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ELECTRON MICROSCOPY Or ALPHA-PLUTONIUM

K. P. Staudhammer, K. A. Johnson, M. Stevens and W. J. Medina
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Los Alamos, NM 87545

During the past several decades metallurgists world-wide have sought for a
reliable and reasoriable method to characterize plutonium arid its alloys via
transmission electron microscopy. Metallurgically, plutonium (Pu)
represents one of the most fascinating metals; it has six solid phtisesand
contracts when melted.

A Ilumber of workers over the years have tried to produce thin foils of
plutonium, but the foils wer~ later shown to have been completely cc,lverted
to oxide.1~2 The primary prcblem has been in the preparation of electron
transparent thin foils of a material having one of the highest atomic
numbers that is highly oxidation prone, in addirion to being radioactive.
Advances in Pu metallography in the late 70’s and early 80’s produced a new
series of electro-chemical thinning solutions modified for plutonium?-5
The b (FCC) phase was first prepared using the techniques emplcyed for this
work and has been reported previously} This investigation has focused on
the higher density, lower symmetry structure (monoclinic) CIphas~ and is
part of a larg~r study on plutonium and its alloys, and is the first
reported TEM success with the alpha phase of Pu. Optical microscopy of the
alpha phase has been very frustrating for years with many work~rs in the
field speculating on the nature of the transformation to alpha frorrlthe
higher temperature phases. Support for these theori~s has bcwn ri~layed
pendin? confirmation by TEM. The alpha crystal structure det~rmined b,y
Zacharl~sen and Ellinger7*” from x-ray powder patterns in 1957 has not b(’en
confirmed by any single crystal diffraction work, to dat~. We have
obtai(led for the first tim~ TEM and SAD of th~ individual a phase
crystallite of Pu. These ar~ shown in Fiqs. 1 and ?. Computer aid~d
electron diffraction analysis” identified ~he SAD of Fiq. 2 to be [0101 find
is shown illFig. 3. Comparisons with th[’calcuiat.~d l)~tiern cl~arly
sllbstanti~tes the Z~chariasen-f.lling~r monoclinic structurp and l,lt~ic~
param~tcr to within th~ accuracy of the TEM t(’chniquc, All t,ht’TF’ s~m~llcs
~t)s(,rvpd hdvp traces of PuCl;J(FCC) on th~ surfacps,. This is [’vid~’ntirt
Fig. 4 showing both the [001] n-Pu and th[’FC~ t’uO.. Thr:,{ oridv l,]v(r~
apll[’art.oqrow with a prel~’rr~d or Ppitaxial orientation.

Thr prel~,lr,~tion,~nvironmnt, tllirlninqsolution~ dl]d t,r’dr~ferrrw(h(lrlism:
ustId irlttli~inv[’st.igiltiorl~rt’ reportvd {’lsewherr.”
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rlq 1,--Graltlboundaries:;III m-Pu,llar v d,751m~.
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