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Plulunium Metallography at Los Alamos 

R,A. Pereyra and D. Lovato 

MST-16. Los Alamos National Laboratory. P.O. Box 1663. Los Alamos, New Mexico. 87545 

From ",arly days of the ManhaMn program 10 today. seientists and engineers have conlinued 10 

inveSligate the metallurgical properties of plutonium (Pu). Although issues like aging was IIOt a 
~oncem to the early piooeers. loday the ",liability of our aging slockpile is of major iOcus. And as 
the country moves toward a new generation ofwupons similar problems Ihat tile early pioneers 
faced such as compat ibility, homogel)eity and malleabilily have ,orne 10 the forefront. And 
metallolY"aphy will cont inue to be a principle tool for the resolution of old and n~w i~sues. 

Standard metallographic lechniques a", used for the preparation of plutonium samples. The samples 
are lirsl cot wilh a slow speed diamond saw. After mounting in Epon 815 epo~y resin, Ille samples 
are ground Ihrough 600 grit silicon urbide paper. PF 5070 (a Freon substitute) is used as a cool anI. 
lubricant. and solvent for mOSI operations. Rough mechanical polisl>ed is done with 9·11 diamond 
using a nap less cloth, fo. cxample nylon or COllOn. Final polish ;s done witll ' -)I diamond on a 
nappy clolh suc h as sylvet. Ethyl alcohol iSlhen use ultrasonically to clean the samples before 
eleclro polishing. The sample is then electro-polished and etched in an ekelrolyte containing 10% 
niITic acid, and 90% dimethyleneformalmido:. Ethyl alcohol is u$l.."d as a final cleaning agent. 

Although standard m~tallographic preparntion tochni'lUCS arc used. there an: several reasons wby 
metallography of t>u is difficult and challenging. Firslly, because of the health hazards associaled 
.... ·i th ils radioactive properties, !>IImple preparation is condUCled in glove boxes, Fillure I shows the 
metallography linc, in an R&D facility. Since Ihey arc designcd to be ncgative in pressure to lhe 
laboratory. cross-contamination of abrasives is a major problem. I n addition, IxcalL'i(." of o;,a fety 
concems and waste issues. lhe", is a limitlo the amount of solvent tllal un be used. 

Secondly, I"u wi II ",adi Iy hydride or oxid i7.e when in contact with metallogrnphic polishing 
lubricants, solvents, or chemiuis. And water ~ing one of the mOSt reactive solutions, is not used in 
the prepamtioo. Figure 2 shows an example ofa plutonium sample in which an oxide film has 
formed on the $urfac:e due to overexposure to solutions. It has been nOl~-d that nucleation of the 
hydrideJoxide begins around inclusions and samples with a higher concentration of impurities scem 
to be more susceptible 10 this reaction. Figure J shows examples of small oxide rings. forming 
around inclUSions. 

Lastly. during the cuning, grinding, or polishing process there is enough slress indOC<."d in the .ample 
that Ihe surface un Iransform from Ille ';Oft face-centered--cubic delta phase (30H V) to the strain. 
indoc.:d monoclinic alpha' phase (3001 IV). Figure 4 and 5 shows cross-sectional views of sam pie, in 
which one was cut using a diamond saw and the other was process through 600 grit. The white 
layers on the edges is the strain induced alpha' phase , The "Y" shape indentalion in Figure 5 was 
cause.:! by 8 coarser abrasive which resu lted in transfonnations to a depth of approximalely 20 I-un. 
Another example of the transformation sensitivity of plutonium can be seen in Figure 6, in which the 
delta phase has partly transformed to alpha' during micro hardness indenlation. 
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