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DEVELOPMENTS IN THE. TEM EXAMINATION OF PU AND PU ALLOYS

T. 6. Z0CCO and 0. L. ROHR

MATERIALS SCIENCE AND TECHNOLOGY DIVISION
LOS ALAMOS NATIONAL LABORATORY, [LOS ALAMOS, NM 87545

ABSTRACI

Microstructural characterization of ‘plutonium utitizing
Transmission Electron Microscopy (TEM), has previously been shown
to be difficult because of the extreme toxicity and high
oxidation rate of plutonium metal. Recent developments 1in
olutonium sample preparation have shownn that TEM foils of both
alpha and delta phases may be prepared without the use of 1inert
atmospheric systems or complex preparation devicas. Using
standard =lectropolishing techniques,” samples may be produced
which yield 1important microstructural data on plutonium and
plutonium 3l loys.

tion of plutonijum microstructures by
tron Microscopy (TEM) has net with only limited
» past several decades(!'-7]. The limitation of

results may be attributed to several factors, including
general inaccessability to plutonium metal as well as dits high

toxicity and radicactive nature.

Wittout the use of TEM many questions concerning the
microstructure and phase transformation behavior of plutonium
remsin unknown[8-101. Plutonium is a complex metal(11), having

six allotropic transformations over a 600C temperature range as

well as other unusual characteristics, making it a. well suited

material for study by TEM. Previous TEM studies of plutonium have
discerned some details of the true microstructure of this metal
in the annealed(2,3]) and mechanically deformed condition(1],
however. most of these studies have been hindered- by difficult
sample preparation. It is generally believed that the difficulty
in producing TEM specimens of plutonium is directly related to
the metal's high oxidation potential. Several studies have
designed preparation facilities incorporating complex inert
atmosphere apparatus to reduce the potential of surface oxidation
of the plutonium foils(2,3]). While such a systein helps preserve
the metallic nature of the TEM foils it also reduces sample
production and preparation flexibility. These systems have met




with  some success, allowing observation of geneiral
microstructures in Pu and electron diffraction analysis.

The purpose of this investigation was to establish whether
inert atmospheric or other complex TEM sample preparation systems
are prerequisites to the examination plutonium metal and alloys.

A=t

wial for is =study was obtained from the Plutonium
Facility at Los Alamos National Laboratory (LANL). Both high
purity plutonium and a plutonium—1.5w/0 gallium alloy were used,
for the primary purpose of observing microstructures from several
phases of plutonium, specifically alpba and delta. Normally, the
moncclinic alpha phase allotrope is stable at room temperature,
however, additionsz of gallium can stablilze the delta phase to
rcom temperaturel12]). The 1.5w/o0 gallium alloy used was produced
over 20 years ago and therefore also allowed observation of long
term self-irradiation damage accumulated in the plutonium

= apparatus included commercially available
TEM electrooolishing unit placed in an open-front ventilation

hood as shown in Figure i, and a specimen holder with a transfer
davice transport and introduce specimens into the
Initial sample preparation required cutting bulk samples

2% were subsequently thinned by mechanical

t ickness 75 to 125 microns. TEM discs were

) f ~3 and resi rf oxide. 1t was

t the topolishing procedure, due to the strong

t f any y ter completing

the electropaiish. 811 grinding operations were done in a closed

AN TO ansure

Figure 1. Electropolishing unit for TEM disc preparation.
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confinement of plutonium dust created. The discs were then
transported 1in ‘a sealed plastic container to the electropolishing

-apparatus and the twin—Jet electropolishing procedure was begun.

A detailed discussion of standard jet polishing procedures
will not be given bere and is described elsewhere(13,14]. It
should be pointed out that no modifications were made to the
electropolishing apparatus used. in  this 1investigation. The
electropolishing procedure was typically carried out by two
individuals who worked as a team, .with one person working the

electopolisher inside the hood while the other person supplied -

consumables into the hood as was found necessary during the
procedure. This helped to increase productivity as well as reduce
the risk of spreading contamination to areas outside the hood.
A1l materials physically 1dintroduced into the hood were assumed

contaminated with plutonium and were disposed of as radiocactive .-

waste, including electrolytic and rihse solutions, absorbent
paper materials, and all gloves. Due to the high degree of
contact with contaminated solutions, a double set of gloves were
worn at all times whiTe working inside the hood. This ensured
protection from Tleakage of the radiocactive solutions to the

hands. The greatest hazard of working inside the hood was from
.spillage of the contaminated solution to outside areas of the

hood. Precautions were therefore .taken to contain such a sp111
including lacating the CThu;raponwanur inside’ a plastic tray and

