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AN APPLICATION OF TRANSMISSION ELECTRON MICROSCOPY
TO SPLAT-COOLED PLUTONIUM ALLOYS

by

Dana L. Rohr and R. O. Elliott

ABSTRACT

Plutonium alloy foils, thin enough for transmission electron
microscopy (TEM), were made by rapidly quenching small
specimens from the melt in a “gun’’-type, splat-cooling device.
Microstructure in selected regions of the nonequilibrium alloys
thus produced are illustrated and discussed. To our knowledge, all
previous attempts to do TEM on plutonium and its alloys have fail-
ed.

——— ———_. ________— .——

1. INTRODUCI’ION

The earliest attempt to make plutonium samples
for transmission microscopy at the Los Alamos
Scientific Laboratory (LASL) began in the fall of
1963, when rolled alpha (pure) and rolled delta
(alloyed) sheets were thinned electrochemically.
(See Ref. 1 for indirect reference.) The oxidation-
sensitive nature of plutonium invariably caused the
end product to be a sandwich of thin metal between
relatively thick layera of oxide. Such samples were
unsuitable and the work was discontinued. Other
workersz-1 also tried electrothinning with similar
results. As far as we know no other attempts have
been made since 1967. At that time elaborate iner-
ting systems seemed necessary for both the dry box
and thinning equipment; such a scheme was con-
sidered by Wadleigh5 but was never implemented.
Ion-thinning techniques were also considered,6 but
again experimental difficulties led to abandonment
of the effort. “

In 1962 Willens7 had shown that rapid quenching
from the melt (splat cooling) in a “gun’’-type ap-
paratus produced thin foils suitable for TEM. Since
then it was known that this technique promised a
way of obtaining TEM samples of plutonium alloys.
However, it was more than a decade later before a
splat-cooling apparatus of this type was built at
LASL for work with plutonium and other alpha-
radioactive materials.g Briefly, this splat-cooling

apparatus quenches samples by means of a shock
pulse which ejects a bead of molten metal through a
hole -1 mm in diameter in the bottom of a ceramic
crucible and onto a relatively massive copper or
silver target plate. The force of the shockwave ejects
the molten material from the crucible at high veloci-
ty as a fine spray of micron-sized droplets that im-
pinge on the target plate. Rapidly quenched samples
thus produced are porous in nature; nevertheless
they are suitable for analysis by standard x-ray dif-
fraction methods and, in some cases, by TEM, as
will be shown.

The porous, splatted deposit is made up of many
thin foils of irregular size and shape that overlap in
places and stick together. The thickness of in-
dividual foils varies from a few hundred angstroms
near edges and around holes to many microns at the
center. Small chips of the splatted deposit can be
lifted from the target plate with tweezers or a needle.
Such chips or flakes were mounted between two elec-
tron microscope grids and placed in the microscope
for examination. In nearly every case, the edges of
such chips were transparent to the electron beam
and proved quite suitable for viewing. Using stan-
dard precautions for handling alpha-radioactive
materials, 1 the sample was taken from the vacuum
atmosphere of the splat-cooling apparatus and plac-
ed in the vacuum atmosphere of the microscope. Ex-
posure to air was usually 10 min or less and no obser-
vable degradation of the sample surface occurred.
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However, in regions thin enough for electron
transparency the samples often showed a heavy ox-
ide deposit which prevented observation of the
microstructure of the metal or alloy. Table I lists the
splat compositions examined by TEM. The
plutonium-gallium alloys, pure plutonium deposits,
and neptunium-cobalt alloys were particularly
susceptible to oxidation based on electron diffrac-
tion evidence. The patterns of all alloys examined
were made up of a mixture of alloy and oxide spots.
These spots could be separated and indexed only
with considerable difficulty under favorable cir-
cumstances. We also observed that when a sample
was subjected to unusual electron beam heating it
was converted to small grains of PU02, as illustrated
in Fig. 1. The electron diffraction pattern of the sam-
ple is shown in the lower left-hand corner of the
figure. In the plutonium-titanium and plutonium-
cerium systems, however, a few regions were found
where, under normal operating conditions, the splat
deposita showed only a thin oxide layer that did not
obscure the structures of interest.

