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The pre~ration of plutonium and

for mctallographic study WAS investigated.

the mechanics of mounting the speoimens in

plutonium-alloy speoimens

Descriptions are given of

@astio, of grk;ling,of

polishing (both meohanioal and electrolytic),and of etohing, A table

of data for eleotrolytio polishing of the spooimens is inoluded.

Miorostruotures are desoribed, and miorophotographs given, for the following

speoimens~ plutonium; one-atomic-peroent.galliumplutonium alloyj t~ee=

atomic-psrcent.galliunplutonium alloyj ninety-atomiooperoent.uranium

plutonium alloyfiand ninety.five+tomio.peroent=uranium plutonium alloy.
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A-NDPLUTONIUM ALLOYS
lINCLASS\

Introduction

In the preparation o’? plutonium and its alloys for metallo-.

graphio e~ami~tionJ certain “difficultiesare encountered that necessitate

a ohange in the prooedure customarily followed in the handling of oommon

mtals? Plutonium speoimen$ are usually mall in SiZ8V reW~r@3 ~

special mounting technique to facilitate grinding and polishin~ the metal

is attacked by water and oertain oils$ and to such a degree by short

exposures, that the uwtallographio suri’aoeis ruined; and the radio-.

aotive nature of plutonium presents a serious health problems whioh adds

considerably to the preparation difficulties~

Speoimen Mounti~

The usual plastics used for mounting metallographio speaimens~
. .

e.g. bakelite~ hoite~ Tenite, eto,~ are not satisfactory for mounting

speoimens of plutonium beoause of the heat and pressure required for

molding. Pure plutonlum suffers phase ohanges at low tempsratureao

and the temperatures and pressures neoessary for ordinary plastio mounting

may radiaally ohan~e the original struoturo of tho speoimen.

Suitable room-temperature-castingplastics oan be used for mount.

ing purposes, and these materials after setting provide a sufficiently

hard and desirable mount for the purpose intended. A commercial produot~

kno~ a6 (JatabondNo. 7(x),to whioh is added about 25#vby vo~ume of

Catabond accelerator No. 5 just before casting, has been found to be

,

%For previous reports on metallography of plutonium, see LA-70 and
JJL.79,and ohs:.terIX of The Chemistr~, Purification, and Metallurgy of

Plutonium (C..A.Thomas and ~%~s:flaynerv~aeaf~er~ 19*.]
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satis?actory, except for shrinka&3 ..%YInk&a+&~e praotioally elimin-

ated by the addition of a small ~;nwsab Ql ~~id~r~d kkelite adaod to ihe

A methyl methaorylate oasthg plasti~has proven to be a more
1

satisfactorymounting material than Catabond NoO 7000 A harder mount is

obtained and, when properly cast, shrinkage of the mold during hardening

is ~actioally nil. The naterial is partially polymerized to about the

visoosity of oonoentrated sulphua%c aoid and remains in this conditton for
4

approximately 30 days if stored at a temperature of about 150C. Whens

howaver, the liquid

nerization reaction

aoid resisting mass

prooess at ordinary

light.f

plastio is raised to ordinary te~eratureso the poly~

will go to conpletion~ forming a hard, durableg and

similar to thermo-setting laxoite. The polymerization

temperature oau be greatly aooelerated by ultra violo%

\

The meohanios of mounting a plutonium spcmimen in the plastios

desoribed above are as folhwsg

2.

*Preparation

Because polishing and etching is generally oarried out

eleotrolytioally,a platintunwire is attaohed to the

speoimen to provide eleotrioal oontaot through the top

of the mount.

‘Me wired speoimen is plaoed on a very slightly greased

glass plate with the platinum wire pointing upward. A

section of mioarta tubing (approximately 1“ longs 1“ o~atside

diameter, and 1/16” wall thiokness) is plaoed on the plate

and around the ~peoimen.
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Plasteoen? is
.

ring edge and

Wiping from

3. Enough

form a

to 6et

liquid
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the glass plate to prevent

within the nold.

of the micarta

the pla~tio from

pla..tic is east into the mioarta ring to

layer l/4tito 7./8”thioli. The m~terial is allowed

undisttarbodfor about 16 minutes to -ble air bubLles

*O be exvelled, dfter %nioh outipletepolymerization is hastened

byheans of?ultra violet radiation (usually3 to 4 hours).w
.