construction of splash guards to " contain the so]ut1oﬁ inside the.
hood in case of a&an accidental spill. The' gaurds were fabricated

from aluminum foil, allowing any shape to be formed, as well as

of fering godd disposability’ once contaminated with |

electropolishing solution. ,
Roth alpha and delta phases of p]uton1um were auccessfu11y
thinned using two different electrolytic solutions. A solution

found to work well on  high purity alpha phase plutonium_

consisted of 25% nitric.acid and 75% dimethylformamide. A
solution using these. components also works well for the
preparation of polished metallographic specimens of Pu(15].
Electropolishing conditions were 20 volts at -10C, producing a
current of approximately 80 mA. A medium jet speed was used. The

- photoelectric cell sensing the . perforation of the .foil during

electropolishing was not set to maximum sensitivity as is usually
done to produce the maximum thin region, but rather to a lower
setting which gave a number of small perforations in-the foil,
and in most cases better ~thin area. The other solution used
consisted of 530 ml glacial acetic acid, 100 grams chromium

trioxide, and 100 ml .distilled water. This.solution: was found to-

work better on .the 20 year old delta phase Pu-1.5w/0Ga alloy used
in this study. Electropolishing conditions which produced the
optimum thin area for this soluticn were 17-21 wvolts at 10-12C,
producing a current of 150-200 mA. A very low jet speed was used
to produce these conditions.

Immediately after a <sample was electropolished, it was
rinsed several times in  methanol and then placed 1in a container
filled with fresh ethanol. The ethanc! oxygen and water
exposure to the foil surface and thereby temporarily, preserved

the foil until ft. could 'be loaded <nto the microscope - for
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examination. Ethanol was used as a preservative primarily because
of its high purity, leaving no film or residue upon drying and
therefore requiring no cleaning of the foils before insertion
into the microscope. Care was taken to never allow the sample to
dry before it was ready to be loaded into the microscope.

Once the sample had been transfered to another hood located
near the microscope, the specimen was taken ‘out of the
athanol-filled container and allowed to dry. While drying, the
specimen was loaded into a special microscope specimen holder
which alTowed the specimen to be retracted {inside the holder
after loading. This type of specimen holder is commercially
available and was purchased from Gatan., Inc.. Retracting the
specimen into the holder enclosed the specimen thereby minimizing
the potential spread of contamination to areas outside the
ventilation hoods, as well as decreasing the possibility of
contamination to the microscope goniameter and objective lens
regions. An additional measure was taken to ensure containment of
all Pu, and involved the use of a transfer device which cradled
the specimen holder and enclosed the end of the holder where the
specimen was located (Figure 2). This transfer device was used
when transporting the specimen holder to and from the microscope.

A JEOL 200B transmission electron microscope- (TEM) and a JEOL
2000EX scanning transmission electron microscope (STEM) were used
‘v axamine the glutoniuin fuils. Neither microscope was altered in
any way to facilitate the observation of plutonium. The STEM was
configured with a Tracor Northern x-ray microanalysis system and
all foils were examined at an accelerating voltage of 200kV.

Figure 2. Transfer
device for transporting
TEM specimen wand with
Pu specimen to and from
the electron microscope.

RESULTS AND DISCUSSION

Using the conditions described above, preparation of-
plutonium foils with viewable thin regions was found to be quite
reproducible. with one out of two foils typically having thin
regions. Surface oxide was always present on the foils but did
not interfere with general examination of the microstructures, or
diffraction data from electron tranparent areas. Typical regions
of the delta phase material were found to have a high density of




bend contours, probably from the waight and subsequent stress of
the specimen in the thin regions. Figure 3 shows the accumulated
radiation damage (voids) found distributed’ . throughout the
specimen. [t is suspected the radiation damage occurs primarily
from alpha decay. Observations of alpha phase plutonium revealed
an interesting microstructure with irregular grain bourdaries and
possible twin' formation (Figure 4).-

Figure 3. Microstructure of Figure 4. Microstructure of
™ ‘ 1 ph P
sample prepara ¢ ium for
t tra - been -
tions,

without the use of elaborat :
This allows higher specimen production, minimizing the tedious
operation of typical glove box configurations, and also decreases
the costs associated with such an operation. Oxidation problems
normally associated with plutonium metal were eliminated by
keeping ‘all prepared TEM: foils .in essentially nonreactive
solution environments. These included fresh ethanol and methanol
which are clean and contain.low quantities of oxygen and water.
Several electrolyes were found to polish plutonium although
different'so1ptions worked better for different phases. Further
experiments will be performed in an attempt to estabiish a single
eiectolyte which polishes multiple phase material.
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