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ABSTRACT

.
Threo wnples of plutoxxlumhave been examined under the micros-

cope, +JWOas reduced from the fluoride and one vacuum remelted, rolled. and

annealed.

All samples have shown at least two phases, kt probably not the

same two phases in every case.

It has been found that the phosphoric aoidurmium electropolishing

solution oan both polieh aud etch plutonium.
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METALLOGRAPHY

.

Three impure plutonium samples have bean examined for micro-

structure. The first sample (micro 2396) was reduotion sample no. 1355 b,

the first successful ~0 xugreduction made by ?dagelby reduotion of PuF4

with 1ithium in MO in the ccntrifuge. The

reduction no. ll#36a)resulted from a 930 mg

tions a~ above whioh gave 56 per oent

cent plutonium and of density, 1~.~.

showed considerable segregation. The

iron, 100 ppm Li, 200 ppm Be~ 100 ppm

yield

second mmpl”e (micro 2439,

reduotion under the same oondi-

of material assaying 97.6 per

Spectrographic analysis (Nachtrieb)

better parts contained 1000 ppm of

Mg, and the Iesa pure portions

(coluble in HN05) had 8000 ppm iron, 11,000 ppm IA, 2@0 ppm l%, 2000 ppm

Mg and WO ppm ?Jn. The 30 & sample taken for mioro examination was pro-

bably representative of the purer material. !Chethird sample was a 100 mg

portion of the 930 mgreduction, but was remelted by Weimsman, Lipkin and

Perlman in vaouo on a uranium nitride block. This was reduced to 0.009

in. thickness by annealing and rolling with two intermediate anneals, and

given a final anneal at 600° C. This ia mioro sample no. 2485. The hard-

ness (Eberbach) varied from about 123 in the annealed condition to 226-24

after oold working.

All,three of the samples appeared to show at least two phases,

with the second phase distributed in the grain boundaries of the parent

metal.

Figs. 1 and 2 show the structure of the two “as-reduced” samples.

The structure of the seoond sample differed from that of
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grain-bbundary phase WRS sharper and more well defined than in tho

first sample. It is doubtful

associated with the high iron

if it is the same composition andsnay be

content.

Fig. 1. First 50 mg Plutonium Sample Fig. 2.
as Rsduoed.

2396-1-1 ?Jotetohed x 250 24391.2

The ~olishing in all cases was mechanical,

First 1 gram Reduction, aa
Reduced.

Not etched x 250

ending with levigated

alumina on a silk wheel. The structures shown in Figs. 1 and 2 are after

meclumical polishing. without etching. All the etohing reagents listed in

Table I were tried, lxatfailed to-do more than to inoroase the contrast

slightly or to oause pitting.
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Table I. Etching Reagents Used on Plutonium Sample No. 2

Reagent

1$ nital

5$ nital

0.574 HF in
water

Saturated 12
in alcohol

1s1 above solu-
tion and alcohol

Picral

100 H@

Bichromate
solution
100 cc Lo
2 g ~Cr~07

4CC sat. NaCl
solution
8 cc H@%

10$ oxalio
add

% oxalic
(elootrolytic)

5$ oxalio
(electrolytic)

Results

Little effeot. Possible darkening
constituent.

Same.

@taolcs dark

Darkens main
on thorium.)

*

network constituent.

constituent. General

Aotion less drastio.

No effect

of main (light)

pitting. (Works well

Straight and very dilute in alcohol caused bad pitting.

Bad pitting.

Stains major constituent. Causes blackening if left ,
more then x sea.

Bad pitting.

Bad pitting.
o

The third~ample was examined after annealing Invacuo at 600° C.
.

and after rolling to 0.009 in, thick, the last reduotion being about 59 per
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cemt. ‘I’hevarious structures observed are shown in Figs. >10. The mioro

hardues~ (Eberbaoh) was about 123.

