measurements were made of the
aluminum~-rich phase in 99, 98 and 95 atomic percent aluminum
alloys. As a check, measurements were made of the lattice
constant of the pure aluminum melting stock. The following

results were obtained.

(1)

M. Straumanis and A. Ievins, Naturwissenschaften,
Vol. 23, p. 833 (1935).

(Z)M. U. Cohen, Rev. Sci. Inst., Vol. 6, p. 68 (1935) and
Vol. 7, p. 155 (1936).
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(W. Q. = water-quenched)

7 are summarized in Table II.

accurately determined.

(A.C. = air cooled)

Nominal H. T. of H.T. of a, at 25°¢(kX)
Composition Original Filings for let ond
(At.% Al) Specimen  Stress Relief 8 n
100 ———— 150°¢-15 hr.~A.C. 4.0414, 4.0413g
100 - > - - 20000“15 hl‘.-A.c. 4004148 4.04162
99 6500°C-200 hr.-¥.Q. 200°C-17 hr.-A.C. 4.0420 4.,0421
98 60000-200 hl‘.-W.Q. 200°C‘15 h!‘.-A.C. 4.04186 4.04167
95 500°C-200 hr.-W.Q. 160°C-16 hr.-A.C. 4.0414g 4.04199

The values obtained indicate that the solid solubility

tectod by the lattioce-constant method.

of plutonium in aluminum, if not zero, is too low to be de-

The results obtained from the various Debye patterns

Because of uncertainities of
composition resulting from the relatively high vapor pressure
of aluminum at the casting temperatures, spattering during
melting, and gross segregution, the o&mpositions of the
intermediate phases, with one exception, have not yet been

The composition of the phase Pudl,

was fixed by determination of its relatively simple crystal

structure.

In the vicinities of the compositions PuAl3 and

Pull,, two intermediate phases of complex structure exist.

Solution of these structures has not yet been accomplished.

The intermediate phase PuzAl has proved to be difficult to

- 26 =~
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obtain in quantities large enough to yield a good diffrac-
tion pattern. However, the few lines obtained suggest a
tetragonal structure.

The crystal structure of Pully, was determined through

its isomorphism with UAl, and CuoMg. Independent intensity
checks made on PuAiz corroborated the results of Rundle
(cT-2721) for UAlz. The unit cell edge of the face-centered
oubic PuAl, was found to be 7.820 kX. The interatomic
distances are Pu-Pu, 3.38 kX; Al-Pu, 3.24 kX, and Al-Al,
2.76 kX. The caloulated density is 8.09 grams per ocubic
centimeter (observed density - 7.6 g/cc). The determinations
were made on patierns obtained from a specinen which had
been heat treated 200 hours at 500°C and was water-quenched.
Photograms obtained from specimens containing 25 to 50
atomic per cent aluminum after water quenching from a 200
hour - 500° heat treatment showed the presence of delta
solid eolution plus PuAl,., As a result,the existence of a
broad two-phase field (delta solid solution plus Pull,) was
postulated. However, after the sume specimens had been
given an additional heat treatment at 300°C for nineteen
hours (followed by cooling in air) their petterns included
faint lines which were found to correspond to those of a
distorted cubioc structure, possibly tetragonal with an axial

ratio of approximately 0.98. The conclusion may be drawn

- 27 =
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that an intermediate phase exists in the composition region
of PuAl, but the exuct mechanism of its formation is unknown.
Its orystal structure, combined with the fact that it be-
comes plastic at elevated temperatures, suggests that it

may possess 8 fairly wide homogeneity range.

Examination of the specimens containing 20 and 26 per
cent aluminum quenched from elevated temperatures revealed
the presence of an additional intermediate phase. Although
only a few lines could be obtained, the pattern suggested a
tetragonal structure, PusAl, isomorphous with Seré?)
Patterns obtained from specimens heat treated at various
temperaturgs reveal the fact that the intermediate phase
Pu,Al is present at 550°C but absent at 576°C, The pattern
of the PuAl intermediate phase is present at 575°C but
absent at 600°C, The sluggishness of the reactions pro-

ducing Pu Al and PuAl, and the microstructures of such

3
alloys, suggest that these phases may be formed by peri-
tectoid reactions.

