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ABSTRACT

#

.

‘332eeqyi~ent and procedures used in the alternating current
electrolytic etching of plutonium metall.ogaphtc samples are described.
Examples are given which pertain to luw-purity delta plutonium alloys
subjetted to various degrees of cold roKLingarxlin different
coxxl.itionsof homogeneity, low-purity alpha plutonium in the cast and
rolled conditions, and high-purity alpha plutonium that had transfomned
dtiectly from the liqxtd state to the alpha phase UIXIervery high
pressure.
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INTRODUC!lTON

The alternating current (AC) etching of high-purity alpha plutonium
and delta ati beta plutonium alloys made from high-purity materials has
been described. (1) It is the purpose of thi~ report to describe the
ap@ication of the AC technicjye to low-purity cast aznlrolled alpha
and rolled delta plutonium, ELI@to metiion a modification of the earlier
described technique in its a~ication to high-purity alpha. ‘lkis
report is not irrtended to be ccqrehensive. Itieed, the almost
limitless combinations and various degrees of specimen homogeneity,
coring, @txrity level, and mechanical treatment would seem to preclude
a truly comprehensive treatment of the subject. Huwever, the pro-
cedures described below may be helpful as guides to indicate profitable
routes to follow to reveal consistently and satisfactorilythe micro-
structural features in most plutonium samples.

The eqyipnent
relatively simple

used in the
(see Figure

EwIPMEm

AC electrolytic etching of plutonium is
1). It consists of a 110 V, 60 cycle,

AC s~cej a v&.yiable transformer (10 amp capacity); voltage a= cn.u&ent

meters; ami an electrolytic ceU. One electrode of the cefi 5.sa stain-
less steel mesh placed in the bottcnnof a F@ex crystallizing dish that
contains the electrolyte. The polished surface of the plastic mounted
specimen is the other electrode. A stainless steel ~obe inserted
through a hole in the plastic mount provides electrical contact with the
specimen. The specimen-to-electrodedistance is naina12y 0.5 cm, ati
the electrolytes are not st3rred.

*
Greater than 200 ppn of impurities.
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!lheelectrolyte used in etching the delta-phase alloys contained,
by volume proportions, ~ parts lactic acid, 5 parts water, and 2 parts
sulfuric acid. That used in etching the alpha specimens contained
1 part nitric acid and 9 parts methanol. All. specimens, after being
et.ched,jwere qpickly rinsed first with water and then with methanol
and dried with a hot air blast.

PROCEDURESAND RESULTS

Delta J?Lutoniun

Example 1. Plutonium-1 w/o gallium delta alloy of relatively low
purity. The main impurities were iron, chromium, and cobalt. ~is
alloy had been rolled to reduce its thickness by 2fi. AC etching
was accomplished at 50 V for 5 sec with the “delta” electrolyte.
Following the AC etch, the specimen surface was cleaned by a DC flash

treatment* with the specimen as the anode, at 35 V for < 1 sec in an
electrolyte containing, by volume proportion, 8 parts phosphoric acid,
5 PEU%S ethanol, ml 5 parts glycerine. The results are illustrated
inl?igure 2. Delta grains, the high impurity level, and the gallium
deficiency in the regions surrounding the impurity eutectic (plutonia-
iron, etc.) are revealed, but the fact that the alloy had been rolled
is not obvious f’romthe fi e.

Y
The microsegregation of gallium has

been described earlier. (2

Example 2. ELutonium-lw/o gallium delta alloy, rolledand
recrystallizeal. ‘Ibisalloy has finer grains than the one in Example 1,
but otherwise the microstructure are very similar. It was etched in
the same manner as described under Example 1. Sae Figure 3.

llxample3. Plutonium-1 w/o gaUium delta alloy, rolled to attain
approxhnately 60$ reduction in thickness. Figure 4 illustrates the
results obtained when the specimen was etched as described under
Example 1. This treatment reveals grain size ati coring. The use of
a lower AC voltage and a longer etching time (1.8V for 10 see) gave the
results illustrated in Figure 5, where the impurities are more easily
discerned.

Example 4. P.lutonium-lw/o ga3J.iumdelta alloy, reduced 85% in
thickness by rolling. This specimen also was etched as described

.
The equipnent used is shilar to that described above for the AC

etching procedure, except that a DC power supply (0-50 V) and DC meters
replaced the ILO V, 60 cycle, AC source and AC meters.
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under Example 1. Use of a lower voltage and a longer etching time
would have revealed the inclusions more clearly. The results are

illustrated in Figure 6.