4. Layer castingas described in item 3 is continued until the

mold is oomplete3y filled.

14etalloGraphio(3rindi~:

Ihoause of’the health hazard associated in the handling Of plutonium,

it is essential that manual grinding of suoh speciutensbe aarri.edout ina

suitable dry box, and that the technician be fully proteoted from conta]t”nation

by appropriate olothing and respirators.

The teohnique of grinding plutonium is essentially the same as

applied %0 oommon metale tindalloys. Four grades of emery paper of de-

creasing grit Isizeare used (Behr-Manning or equivalent) - speoifioally

Nos. 1, 1/0,

Kerosene has

2/9and3/% - each lubricated Ath a small amount of kerosene.

baen selected as an appropriate Iubrioant after tryin& a number
. . .,

of others~ e.g. aloohols~ oastor oils eto., all of whioh were found to be

3.nferiorfor this purposa.

Beoause appropriately graded dicunonddust is generally superior ‘to

emery for :rindin~ metallographio specimens, diamond-dust grinding was tried

wThe uouroe of ultra vio~et radiation should be plaoed far enou~h from
the mold so that the heat does qojt#u$e ~b$ff~w:of! the Liquid plastic
resulting in porosity of’the hard&@ @n#. :0 : :
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on plutonium.

workod equally

convenience in
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After repeated trials, it was oonoludod that

as well as diamond dusL, and better from the

executing the grinding operation.

emery abrasive

standpoint of

Metallographing Polishing . ldeohaniualTechniques

Mechaniosl polishing ol plutonium and its alloys has never proved
6

very successful in contrast to eleoiz’dytic polishing. Beoause of the

health hazard involved, as in grinding, ntoohanioalpolishi~ must be

oarried out in a dry box to prevent contamination. Regardless of the

oare exeraised in polishing eogo light pressures, a slowly rotating lap, handD

polishing, eto., there is inevitably formed a smeared surfaae layer or stain

thak is not removed during etohing. This false tiurfaoeoondition, an extremo

e xample of’whioh

only to co;fu8ion

Various

Xiracloth,

differenao

this false

is shown in Fig. 1, prevcmts uniform etohing and adds

in interpreting structures.

types of polishing cloths have b88n tried, e.g. Buehler

Buehler Botany cloth, silks and billiard oloth, with some

in performance, but none eutirely preventing the formation of

surfaoeo In addition, and in oonjunotion with these polishing

olothss different polishing media have been used - Baker~a tin oxides MerokQa

Imavy magnesia, Wo1ff8e Rite Tonerde M08. 1 and 2, levi,gatedalumina having

an uncontrolled and a controlled pl!of 7.2, all suspended

vehicles such as aloohols and 05.lsSand mixtures of these

in produoing Q satisfactorymetallographio surfaoe varied

in different

two. The results

oonsider~bly

but none were to be considered exaellent.

Eetallographio%lishing - Eleotrolytio Techniques

Eleatrolytio ~lishiQnge~#OmLe&Oll~?p~ic speoimens is ideally
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8uited for produai~ 8urfaces free from oold work and in the aase of

plutonium, free from tho false suri%oe (Fig.1), although inclusions are gen-

erally removed in this prcmess, and the surfaae is somewhat undulatsid~Whichn

however, is not objectionable even at low magnifications. The most satis-

factory results in the polishing of’plutonium and its alloys have been obtained

by eleotrolytio methods, although the kind and oonaentration of the

electrolyte is determined by the com~.ositionof the plutonium alloy. Cone

ventional ebotrolytio polishing uell arrangements have been found to be

satisfactory,with a souroe of direot ourrent being supplied by either a
\

reotifier or a direct-current generator

For any eleotrolytio polishing solution, the proper ourrent for

suooessful polishing is in that range of ourrenta whero a ahange in

applied volta~e does not change the current. This ‘plateaun of a ourrent-

.
voltage ouzrveis found by experimentation,and for the most part the

ourrent densities shown in Table Z were so determined

The elcwtrolytio polishing data given in Table 1 were derived ex.

