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METALLOGRAPHIC PREPARATION OF PLUTONIUD'I 

A .  L. RAFALSKI 

ABSTRACT 

Procedures a r e  given for e l e c t r o p o l i s h i x  and e lec t roe tch ing  pure 

plutonium 2nd d e l t a  phase s t a b i l i z e d  plutonium a l l o y s .  The 

e l e c t r o l y t e s  used i n  t h i s  inves t iga t lon  a r e  based on ort'no- 

piiospnoric ac id .  Photomicrographs are included which a re  repre- 

s e n t a t i v e  of r e s u l t s  obtainable using the techniques described. 

INTXODUCTION 

Unt i l  r ecen t ly  a t  Rockc F l a t s  t he  procedure for preparing plutonium 

specimens for metallographic examination had been t o  use tine 

e l e c t r o l y t i c  swab techniques described by Greeson, e t .  a l . '  

swab method, unfortunately,  was r'ounb t o  be unsa t i s f ac to ry  because 

of the d i f f i c u i t y  i n  cons i s t en t ly  groducing accep'table r e s u l t s .  Tne 

purposc or' t'n2.s study, t he re fom,  was t o  develop a more r e l i a b l e  

method f a r  ?eveal ins  plutoniun microstructures.  T n i s  rep0i-t Ces- 

c r ibcs  an e l e c t r o l y t i c  apparatus and polish-etch conditions vinicn 

were used t o  rou t ine ly  prociuce metaliogyaphic r e s u l t s  of the  h ighes t  

qua l i t y .  The mater ia l s  s tud ied  were alpha phase plutonium and 

d e l t a - s t a b i l i z e d  Pu-1 w/o Ga a l loys .  

The 

Tne experimental apparatus  used for t h i s  work consis ted of two 

co;;unercial units, 1) the  e l e c t r o l y t i c  c e l l  of  the  Strue?s* Disa-pol 

*St-r.uers Sc ien t iTic  Instruments, Copennqen, Denmark 
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e lec t ropo l i sne r  and 2 )  a Buehlerx-* d i r e c t  curTent power supply. 

The most  ixportan-l component or' the  apparatus  i s  t'ne pol ishing 

c e l l ,  tine 2e r t inen t  f e a t u r e s  of which are shovn i n  the schematic 

di*a:.Jing i n  P isure  1. 

i s  the anode i s  clainped t o  the  top of a mask ( b )  over an  o r i f i c e  

which has a s p c c i f i c  a rea .  A s t a i n l e s s  s t e e l  cathode ( c )  loca ted  

beneath t h e  specimen i s  f ixed ,  the-efore, a constant  anode-cathode 

dis tance i s  always m i n t a i n e d .  The e iec tFo ly te  (d )  i.a'nici? i s  con- 

The sample t a  be polished ( a  i n  Figure 1) tririch 

ta ined  i n  a g l a s s  bowl is prcjecteci uppiard onto tne surface of t'ne 

sample by the a c t i o n  of the  pump ( e ) .  

t he  e l e c t r o l y t e  i s  constant ly  being reciTculated.  The r e c i r c u l a t i o n  

system i s  one or' tine most des i r ab le  f e a t u r e s  of t'ne Disa-pol because 

not  only i s  tine sample always exposed t o  f r e s h  e l e c t r o l y t e  bilt a l s o  

yeaction products are f l c s h e d  away and the sanpie surface cooled 

sornevinat by t h e  floita or' the  e l e c t r o l y t e .  

Hence, during pol ishing,  

E: W S R  INS NTA L PRO CZDUIX 

P r io r  t o  e l e c t r o l y t i c  p x p a r a t i o n ,  specixens were mounted i n  a coid- 

s e t t i n g  r e s i n  'know2 as  Koidnsux?t.?:+:* 

con-e l ec t r i ca l  conductor, a co2per c l i p  was a t tacked  t o  the  sarapie 

t o  provide e l e c t r i c a l  cont inui ty .  The mountea sans l e s  were mechanl- 

c a l i y  polished by 1) sanding on 180, 320, 400 and 600 p i t  Sic papers,  

2 )  rough lapping wit'n 6Pm diamond paste  on m t c i o t n  and 3) f i n a l  

pol ishing w i t n  1pni diamond ab-asive on nylon c lo th .  

chlor ide vas the lub r i can t  used i n  a i l  tine mechanical greparat ion 

s t eps .  

Since t h i s  mater ia l  i s  a 

CeFbon t e t r a -  

,I 

' I  

'k-2E3uehler L t d . ,  2120 Grserdood St. , Xvanston, I l l i n o i s  

o-~~Vernon-5enshoff Co., 413 N. Pea r i  St., Albany, New York 
2 
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ae fo re  e lec t ropol i sh ing  the  desired vol tage was selected on the  

power supply and the proper e l e c t r o l y t e  placed i n  the polishing 

u n i t .  The e l e c t r o l y t e  used for al2h.a plutonium contained 8 9arts 

pnosphoric ac id ,  5 parts g lyce ro l  and 5 p a r t s  a lcohol .  F o r  t he  

d e l t a  phase a l l o y s  a solution made up of 2 parts phosphoric a c i d ,  

1 p a r t  g lyce ro l  and 1 p a r t  2-ethoxyethanol was used. These are 
I e s s e n t i a l l y  the same mixtures described by Greeson, e t .  a l .  

