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DISCLAIMER 

This report was .prepared as an account of work sponsored 
by an agency of the United States Government. Neither 
the 'United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or 
implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States 
Government or any agency thereof. 
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in electronic image products. Images are 
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ImTRODUCTION 

A t  the request of the hmence Radiation hboratory, four plutonium strips 
0.050 inches thick, 0.50 inches i n  width and 6 inches i n  length have been examined 
by metallographic, chemical, X-ray, density and dilatometric mthods. The data 
obtained will help calibrate high energy electr ical  discharge equipment used t o  
rapidly heat plutonium. 

Mgure 1 i l lus t ra tes  har the strips were sectioned and sampled f o r  property 
debrmimtions. 
resin. 
vibratory polishers. 
of 20 p a r t s  tetraphosphoric acid, 30 p a r t s  water and 50 p a r t s  2-ethoxyethanol. 
A sample from each s t r i p  was analyzed spectrochemically. 
were dete-ed using a f lu id  displacement technique. 
were obtained using a conventional North American Phillips X-ray spectrometer with a 
Geiger Mueller tube attachment. 
quartz t a e  dilatometer with a L.V.D.T. transducer t o  indicate length changes. 
Hgure 2 shows how the strips were supported i n  the ver t ical  tube vacuum dilatometer. 

Metallography samples were mounted in catalyzed 5 l c o  polyester 
G r i n d i n g  and polishing was  done on silicon carbide papers and syntrm 

Electropolishing and electroetchiag was done i n  a solution 

The densities of the strips 
The X-ray diffraction patterns 

The expsnsion properties were determined using a 

DISCUSSION AND REsuIRfs 

Metallographic examination indicated that the strips had been cut from rolled sheet. 
The long a x i s  (len@h) of the s t r i p  was perpendicular t o  the rolling direction. 
Microcracks or voi and inclusions were evident in the microstructure, Figures 3> 

nitrides. !The small black elongated inclusions are the iron eutectic. The larger 
more equiaxed inclusions are nitrides. 
i n  Hgure 6. 

4, and 5. The inc !E usions were identified as being principally iron eutectic and 

A typical grain structure i s  i l lustrated 
Ihe s t r ip s  had an extremely small grain size. 

The s t e p s  were of m o d e r a t e  puri€y as indicated by the chemicsl analyses and 
density data, Table I. The principal contaminants being Fe, Cr,  N i  and C. 
X-rey diffraction patterns showed only alpha phase. 



me expsnsion properties were measured perpendicular to the rolling direction. 
ExpatlElion curves & two specimens from different strips are sham in Figure 7 and 
are essentially the same. 
over the 100 degree temperature range. 
expansion coefficient was Ob6er~ea. 

TBble I1 contains the average coefficients of expansion 
Essentially no effect af rolling upon 
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\ Rolling Direction 

M m  1 

SAM€!UNG PROCEDURE FOR PLU!I'Ol?IUM CAIWITOR DISCHARGE S " S  
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Microcrack or void i n  plutonium 
strip.  Rolling Direction f . 
Asdpolished. 150 X. 

Nitride inclusions i n  plutonium 
strips.  Photograph of area across 
width of s t r ip .  Electro-etched 
fo r  2 sec., bright f ie ld .  250X. 

Pu Fe eutectic and nitride inclusions 
(a% top of photo micrograph) in 
plutonium strips.  R o l l i n g  direction *. 
Electro-etched f o r  2 sec., bright f ie ld .  
250 x. 

FiizlIre 4 

Electro-polished plutonium strip. 
Blar ized illumination. 150 X. 
Grain size, approx. 0.007 mm. 

Figure 6 



z 1 
', I 

WLF: I 
SPECTRO-CHEMLCAL ANALYSIS A.IVP DElrlSITY DATA OF PLIJTOLSIUM STRIPS 

8-03-C-1344, 8 -01-C-1344, 8 -10-c-1344, a d  8-05-C-1344 

01 

Element e g/cc 
D e n s i t y  

Ag L1 19.49 
A 1  20 
Bi 0 

ca L5 
C r  .. 200 
Cu ' 5 0  
~e 620 
w 50 
Mo 1 
Mn 50 
Na 20 
N i  200 
Pb 10 
'si 20 
Sn 2 
C 53 5 

L = Zless than 

03 
Density . 

Element z' d c c  

Ag 20 19.46 . 
Al L5 
Bi 0 

ca L5 
C r  500 
cu 50 
Fe 490 
m 56 
hi0 1 
Mn 50 
Na 50 
M i  500 
Pb LO 
Si 20 
Sn 2 
C 305 

05 
Deqaity 

Element plznn d c c  

Ag 
Al 
Bi 
ca 
C r  
cu 
Fe 
Mg 
Mo 
Mn 
Ra 
N i  
Pb 
si 
Sn 
C 

- 
L5 

200 
50 

662 
10 

50 
20 
200 
20 
20 
2 

220 

0 

19.44 

WLE I1 

20 - 100°C 
AVERAE: COEFFZCIENTS OF'EXPA,t?BION OF FQJTONl3JM STRIPS .PROM 

!Temperature RanFt e OC 

20 - 30 

20 - 50 
20 - 60 
20 - 70 
20 - 80 
20 - go 
20 - 100 

20 - 40 

Cwff. of Ex;pan sion no-6 oc-1 

48 
48 
50 
5 1  
51 
52 
53 
52 

L5 
L5 

250 
50 

905 
25 

5 
25 
50 
500 

5 
50 
10 

420 

10 

Element p p ~ n  g/cc 
Density 

Ag 1.9 -49 
Al 
B i  
C a  
C r  
Cu 
Fe 

MO 
PllL 
Na 
Mi 
Pb 
si 
Sn 
C 

I 

m 
I 
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EXPANSION CURVE OF ALE3.A mfflOl'%KlM 
CAPACITOR DISCHARGE SIABS 
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0 Temp. c 

0 Slab 8-05-c-uU 
X Slab 8-O3-c-1344 
&O 1.249 
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