perimentally. It should be noted that the composition of the eleetrolyte$

and the conditions of the proaedure
..

oontont of the plutonium speoiineno

E!2!!XEg

differ depending upon the kind and alloy

In general~ the etohing of plutoniumsmd its alloys is a rather

diffioult prooedure and to date no satisfactory roagant &s been found that

will etoh suocosafullyby immersion or by swabbing teohniquess Our experience

indioates that satisfactory etohing can be obtained by eldptrolytio methodsO

using the same electrolyte as is appro~r5~$OeO~grOCpolisMng~!but at a lower
● ● **

● ● 0:::
ourrent density. ‘he ‘co* our;~~t.~~e~>mi$~.~<~$$$lerequir;d for e%ohing,

when udng the reagents given i~.7~@a.Y.:?& ~.#&+ult to reaommend und is
● 00::

● **
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Interpretation of tdicrostruotures~

Plutonium

The microstructure of east, nominally pure, plutonium at four

different magnifications is shown in Fig. 29 The photomiorographs suggest

tho prtxmnoe of two or parhaps three metallic phases . henoe a lack of

equilibrium - and a rather
. .

olearly shown in FigO 2A.

oertainty, alt;ioughit has

nonuniform distribution of these phases, as is so

The density of this speoimen is not known with

been reported as being of intermediate density.

‘l!heaoicular phase is certainly different from the matrix, since after re.

peated electrolytic polis~ings, it always remained in relief. The gray .

and white-otohing areas

were always revealed in

men had been repeatedly

staining effeotso They

constituting the matrix, distinctly shown in Figo 2C,

the same distribution and pattern after the speoi-

repolished and etched, and henoe are definitely not

may be either two phases, or differently orientated

grains of one phase. The aoioukr phase (alpha~).seems tn form or grow in

an identioal manner, save for directions in botho

One Atonio Peroent Gallium.Plutonium Alloy

The structure 01’this alloy, after homogenizing the %s east”.

struoture by annealing at 450°C for 16 hours, is rather difikult to interpret.

The photomiorographs shown in Fig. 3 suggest the presenoe. of two metallio t

phases and a minor intermetallio or non.mdallio constituent

Three Atomic Peraent Gallium-PlutoniumAlloy

The ‘as oestf$struature of this alloy at four
. .

shown in Figo 40 The structure is typical of ‘as east’~

.
e,,g.alpha bra8s and shows in this.wsso a:r~%h~.marked9-0:

● * ● ::● ● :0 ● :* . .
ooringg ●.*●:0 .*. .:. .** b.

magnifioa%ions is

solid 8olution alloys

tendency twoards
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equi-axed grainsS as shown in Fig. 5~ and eliminates, a8 would be expeoted~

the original ‘aa oastw struoture.

The l!uiellarstruoture, most olearly shown in Fig. 5 D, is probably

not l’eal~but is the result of eleotrolytio polishi~ and ettiing,with tetra

phosphoric aoid. Depending upon the timo of etohing with this reagent either

a few or all of the grains exhibit this lamellar condition. In part, this

apparent strudxlre may be attributed to grain orientation of the plane-of

sectioning with respect to the attack of this particular etohant. This

oirounxhanoe is in part supported by the observation that when etohing the

alloy in the ‘*as~ast!ioondition with tetra phosphoric aoid$ a faint lamellar

pattern is observed in the matrix. However, no evidence of this struoture

is apparent when ortho phosphoric aoid is used as the etohant. Beoause the

homogenized speoimen of this alloy (Fig. 5) aould not be satisfactorily etched

with ortho phosphoric aoid or other reagents, definitw oonohlsions a6 to the

,
validity of the above reasoning oannot be madeo

Ninety Atomio Peroent Uranium-PlutoniumAlloy

The amealed struoture of tii8 alloy (500°C for 4 hours) shown

in Fig. 6, sug~ewts the existenoe of’two phases, one as a matrix, the other

as a <rain boundary phaseo It is probabk that the grain boundary phase is

ihtermetallio in nature. Alloys contxinhg 7S and 80 atomio poroent Ursmium

respectively completely ~rumble into powior when handled, ~fter some ageing

(?atmospherio oorrosion) at room texngmraturm.