Alnha Plutonium

Before etching alpha plutonium specimens it is necessaryto condi-
tion or “dope” the fresh “alpha” electrolyte. This is done by “etching”
the stainless steel probe in the electrolyte for n sec at 1 amp, which
causes the electrolyte to becmne slightly darkened. The conditioning
is necessary to facilitate rinsing away the flocculent layer that forms
on the specimen surface during etching. If the conditioning is not
done, the layer is difficult to remove and stains the specimen.

Ikample 5. b-purity, cast, alpha plutonium. This material was
etched at 5 V (AC) for 10 sec in the “alpha” electrolyte and then was
given the DC flash treatment as described under Delta Plutonium,
Example 1. The results are illustrated in Figure 7. Though the grain
size is not well delineated, the inclusions and certain ‘trough”areas
or groups of pits are easily visible. ‘Theserough areas are indicative
of coring and retention of higher temperature allotropes, as is shown
by microhardness measurements. The rou@ areas had a hardness of
155 * 5 DPH while that of the smooth areas was 245 * 10 DPH.

Example 6. Low-purity alpha plutonium ai’terbeing rolled in the
beta phase to attain 37$ reduction in thickness and then held at llO°C
for 150 hr. This material, because of its many inclusions, was etched
at 3 V (AC) for !ZQsec. It did not require the IX!flash treatment.
AS illustrated in Figure 8, the grain delineation is fair and the
inclusions are clearly shown.

Example ~. High-purity alpha plutonium which had been transformed
from its liquid state directly to the alpha phase at high temperature
and very high pressure. This material was etched at 5 V (AC) for 25
sec. Nbtice that its grain boundaries, as illustrated in Figure 9,
are different from those of alpha formed during normal cooling under
vacuum or near atmospheric -gmessure. The grain boudaries of the alpha
transformed at high pressure are much smoother and more regular than
those of the more normally transformed high-purity material.

CONCLUSIONS

Fairly good reproducibility of the etched surfaces on metall.ographic
samples of low-purity alpha plutonium and delta plutonium alloy was ob-
tained by means of the AC electrolytic etching method described in this
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. report. Although the quality of some of these etched surfaces was not as
gocd as the quality of those produced earlier on purer plutonium, under
smnewhat different etching conditions, the examples given here show that
the AC method is applicable--by varying voltages, electrolytes, and
etching times--to plutonium spectiens having quite different purities
and widely different mechanical and thermal treatment histories.

REFEREws

1. K. A. Johnson, in preparation.
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Figure 2.

Figure 3.

Exsmple 1. Plutonium-1 w/o gallium delta alloy} rolled to
reduce its thickness by 2~0. Note the impurities in the
grain boundaries and the gallium deficiency in the boundaries
and in the areas adjacent to the impurities, as shown by the
relief. 500 X.

Exsmple 2. Plutonium-1 w/o gallium delta alloy, rolled and
then recrystallized. Similar to Figure 2 except for the
finer grain size. 500 X.
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Figure 4. Exsmple 30 Plutonium-1 w/o galIKum delta alloy, rolled to
attain 607$reduction in thickness. Note the residual coring
as indicated by the grain boundary relief. 500 x.
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Figure 5. Example 3. Same ssmple as shown in IWure 4 but with a
lighter etch. Altho&h the coring is ~ot
Figure 4, the impurities are more clearly
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Figure 6. =emple 4. Plutonium-1 w/o gallium delta alloy rolled to
reduce its thickness by 85%. Note the severallarge, oval,
unstriated areas. These areas are probably deficient in
gsllium and thus did not defozm as much as the other areas.
500 x ●
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Figure 7. Exsmple 5. Low-purity, cast, alpha plutonium. Note the
pitted areas, which indicate the retention of other plutonim
allotropes at roam temperature. The major impurity appears
to be the Pu6Fe type compound. 500 X.
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Figure 8. Example 6. Low-purity alpha plutonim, rolled to 3~0 reduc-
tion at beta temperatures and then held 150 hr at 11O”C. 500 X.

Figure 9.
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Exsmple 7. High-purity alpha plutonium that had been trans-
formed from the liquid Urectly to the alpha phase at high
pressure and temperature. These intergranular boundaries
are much smoother
high-purity alpha

and more regular than those of “no~~”
plutonium. 500 x ●
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