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DEVELOPMENTS IN THE-TEM EXAMINATION OF PU . .\NO PU ALLOYS 

T. G. l.. �co 'l11d 0. L. ROHR 

· L'.3 Sf'lEN'E ANO TECHNOLOOY DlVISIOO 

_os ,\:..J\Mci:c.; , , rc"NAL LABORATORY. LOS ALAMOS, M f.nr.:45 

ABSl ACl 

!"licros rue ural charac er-izat:ion o "plu onium u ilizing 
T:� n:-rnission Elec ron Microscopy (TEM), has previously been shown 

u b8 ifficult because of the extrene ox1c y and high 
a o plu onium metal. Recen developmen s in 

s.'"lmple prepara ion have shown that TEM foils of both 
lel a phases may be prepared wi hou he use o inert 

atn10Sp e·· c sys ems or complex prepara ion devic-=s. Using 
stand<J ·d . 18 • ropolishing tecmiques, · s mp)es may be produced 
w� ich yield mpor ·nt microstruc u al dat plu onium and 
p tu .:.1n 'LJ '"I loys. 

• •  i t of plu on i• .. un 111 :c'"'0"3�ruc ures by 
on Microscopy (TEM) I ::; net with only limited 

several decades[l-7]. The limi at·on f 
a tribvted o sever.3l ac ors. including 

metal s .... <ell a::. its high 

•11.; • � J _ the use many qu�tions concerning the 
111:crr::tructure and phase transformation behavior of plutonium 
rs'!n'lin 1inknown[ -10]. PlutoniLim is a complex me al (11), having 
si� �I lotrop·c r ns ormations over a 600C temperature range as 
well �s o her unusual characteristics, making it a. well suited_ 
m��erial for s udy by TEM. Previous TEM studies of plutonium have 
discerned some details of the true microstrµcture of this metal 
in he annealed[2,3] and mechanically deformed condition[l], 
t--a��ver, mos of these studies have been hindered by dif icult 
samole reparation. It ·s generally believed that the difficulty 
in or·cx3ucing TEM specimens of plutonium is directly related to 
the meal's high oxid tion potential. Sever 1 studies nave 
desiqnf'!ti prepar tion facilities incorpora ing complex inert 

mospher·e apparatL1s to reduce the po ential o surface oxidation 
o he plu onium oils[2,3]. While such a syst� helps preserve 

he me -llic nature of the TEM foils i also red1..1ces sample 
produc ion and preparatior1 flexibili y. These systems have met 



w i � 'le ··ucce:::s, 11 owing observation of yf;:?nf:!t 'd 1 
11tic1'0S rue lJr s in Pu and· electron d·iffraction analysis. 

The purpose o · thiS investigation was to establ "sh whether 
iner mospheric or other complex TEM ampl e prepara ion systems 
are prerc.-11isi P.S o h'=. examination plu onium metal nd alloys. 

E, PEk !M N til f'f;:<XCOURC 

t.J ·r·;" 1 �r-·· is s udy wris .-,b a ined from h0 f>1u cnil1rn 
Facility .:i os Alamos National Labora ory (L.:ANL). Bo h high 
puri y f)lu on ium and a plutonium-1. Sw/o g 1 1  ium alloy wer•e used, 

or he priinnry purpose of observing microstructures from several 
pha-es of p u onium, speci ically alpha and del a. Normally, the 
monoclinic .:ilpha phase allotrope is s able a room temperature, 
tio...Ever, addi ions o gallium can stablilze the del a phase to 
roan ernpera ur8[12J. The 1.Sw/o gallium alloy used was produced 

over· .! 0 yea 1·s go <md herefore a 1 so a 1 1  owed observa ion of long 
·erm s.-.1 -"' rr.=id i:i ion damage accumula ed in he plutonium 
in 1...-:ro-� ruc�ure. 

"!"! _ e><;Jerir'ien ... al apparatus included a commerci,1lly available 
TF� �1Pr.�rnoo1ishing uni placed in an open-fron ven ila ion 
hood a-- shc""'n i Figure 1, an� a specimen holder· with a r-nsfer 
deyice to safely ·ransport and introduce spec1me:1s into he 
al ec ,,:re n micr·o:.;ccnP. 

