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Abstract :  A simp1 ified metallographic preparation 
method has been developed a n d  proves su i tab le  for 
m a n y  uranium a l loys ,  as well a s  for  ber!.llium and 
s t a i n l e s s  s t e e l .  Samples  used i n  the study are  taken 
from a cut-off wheel or 600-grit paper and  placed in an 
e 1 e c tro I y t i c c e I I . Through th e procedures de \re I oped . 
mounting and pol ishing s t e p s  have been elinlinated 
and  economies i n  operat ions achieved .  

lnve s t i ga t i on s s i nip 1 i f  i e d 
metallographic procedures  su i tab le  for uranium al lo!.s. 
as  wel l  as for berylliiini and s t a i n l e s s  s t e e l .  TIYO 
procedures  gave  sa t i s fac tory  r e s u l t s .  I n  the first 
procedure , a standard ( n or nia I )  e I e c t ropo  I i s h  i n  g c e I 1 
w a s  used .  I n  the second.  iise \ \as made of an electro-  
lyte-abrasive slim!. o n  a rotat ing ca thode .  

were be gu n to de  ve I op  

Elimination of mounting and pol ishing s t e p s  \ \ a s  

poss ib le  through the descr ibed procedures. and i n  
addition economies in operat ions \ \e re  rea l ized .  

E\-perimc:ntal: T\\o experiniental procedures wcre 
developed.  Procedure :I involves  a n o r m a l  e lectro-  
pol ishing c e l l  and is used  for uranium a l loys .  s t a i n -  
less s t e e l s .  and beryllium. Procedure R eniploys an 
electrolyte-abrasive slurry on a rotating cathode and 
is used for beryllium. 

PROCEDIIRE .4 - .4 standard electropol ishing ce l l  
is u s e d .  The electrolyte  is a proprietar!. phosphoric 
a c  i d- bas e so 1 ut i on mar ke te  d as  ' ' P ow er -I; 1 e e n ' ' w h i c h 
is used  coniniercially to  "brighten" meta ls .  T h e  
suppl ier  of th i s  e lectrolyte  is l lo lec t r ics .  Inc. .  459 Y .  
Euca lyptus  Avenue. Inglewood 3 .  California. T h e  

solut ion behaves  s imilar  to  an orthophosphoric a c i d ,  
sulfur ic  a c i d ,  and a water  mixture \vith added metal  
ca t ions .  Data  obtained from a spectrographic  and 
chemical a n a l y s i s  of a s imilar  solution are  given in 
Table  I .  The  pol ishing and etching condi t ions found 
to he optimum are l i s ted  i n  Table  11. 

PROCEDURE B - This method conibines e lectrolyt ic  
and me c h a n i c al p o 1 i s h  i ng te  c h n ique s s i mu 1 tan e ou s 1 y 
and leads  to rapid metal removal r a t e s .  -4 coninier- 
ciall!, n\-ailahle St.ruers DP-I\' Electrol\.tic 1 ,ap-  
Polishirig l J n i t  is used .  The  e l e c t r o l \ t c  a n d  other 
\ -ar iahles  involved i n  th i s  procedure are l is ted i n  
Table  111. 

l':\l3I ,E I .  Spectrographic and Chemical Anal- 
!-sis of Electrol l - te  Used in Procedure A .  

Spectrographic Analysis :  Resul t s  a re  in percents .  

- \ I  - 0.005 c u  - 0.0" 
P - l la jor  b'e - 0.3 
i3e - <0.00025 31n - 0.007 
(:a - 0.0n1 X i  - 0.015 
Cr  - 0.015 Si - o.on3 

\ I g  - 0.001 

C h (I ni  i c a 1 4 11 a I \- s i s : 

p1 I -- C0.OS 
I l>PO4 - 10.30 I o I a r  
Specific (;ravit>. 60.'60°1;' - 1 .68  
(;I- - Uegative 
YO? - S e g a t i v e  
SO,= - Posi t ive  (Probably 

about 3.6 E i n  
I1'SO,) 

RESllI .Ti; 

Pr oc c d u re :I : Se q u e n c e p h o t o ni i cr ogra p h s i 11 u s  t ra t i n g 
the simplified metallographic procedure for a uranium 
alloy a n d  a s t a i n l e s s  s t e e l  a re  shown i n  F igures  1 
and 2 ,  respect ively.  The first three photographs in 
each sequence  show the at ta inment  of an etched s u r -  
face s tar t ing from 600-grit s c r a t c h e s .  T h e  l a s t  two 
photographs i l lustrate  the reversibility of the method. 

Figure 3 is a current versus  time plot for var ious 
\ o l t a g e s .  The  graph s h o w s  that  about  90 s e c o n d s  a re  
required for s tabi l izat ion of the current. Figure 4 
is a current densit! versus  voltage plot using a s e r i e s  
c i rcui t .  T h e  da ta  for th i s  curve were obtained after 
a s tabi l izat ion period of 90 s e c o n d s .  T h e  curve 
s h o \ \ s  a pol ishing plateau a t  0.4 amperes  per cent i -  
meter' (amps  'cm'). The bes t  e tching charac te r i s t ics  
n e r e  obtained below 0.1  amps/cm'. 
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TABLE 111. Parameters  for Elec t ro ly t ic -Lap  Preparation of Beryllium (Procedure B). 