Precision measurements of the lattioe constants of
plutonium-rich alloys quenched from 300°C and 500°¢,
indicate that the limit of solid solubility of aluminum in

plutonium (delte phase) is about 12.6 atomioc per cent

(S)Zinbl anc¢ Neumayr, Zeitschrift fur Eleectrochemie, Vol. 39,

p. 86 (1933).
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aluminum at these temperatures. The alpha-phase plutonium
pattern was observed in the photograms of the 1 and 2 atomic
percent aluminum alloys but was absent in those obtained
from the 5 atomic percent alloy.

Representative Debye patterns obtained are shown in
Figure 9. For those phases for which they have thus far been
determined, interplanar spacings and estimated relative

intensities of Debys pattern lines are given in Appendix II.

-~ 29 -
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Nomipal

Composition
(At. % Al)

[~ Y VRV S

TABLE II

Treatment

PHASES PRESENT IN PLUTONIUM-ALUMINUM ALLOYS
ASs DETERMINED FROM DEBYE PATTERNS

Phases Represented
in Debye Pattern

99

95
86
80
78
70

50

50

40

40

25

26

26

Cast button-500°C-
200 hr. Q, filings

Same as above
Same as above
Same as above
Same as above
Same as above
Seme as above
Same as above plus
300°C-1656 hr. - Q

Cast button-500°C-
200 hr. - Q, filings

Same as above plus
300°C-165 hr.

Cast button-500°C-
200 hr. - Q, filings

Same as above plus
3009¢-19 hr. - Q

Exposed in high-
temperature camera
at 450°C

- 30 -
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Al ¢ weak PuAl4

Al ¢+ Publ,

Al + Pully

Very weak Al + Publ,
Pullz + very weak Puil,
Pulls

PuAl, plus delta
80lid solution

Puldl, plus delte solid
solution plus medium PuAl

PuAls plus delta
solid solution

PuAl, plus delta solid
solution plus med. PuAl

Delta so0lid solution
plus weak Pull,

Delta solid solution
plus weak PuAl,,
plus very weak PuAl

Delta solid solution
plus weak PuAl plus
weak PuzAl







Nominal
Composition
(At. % Al)

W

TABLE II (Continued)

Troeatmont

Phases Represented
in Debye Pattern

10

10

Cast button-500°C-
200 hr. - Q, filings

Same as above plus
300°C-70 hr. - Q

Cast button~500°C-
200 hr. - Q, filings

Same as above plus
300°C-165 hr. - Q

Cast button, 500°C-
200 hr. - Q, filings

Same as above plus
300°C-70 hr., - Q

Cast buttons-500°C-
200 hr. - Q, filings

Same as above plus
300°¢C-19 hr. - Q

- 31 -

Delta solid solutioﬁ
Delta solid solution
Delta solid solution
Delta solid solution
Delta solid solution
plus very weak alpha
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FIGURE SA. Pure aluminum (99.9968% Al)
Filings stress-relieved at 200°C - 156 hours-

A.C." Exhibits Al pattern.

FIGURE 9B, 96 atomic percent aluminum, Specimen
Number 293. H.T. at 500°C - 238 hours - W. Q.**
Filings stress-relieved at 150°C - 70 hours - A. C.

Exhibits Al plus PuAly patterns.

*A.C. - Air-cooled in sealed capillary or capsule.®

%
W.Q.- Water-quenched in sealed ocapillary or capsule.
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FIGURE 9C. 80 atomic percent aluminum, Speoimen

Number 312, H.T. at 500°C - 258 hours - W.Q. -

ag filed, Exhibits one phase, PuAl, pattern.

FIGURE 8D, 76 atomic percent aluminum, Specimen

Mumber 313. H.T. at 500°C - 238 hours - W.Q.

Crushed easily. Exhibits one phasse, PuAl3 pattern,

FIGURE 9E. 70 atomioc percent aluminum, Specimen

Number 297, H.T. at 500°C - 238 hours - W.Q. As

filed. Exhibite one phage, PuAly, pattern.

(Composition by chemical analysis: 66 atomioc

percent aluminum),
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FIGURE 9F., 40 atomioc percent aluminum, Specimen
Number 303, H.T. at 500°C - 200 hours - W.Q.
Filings stress-relieved at 300°C - 165 hours -W.Q.
Exhibits PuAly plus delta plus PuAl patterns. The

lines attributed to the PuAl phase are marked.