Tniti.:i, .::;.;imrle prepara ion 1:=quired cutt : . c; bulk samples 

in o h·i0 .: '  ·:> -� 1•hich were subsequen ly hinned by mechanical 
qr ind in -o d :..� �c,Jiess of 75 to 125 microns. T£M discs \.\'ere 
,:;nc ""r! • ' �, r: 1 t .:• • ' bu,� i'S .;ind re-=: i Jut:l l su r · .:-c:.::? o, · i de. was 
f._ .r, imnor . ; ... • • . .... . � � 1 surf. ce o;'idis> b r··�·moved 7� -�n the discs 
be"ore beginning 1-- elec opolishing procedure, due to 1..he s rong 
�dl-'erci.c. -.·icJ r.3p�rj 1r-;,w ho -ny resid•r:o:l oxi··'c a ler· omple·i g 

he e l- ·r'o .Jti.::11. fl1l g inding ope1a ions were done in a closed 
g lo·�-.:o ...... '< � . .;· : .. :_ n ::.o C.'"lsure 

Figure 1. Elec ropolishing unit or TEM disc preparation. 



con inement of plutonium dust created. The discs were tren 
transPorted in a sealed plastic contci.iner .to the electropolishing 

·apparatus ahd the twin-Jet elect"rqpolishing· procedure was begun. 
A de ailed discussion of standard jet pqlishing procedures 

will no be given here and is described elsewhere[13,14]. It 
should � poin ed 6ut tha no modifications were made to the 
elec ropol ishing apparatus used . "in this investigation. The 
elec ropolishing procedure was typically carr·ed ou by two 
individuals who worked as a team, .with one person working the 
elec opolisher inside the hood while the other person supplied" 
consumables in 0 he hood as was found necessary during.the 
procedure. This hel_ped to increase prpdLJctivi y as �·11 as reduce 

he risk of spreading contamination to areas outside the hood . 
All ma erials physically introduced into the hood were assumed 
contaminated with plutonium and �re disposed of as radioactive.· 
waste, including electrolytic and rinse solutions, absorbent 
paper ma erials. and all gloves. l:XJe to the high degree of 
contac with contaminated solutions, a double set of gloves were 
worn a all times while �crk1ng inside the hood . This ensured 
pro ec ion from leakage of the radioactive solutions to the 
hands. The greatest hazard of working inside he hood was from 

. sp.llage of the contaminated solution to outside areas �f the 
hood . Precau ions were therefore .taken to con ain such a spill, 
including lnr-:! _ �ng the clcctropol isl �r·: inside· a i:>iastic tray and 
cons ruction of splash guards to··. contain the solution inside the. 
hood in case of ·an accidental spill. The. gaurds W9re fabricated. 
from aluminum oil, allOYo1ing any shape to be formed, as well as 
offering gotx:! disposability· onc;:e contaminated with. 
e 1ectropo1 is� i ng so 1 u ion . . . 

· · · 

8o h ulpha and delta phases of plu o,ium �€re successfully 
hinned using �w, different elec rolytic solutions. A solutjon 

·ound -o �·.J0'1-, well on .h)gh purity alpha phase plutonium 
consis ed o 25% nitric . acid and 75% dimethylformamide. A 
::;olu ·ion usin ·!Jese componen s also works well for the 
p. e;.:x.m:ition o polished metallographic specimens of Pu[15]. 
Elec ropolishin cona1nons were 20 volts at -10C, producing a 
current of approximately 80 rnA. 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 o produce he maximum. thin region, but rather to a lower 
set ing which gave a number .of· small perforations in.the foil, 
and in most cases better ·"thin area.· The other solution ,tJsetj 
consisted of 530 ml g�acial acetic acid. 100 grams chromium 
trioxide, and 100 ml .aisti·l led. water. This. solution. was · f0Und to·· 
wor� better on -the 20 year old delta phase Pu-1.5w/oGa.�lloy used 
in this study. Electropolishing conditions which produced the 
optimum thin area.for thi� solutic, were 17-21 volts at 10-12C, 
producing a current of 150-200 rnA. A v�ry low jet speed was used 
to produce these conditions. 