Unlike the Samples ‘:$Figs. 1 and 2, very little structure wae

visible in the remelted and r~’lledsample (2@5 ) after mechanical polishing
.

alonb. Variou& etohing reage.za were used whioh had given some hope of

success with the earlier samp:3s@ but which Gould not be accurately evalu-

ated became of the tendonoy ;>r earlier samples to polish-etch. These

etching reagents inoluded the .:ollowingin various oonoentrations% nital,

iodine in aloohol, and oxalio zoid. However~ it was found that the usual

solution used for alectrolyti polishing of uranium (~5 per oent ethyl

~lcohol, 25.7 per cent each o ethylene glyool and orthophosphoric aoid)

did bring out a structure, Fi:.a.>10.

This etching solution appeared to etch differently depending

upon the time that it was allowed to act. Shorter times (about 1-2 min.)

disclosed a continuous ark etohing phase surrounding a discontinuouslight

etohing phase. Longer times appeared to lighten the dark phase and darken

the light

structure

men. The

phase; still longer times resulted in some eleotrolytio polishing.

Another thing which made soiaedifference in the appearance of the

was aatual composition differences along the length of the speoi-

rolled specimen was mounted on edge so that a

would be polished away. As the speoimen was repeatedly

polished, the appearlmoe of the microstructure varied.

minimum of material

polished and re-

in one portion.

there appeared to be many small oxide islands in the metal.
“

clumps of oxide could be seen on the outside of the speoimen

Here and there

(Fig. 5). This
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oxide was oauaed, at least in

quartz tube during one of the

-7”

.

leak in the evacuated

The distribution of the

oxide particleE i8 not what one would expeot had they had no ohancm for

rearrangaient other than by’the rolling sinoe the material was first rc-

meltod, he~e it is not b~ond the realM of possibility that the material

had been melted during the

phases is not inoorhiistent

immediately suggest a cast

closes a fine network of a

appearance to that visible

600°C. anneals. The distribution of the other

with this, although it certainly does not

structure. Very light etohing (Fig. 3) dis-

dark etching phase which is quite similar in

more abundantly in the sane mmple beforo re-

melting (Fig. 2)0 De@per etching disclones a two phase structure whioh

certainly indicates some transformation either during heating or cooling,
.

and is not a structure that would result from mere recrystallization and

grain growth of a pure metal or two phase alloy not undergoing transforma-

tion or wide change of volubility. On deeper etching, the appearance

reverses, the continuous phse now appearing lighter than the discontinuous,

somewhat aciaular phase. The boundaries of the aoicular cores are not

clearly defined, and it is possible that they are actually the same phase

with more copious precipitation of ~ome other constituent, distributed in

this manner because of ooring.

The electrolytic poli8hing solution used for uranium can probably

be used for polishing plutonium, since the sample, after a prolonged treat-

ment in thiB solution, is practically scratch-free (Fig. 10)

areas between the oxide chunks show unmistakable evidence of

eleotropoliBhed.

and the metal

having been
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=~m~lled end Annealed
Etohed electro-

lytically in phosphoric aoid
Solution.

2485-1-1 x 250

Fig. 5. Same m Fig. 3.
~about 2min. Continu-
ous phase etched d~rker.

2485-1+ x 500

Fig. 4. Same as Fig. ~0 but
shows dark etching patches
(oxide?).

24.05-1-9 x 250

‘pig. 6. ‘stimfae i?ig. j. Etched
-5 min. Continuous phawa
light. Center of former light
graincinow dark.
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Fig. ~. Same as Fig. 3. Etohed
=2 min. Shows dark continu-
ous phase.

W~-1-3 x 500

Fig. 6. Same as Fig. 3. Shows
~tohing (oxide?) patohe6 and
grain boundary constituent.

2485-1-2 x 500

Fig. 9. Same as Fig. 3. Shows fig. 10. same as Fig. 1. Shows
~patohes. ark etc%ing patches, possibly

oxide. Etohed for 25 min.

2485-1-11 .:; ~ . ~ ~0 2485-1-8 x 500
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