DISCUSSION OF RESULTS

A transmission electron micrograph of an as-
deposited fcc ~-plutonium solid solution containing
18 at.% titanium appears as Fig. 2. Bands of chang-
ing orientation, presumably twin bands or kink
bands, are common; this might be expected in a
material with a complex thermal and mechanical
history such as occurs during splat cooling and non-
equilibrium solidification. Appearance of twin bands
in Fig. 2 is in agreement with a very large twinning
fault probability in a nearly identical &plutonium
alloy containing 15 at.% titanium, based on a line-
broadening effect in the x-ray diffraction pattem.g
Particles, presumably of the equilibrium a-titanium
phase, that have precipitated can be seen in the
matrix. The TEM evidence thus suggests that the&
phase in this 18 at.% titanium alloy may not have
formed directly from the melt during rapid
quenching, but rather that it might have been the
product of a solid-state martensitic transformation
from the high-temperature bcc form of plutonium
(t’-phase),

The microstructure of another as-deposited &
plutonium solid solution containing 22.5 at.%
cerium is shown in Fig. 3. Again, fine bands with a
width of 50 to 80 A can be seen in the figure, in-
dicating that this alloy may also have been formed
by transforming martensitically from an &
plutonium solid solution during the quench. The
streaked electron diffraction pattern in Fig. 3. in-
dicates the existence of thin plates in the microstmc-

TABLE I

COMPOSITION OF SPLAT-COOLED
SAMPLES EXAMINED BY TEM

-r. –

plutonium 40 at.’%otitanium
plutonium 25 at.% titanium
plutonium 20 at.% titanium
plutonium 18 at.% titanium
plutonium 5 at.% titanium
plutonium 30 at.% cerium
plutonium 25 at.% cerium
plutonium 22-1/2 at.?ZOcerium
plutonium 5 at.YOcerium
plutonium 45 at.’% gallium
plutonium 35 at.’% gallium
plutonium 25 at.% gallium
plutonium 20 at.% gallium
plutonium 17-1/2 at.% gallium
plutonium 15 at.% gallium
plutonium 12-1/2 at.% gallium
plutonium 7-1/2 at.% gallium
plutonium 3-1/2 at.’% gallium
plutonium 12 at.% nickel
neptunium 14 at.% cobalt
a-plutonium

ture aligned parallel to the electron beam, in agree-
ment with the appearance of the twinning seen in
the micrograph.

Splat cooling of binary and multi-component
alloys has produced many amorphous phases.lo
These are formed when molten alloys are quenched
rapidly enough to suppress crystallization and may
be considered to be undercooked liquids. The
presence of such a phase may have been found in
selected regions of splat-cooled plutonium-gallium
alloys, where microstructure in the 25 to 50 at.%
gallium range tended generally to appear free of
structural details and where electron diffraction
showed only very diffuse rings, as illustrated in Fig.
4. X-ray scattering patterns verified the non-
crystallinit y in 45-50 at.% gallium alloys.11

SUMMARY

Our experience with splat cooling by the “gun”
technique has demonstrated a limited usefulness of
that method as a tool for producing thin foils of
plutonium alloys for TEM. This has enabled us for
the first time to look at and photograph the
microstructure of plutonium alloys by TEM
methods.
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Fig. 1.
PU02 crystallite formed by electron beam heating in the electron
microscope. Magnification = 70 (MO.

Fig. 2.
Fine twin bands in an 18 at. % titanium-plutonium alloy. Magnification =
70000.



Fig. 3.
Microtwins in a 22-1/2 at. % ceriu-m-plutonium alloy. Magnification
125000.

4%

.

.Fig. 4.
Amorphous phase in a 25 at.’% gallium-plutonium alloy. Magnification =
80000.
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