Irrmedia ely after a sample was electropoH::>hed, it was 
rinsed several times in . methanol and then placed in a container 
filled with fresh ethanol. The ethan xygen and water 
exposu�e to the foil surface and. thereby ternporarilY. preserved 
the foil L;ntil . i't could ·be loaded into the microscope ·for 



e, rnination . Ethanol w s used a'"' a pres�rva ive prir rily because 
of i s high purity, leaving no film or residue upon dryi�g and 

herefore requiring no cleaning of he foils before inserti6n 
into he microscope . Care was taken to never allow the sample to 
dry fore i w s ready to be loaded into the microscope. 

Once he swnp 1 e had been tr· :ms f red o anq her hood 1 oca ted 
near he microscope, he specimen was taken ·6ut of the 
e hanol-f illed con iner and llowed to dry. While drying, the 
specimen was loaded into a special micr6scope specimen holder 
whi h allowed -he specimen o be re ·racted inside the .holder 

r 1 din . This Yo<? of spt?Cimen holder is comnercially 
dnd was purchased rom <.-.a . n. rnc . . Retracting the 

in o he holder enclosed the speci� thereby minimizing 
po en ial spread o con min ion o areas outside the 

ven ila ·on hoods, as well as decreasing the possibility of 
con amina ion to he microscope gon"ometer and objective lens 
regions. An dditional measure was taken to ensure containment of 

11 Pu, and involved the use of a tr nsfer device which cradled 
he specimen holder and enclosed he end o he ho1der where he 

so was located (Figure 2). This ransfer device was used 
when ·r nsporting he specimen holder o and from he microscope . 

A J .OL 2008 tr�.ansmission electron microscope · (TEM) and a JEOL 
2000 .. J sc nning ransmission "elec ron microscope (STEM) were used 
-r. ::.��mi�e -h:: p1:...; ... o.1iuii1 fu i ls. i-Jei her m ·croscope was al t;ered in 
ny ay o faci.litate he observation o plutonium . Tht;? STEM was 

con··gured wi h a  Tracor Northern x-ray microanalysis system and 
all foils were E" mined .::i n a c�lerat.ing vol age of 200kV. 

RESULTS AND DISCUSSIOO 

Figure 2. Transfer 
dev·ice for transporting 

E • soecirren wand wi h 
Pu specimen to and from 
the electron microscope . 

Using the conditions described bove, preparation of· 
plutonium foils with viewable hin regions was found to be quite 
reprod cible. wi h one out of wo foil� typically having thin 
region�. Sur ace oxide was always present on the foils but did 
not in erfere wi h general examina ion of he microstructures, or 
diffraction data from electron ranparent areas . Typical regions 
of the delta phase materiql were found to h_ave a high density of 



0 

lJund coo ours, probably frorn he weigh and subsequen stress of 
the spec · men  in he thin regions. Figure 3 sho\...ls the accurrulated 
radiation damage (voids) found distriquted · . throughout: the 
specimen. I is suspected the radiation damage occurs primarily 
from a.lpha decay. Observations of alpha phase plutonium revealed 
an interes ing microstructure with irregular grain bour1daries and 
possible twin ormation (Figure 4)". · 

Figure �- Micr95 ructure of 
21 year old delta �u. 

CONCLusrrns 

Figure 4. Microstructu�e of 
as-cast a o 1 phase 

Reproducible sample prepara ion •-i. ;:>luton ·um for 
characteriza· ion using tr nsmiss.ion elect.:·.•• n icr·oscopy f-Bs been 
successfully achieved under norma·l dtrnosphcric conditions, 
wi hou he use o elabora e · , .t0•• =-

This a 1 lows higher .3pecimen produc ion, m ·nimi"" ing the tedious 
opera ion o typical glove bo· configurations, and also decirease5 
the cos s associated with such an opera L ion . Oxidation problems 
normally associated with plutonium metal were eliminated by 
keeping 'all prepared TEM · foils -in essentially nonreactive · · 

solution envfronments. These· included fresh ethanol and methanol 
�hich are cJ.ean af!d contain. law quantities of oxygen and wat�r. 

. Several electro·lyes were· found to Polish plutonium although 
different. soluti0ns Worked better for. different phases. Further 
experiments w.ill be performed in an attempt to estabiish � single 
electolyte which polishes rrultiple phase material. 
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