Ninety-Five Atomio ?eroent Uranium-PlutoniumAlloy

Tho behavior ofihik alloy during eleotrolytio polishing andetohing

i8 similar +0 that of uranium. .’l~o~~~eal~~%r~%$ment (5W°C f(<.r4 hours)
● eo:oa . .8*:* ● *

produoed an equi-axed grain strdo%u%~s”~fid:ds:~~tiin F3.gO???Sthe amount og

grain-boundary constituent is, & ~~;~~e~~e$~”l~{~~~fis~observed in the 90$
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Fig. 2. Photomicrographsof nominally pure plutonium, remelted in Vgo crucibles
afier reduction and then east. E%ohant: electrolytically in Woo E3P04(8#0)9
9000 H@, 500CC*~OHo
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Fig. & Photomiorographsof 3~- gallium alloy of plutonium as east. EtohE
electrolyticallyin 6 parts fi3P04‘%%e.% paw :~,~ - q part8 C2H&~ O

●0:
● : b ●:

● ● ●0 ●oee
● : ● *
000:0:00009 :00 ● 0

be ● 0, ● ● ** ● ●

● 00 ● *O ● ● ●**
● ob ● ● ● ** ●

● ***b ● ● *O.
● *9***. ● *O
● * ● 0= ● 99*



●9. ●e. ● *9
: ●°0 ● .O:

● ● e ●9*.:0: ● *O:009 :0:
●

● 0.
● me *em ● ** ● *

● ☛ ●☛✚ 9**... ●.. ..
● m ● m
999* : .:. .
● 00
9** : : ::.

● * ●00 ●.0 ● ●O* ●

.

● 0 ●.: ●:. ● .:.
● .“*:: ● ● ec00:0a:9 ●

● 0 ●9* ●*O ●.* .**..~-~=1:.: :;.::..:.::..;
● ● *m ● ● ● ae

.0 i ● 0009::..:. --



uA“”
liL-

t. . ‘-2/I ● 7

“b .

‘“-““*
—

.6
—

––-

‘*---- ‘:
-* –.... -- --‘+i@ik_&~—-— —-, ..

c* 5(X3)K
No. 4977.9

F. ---- --iii- - ~ : ‘--—” -—. ~“

.:

Fig. & Photomiorographs of
~eotrolytioal]y in 6 parts

● ☛ ●9* ●** ●00 ● 00 ● 0

● ☛ ● *e b ●**O**
● @@ :00 ● 000

● *O ● ● 00
. . .. aam .*



S*
●

●

:0
●

●

✚✚

● 00
9*
00

:
●

✚
● 9*

●°0
*

● :
●

● 00

●:

:
● *9

● ☛

✚✚

✚✚
● ☛

.0: ●0: .:. . . . ... •~

● * ●
● e

::
●: *

e. :
: : : :0

● 0 0,, ● .* ● ●:0 ●

●

—

● ☛ ● ☛✠ ● ☛☛ ● ● ☛☛
90. . ●.0:: .● 00:0

.
●;;0be ● ● ●

●* ●0: ●00 ●** ●:. ● 0

—. —. —F. .-
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3. 250x
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I Fig. 5. Photomiorographa of z~o”g~ll~u~,alfo~.of~~utoniu cast and annealed at
5500~ for 19 hrs. Ltohant: elokx4;ytSwA~y$k Si%arts tetra phosphoric aoid,
l(j’pwts ~o.
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Fig. 5. Photomiorographsof 3~:gE$l~UnI &&y ~$ plutonium cast and annealed
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Fig. 7. Photomicrographs of 9?#.uranium 5~~plutonium alloy oas% and annealed
~C for 4hr8. Etohant: c#c#~o~@i~l ~~ Z%ml. tetra phosphoric aoid
85ml I-@o. # : .0
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