FIGURE 9G. 10 atomic percent aluminum, Specimen

Number 309. Cast button cold-worked and H.T. at 5
500°C -~ 200 'hours - ¥.Q. Filings stress-relieved @
at 300°C - 70 hours - W.Q. Exhibits delta-phase

pattern. Note that the positions of delta-pattern

lines are approximately the same as in Figure 9F.

FIGURE 9H. 1 atomic percent aluminum, Specimen
Number 318. Cast button cold-worked and H.T at
B0O0OC - 200 hours - W.Q. Filings stress-relieved
at 800°C - 19 hours - W.Q. Exhibits delta-phase
with resolved doublets. In conjunction with
Figure 9G, shows the decrease in a, with inocreasing

aluminum content.
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MICROSTRUCTURAL INVESTIGATION

The specimens used for microscopy were mounted in
prefabricated lucite mounts with methyl-methaorylate plastioc
and faced-off on & small lathe. The mounted specimens were
then polished through 4/0 emery paper and finish-polished
on a wheel using Gamal cloth and Gamal alumina. This pro-
cedure became less satisfactory as the percentage of plu-
tonium was increased but was utilized over the entire range
of alloys.

The etching procedure varied only slightly among alloys
containing between 20 and 100 atomic percent aluminum, end
consisted of a swab etch with a solution of 2 to 3 percent
sodium hydroxide in water for periods ranging from 5 seconds
to 20 seconds. For alloys containing less than 20 atomio
percent &luminum, an electrolytic etoh, similar to that
which has been developed for pure plutonium, proved to be
superior to the sodium hydroxide etsh. The electrolytic
etohing of these alloys required variations in current
density from alloy to alloy, but tﬁe electrolyte in all cases
was a solution of four per cent tetraphosphoric acid aid
two percent glycerine in water. In several instances, sn
improvement in delineation of phases was obtained by fol-

lowing electrolytic etching with a light mechanical polish,
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using Gamal alumina on a wheel covered with Gamal cloth.
This variation was used successfully on all alloys contain-
ing less than about 10 atomic percent aluminum,

Specimens in both the as-cast condition and after heat
treatment for 200 hours at 500°C were examined microscopically.
Since the heat treatment did not appreciably alter the struc-
ture in any case, the photomicrographs presented are of alloys
in tﬁe as-cast condition, except Figures 32 through 35, which
for comparison show heat-treated structures.

The microstructures of the alloys showed the existence
of 8 eutectic composition at about 98 atomic percent alumi-
num. The eutectioc structure was shown to exist in all alloys
contaeining more than about 80 atomic percent aluminum.
Microhardness determinations indicated that the two phases
of the eutectic were substantially pure aluminum and a

relatively hard and brittle intermediate phase. Miocro-

"structures of alloys containing between 80 and 65 atomioc

percent aluminum suggested the presence of three inter-

mediate phases oéntaining about 80; 76, and 67 atomic per-
cent aluminum. From microscopic examination it appeared
that the region between 67 and 15 atomic percent aluminum
was & broad two phase field oompoéed of PuAl2 plus delta
solid solution. Microhardness tests, however, yielded very

erratic results which indicated the possible presence of one
. 37 -







or more additional phases. At no time were these suspected
phases observed microscopically, but their postulated exist-
ence has been substantiated Ly the discovery, through x-ray
diffraction, of the phases PuAl and PuzAl.

Both hardness tests and mioroscopic examinations have
shown that, in alloys containing less than about 2 atomio
percent aluminum, two phases exist at room temperature
(delt:a solid solution plus alpha plutonium).

The struoture exhibited in Figures 10 and 11 is typical
of 8 euteotic structure plus primary phase (aluminum). The &lloy
shown in Figure 12 shows a nearly 100% eutectic structure,
while Figure 13 exhibits a typical intermediate phase (PuAl,)
plus eutectic struocture. Figures 15 and 16 indicate the
rapidly inoreasing amount of PuAly up to the 80 atomic per-
oent aluminum alloy shown in Figures 17 and 18. Figures 19
through 23 indicate an absence of eutectics between the inter-
mediate phases and thereby suggest peritectic reactions.
Pigures 24 through 29 show the steédily decreasing amount of
the PuAls(white)intermediate phase. Figure 30 indicates
that alloys conteining approximateiy 10 atomis percent
aluminum consist largely of the delta solid solution, and
Pigurs 31 shows a structure consisting of a mixture of the

delta solid solution and alpha pluﬁonium.
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After photographing, the polished and etched alloys
were given miorochardness tests on a Tukon Microhardness
Tester using a Vickers type indenter. The results obtained
exhibited considerable variation, but average values of the
hardnesses of mioroconstituents are listed in Table III.