Zl?cti*opoiishing commenced when the pump was ac t iva t ed .  After a 

predc temined  time i n t e r v a l  p o l i s n i n s  was completed and the  spzci-  

7.0 ~ n s  were etched by simply decreasing the voltage t o  tne proper 

s e t t i n g .  No handlin;: of  t h e  specimens wzs required a t  any t i m e  

dur ins  e lec t ropol i sh ing  or electroetching.  Etched samples were 
-4 ,:,?sed -# . with alcohol  and dr ied  by an a i r  b l a s t .  

XZWLTS AND DISCUSSION 

m.P i-*e . garameters f o r  pol ishing and e t c n i q  the mater ia l s  s tud ied  z e  

Siven  i n  Table I. A l l  procedures were ca r r i ed  out  a t  rooin temper- 

ature. 

Polishing vol tages  were determine6 From curves r e l a t i n g  c e l l  resis- 

tance t o  c e l l  vol tace.  

corresponds t o  the maxiniun c e i l  res i s tance  i s  the optimum pol ishing 

v o l t a g e .  Tine t i m e  periods l i s t e d  i n  Table I cor-lespond t o  the  

axount of p o l i s h i n g  necessary t o  completely dissolve the worked 

surface layer produced during mecnanical polishing. 

According t o  Tegart2 the  voltage which 

3 



Vol tages  used f o r  e t cn ing  were determinec? by t r i a l  and e r r o r .  

Since e tch ing  c h a r a c t e r i s t i c s  v a r y  s l i g h t l y  from sample t o  sample, 

t n e  times l i s t ed :  are aveyage va lues .  

F i g u r e s  2 tirough 5 are examples of m i c r o s t r u c t u r e s  comaonly en- 

countered a t  Rocky F l a t s .  F igu re  2 is  a micrograph showing t'ne 

g m i n  s t r u c t u r e  of alpha plutonium. 

high p u r i t y  and r e c r y s t a l l i z e d  nominal puri ty  Pu-1 VJ/O G a  a l l o y s  

a r e  exhibi ted i n  F igu res  3 and 4, r e s p e c t i v e l y .  

a ?u-1 w/o Ga alloy i n  t'ne coyed condi t ion .  

n o t  r e t a i n e d  i n  e tcned  s?ecimens, the a r t i f a c t s  usually seen  i n  

micrographs of plutonium a r e  no tab ly  absent .  

Grain s t r u c t u r e s  of homogenized 

F igu re  5 i l l u s t r a t e s  

Altnough i n c l u s i o n s  are 

CONCLUSIONS 

it has been shown t h a t  by us ing  the techniques desc r ibed  hign 

q u a l i t y  results can be obta ined  on both  alpha and de l ta  plutoniu-n. 

Due t o  the z u t o m t i c  nature of t h e  equipnent  and e f f i c i e n c y  of t n e  

meta l lographic  ope ra t ions  "has been great ly  increased .  

A CKXOl~~L)G~~EI\TT 

The aut'nor would like t o  thank D. V. F e r r e r a  f o r  h i s  a i d  i n  pre- 

paring the specimens used Tor t h i s  Tesezrcn. The work r e p o r t e d  

he re  was performed under AEC c o n t r a c t  AT( 29-1) -1106. 
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Figure I - Schematic drawing of the Electrolytic Cel I. 
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TABU I 

Pu 
Phase 

A lpha 

De I ta  

Delta 

Delta 

Delta 

Delta 

CONDITIONS FOR POLISHING A N D  ETCHING 
ALPHA A N D  DEUTA PLUTONIUI4 

Electrolyte  

a-5-5* 

8-5-5 
2-1 -l** 

2-1-1 

2-1-1 

2-1-1 

2-1-1 

Micro- T i m e  
s t ruc ture  Volts min. 

grain 9 4 
s t ruc ture  
inclusions 9 2 

inclusions 9 2 

worked 9 4 

cored 9 4 

recrys ta l -  9 4 

homogenized 20 2 

s t ruc ture  

s t ruc ture  

l i z e d  gra in  
s t ruc ture  

gra in  
s t ruc ture  

Etoh  
T i m e  

Volts min. 

2 4 
-- 

4 4 

4 4 

2 4 

9 4 
2 4 

*8 parbs phosphoric acid,  4 parts glycerol, 4 parts alcohol 
+*2 parts phosphoric, 1 part glycerol,  1 p a r t  2-ethoxyethanol 

c 
7 

I l l u n l n a t  ion 

P o l a r  i z  e d 

Bright f i e l d  

B r i g h t  f i e l d  

B r i g h t  f i e l d  

Br igh t  f i e l d  

B r i g h t  f i e l d  

Po la  r i z e a 
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Figure 2. Grain Structure of Alpha Plutonium 
Polarized Illumination X250 

! 

Figure 3. Grain Structure of Homogenized High 

Polarized Illumination X250 
Purity Delta-Stabilized Pu-1 w/o Ga Alloy. 
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Figure 4. 
Delta-Stabilized Pu-1 w/o Ga Alloy in the 

Bright Field X250 

Grain Structure of Normal Purity 

Rec rys ta 1 1 i zed Condition. 

Figure 5. As Cast Delta-Stabilized 
Pu-1 w/o Ga A l l o y  Showing Coring. 

Bright Field B O O  
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