Lineal analyses of amounts of phases were attempted,
but were found to be subject to such large errors as to make

the results of no value.

TABIE III
Microconstituent Nominal Composition D.P.H.N.*
(At.% Al
Pure Aluminum 100 17
Eutectio 98.3 ' 48-62
Pual, 80.0 - 6§00-5625
PuAls 76.0 400-450
PuAl,, 66.7 500-600
Pual §0.0 , 100-150
Pu3A1 26.0 .150-200
'Delta Solid Solution 5.0-12.6 95-100
Alpha Plutonium 0.0 160-175

*Diamond Pyraumid Hardness - 25-gram‘load on Vickers type
indenter in Tukon Microhardness Tester.
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An attempt was made to develop a convenient and reason-
ably rapid technique for differentiuting between phases of
differing plutonium content. Preliminary results were
gratifying and are illustrated in Figure 36 and Figure 37,
The technique, which is here called autoradiomicrography,
oonsists of making en autoradiograph by placing the freshly
polished metallographlc specimen in direct contact with a
photographic film of extremely fine grain, and subsequently
mking & photomicrograph of the developed autoradiograph.

Figure 368, the autoradiomicrograph of a 99 atomic per-
coent aluminum ealloy, can be compared with Figure 10, the
photomicrograph of the same alloy. The autoradiomiorograph
shows that the plutonium atoms ars concentrated in the
eutectio structure. Figure 37 shows the degree of segrega-
tion of a 66 atomic percent alloy and should be compared
with Figure 23, There seem to be three degrees of con-
centration of plutonium atoms shown, perhaps the result of
& sluggish reaction.

The above two autoradiomicrographs were made for

Group CMR-5 by Group GMX-1.
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FIGURE 10. Spsoimen Number 32la, 99 percent
aluminum, as cast. Illustrates the aluminum-
PuAl, eutectic in the interstices of the pri-
mary aluminum dendrites., Swab-etched in 2%

NaOH - 156-20 seconds. Magnification 100 diameters.

FIGURE 11. Specimen Number 32la. Same as Figure 10,

except magnification is 500 diameters.
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FIGURE 12, Specimen Number 292a, S8.1 percent
aluminum, as cast. Almost 100% eutectic, with
small excess of Pull,., Swab-etched in 2% NaOH

15-20 seconds. M¥agnification 100 diameters.

FIGURE 13. Specimen Number 293z, 95.1 percent

aluminum, as oast. PuAl, in eutectic matrix.

Swab~etohed in 2% NaOH - 15-20 seconds.

Magnification 100 diameters.
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FIGURE 14. Specimen Number 95.1 percent
aluminum, as cast. Same as Figure 13 except
unetched. Mechanically polished.

Wegnification 100 diameters.

FIGURE 15. Specimen Number 294a, 85.6 percent

aluninum, as cast, Pu..l.l4 in matrix of euteoctic.

Swab-etched in 2% NaOH 15 to 20 seconds.

Magnification 100 diemeters.
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Figure 16, Spscimen Rumber 294a, 85,6 peroent aluminum,
as cast, Sams as Figure 15 except for higher magnification.
Clearly shows the euteotioc matrix. Megnification 500 di=-

ameters,

Figure 17, Specimen Number 312a, 80 percent aluminum
(chemical analysis: 82.4 per cent aluminum), as ocaste
Almost entirely PuAl, with little eutectic. Euteotio
easily resolved under polarized light, Black portions
are voids produced in casting., Swab-etched in 2% NaOH

15=-20 seconds, Magnification 500 diameters,
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FIGURE 18. Specimen Number 312a, 80 percent aluminum,
as cast, Same as Figure 17 except lower magnification
and unetched. Does not resolve the small amount of

eutetic present. Magnifiocation 250 dismeters.

PIGURE 19. Specimen Number 313a, 75 percent aluminum
(chemical analysis: 77.1 per cent aluminum), as cast.
Apparently the intermediate phase PuAlz, Swab-etoched

in 2-3% NaOH - 5 seconds. Magnification 500 diameters.
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