Variable 

Electrolyte-Abrasive Slurry 

Cathode 

\io 1 t ag  e 

Current 

Tinre from 600-(;rit Scra tches  

F igures  5 through 1 2  are  f,hotomicroeraplis of mate- 
r i a l s  prepared \sith the proposed prncedure. Figure 1 2  
is a n  electron micrograph of a replicated sur face  
prepared using the prescribed technique. Figure 13 is 
a transiiiission-electron niicrograph of a uranium all01 
thinned i n  thc elcctrolL te .  

The  technique is also su i tab le  for obtaining zero 
root-mean-square ( r m s )  f in i shes  o n  niachined sur faces .  
Metal removal r a t e s  as high a s  0.003 cn1"iiiin have 
been obtained a t  high current dens i t i e s .  .4t t hese  
high current dens i t i e s  however. i t  is difficalt  to cool 
the electrol j , te .  For ber!.lliuni. the solution a c t s  as 
a chemical pol'ish. Scra tches  are reodil!. rciiioved i n  
th is  manner, but the result ing microsurface is heavily 
pit ted.  F o r  t h i s  reason. i t  is necessar!. , t o  app ly  the 
potential  prior to immersing the beryllium sample i n  
the e 1 e c tro I v t e .  

For  ganinia-quenched uranium a l loys  that have been 
subsequently aged at  400400°C. the method is not 
appl icable .  I n  t hese  in s t ances .  the sample is given 
a iiiechanical polish followed by an electrolytic etch 
i n  10-percent oxalic acid in tvater a t  in°C for 4 n i in -  
u t e s  a t  2 volts .  

Procrdurc 13: Photomicrographs i l lustrat ing the use  
of Procedure E3 on commercially pure beryllium are 
shown i n  Figure 14. Figure 14(a) is the init ial  su r -  
face showing 600-grit s c ra t ches .  Figure 14(b) is 
after 30 seconds  of electrolytic-lap p o l i s h i n g  and 
shows partial  removal of s c ra t ches .  Figure 14(c)  is 
after 120 seconds  and s h o w s  the same area  i n  the 
scratch-free condition. 

Value 

2 volumes S i t r i c  .Acid 
1 volunie Hydrochloric .Acid 

147 volumes Ethylene Glycol 
20 volumes O.O5-micron gamma-alumina 

S ta in l e s s  s t e e l  covered with nylon cloth 

25 v o l t s  for 1 cni' sample 

0.6 amps 'ciii' 

2 ni  i i i  

F o r  both procedures using beryllium, the method is 
lacking i n  that  inclusions are consumed. T h i s  is a 
deficient!. that is common to most electrolytic pro- 
cedures iqvolving beryllium. 

13 o th ni e th  ods h OIL ever i e Id i nd u c e d-de f or n i a  t i on- free 
sur faces  i n  v h i c h  man\ microstructural fea tures  are  
resolved. Rhen inclusion retention and an induced- 
deformation-free surface are required, it is bes t  to use  
the folloning method. Grinding on 21.0, 320, 400 and 
600-grit papers followed b? polishing on 6 microns, 3 
microns. and I niicron diamond pas t e .  

Intermediate t o  each of the above s t e p s  is a 15-second 
dip i n  a 10 percent II,SO, in water solution t o  remove 
deformed metal .  T h e  sample is then placed for 24 
hours  on a vibrator! polisher using 0.05-micron gamma- 
alumina suspended  in water to which h a s  been added 
20 nil of 10 percent CrO, in water.  This is followed 

by a 5-second swab with a 2 percent I lF '  solution in  
ethyl alcohol.  The  sample is then viewed under 
polarized illumination. 

cos c LC'SIOYS 

Both of the proposed simplified metallographic pro- 
cedures .  4 and B, have proven to be useful and ver- 
s a t i l e  in  that  various metals and a l loys  have been 
s u  c ce s sf u 11y prepared. 

The p rocesses  yield reproducible r e su l t s .  There 
are a l s o  economies in  elimination of the mounting 
and mechanical  polishing s t e p s .  

3 
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FIGURE 2. Sequence photomicrographs illustrating the simplified metallographic procedure for Type- 
304 stainless steel. 
(c) Electroetched at  0.06 amps/cm2 for 15 minutes, (d) Repolished at  0.4 amps/cm2 for 2 minutes, 
(e) Re-etched at 0.06 amps/cm2 for 10 minutes. 

(a) 600-grit scratches, (b) Electropolished at 0.4 amps/cm2 for 4 minutes, 

Bright-field illumination. Magnification 2ooX. 

FIGURE 3. Current versus time plots for various volt- 
ages for the orthophosphoric base solution. Type-304 
stainless steel  sample. Sample size 1.0 cm2. Stainless 
steel  
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FIGURE 4. Current density versus voltage plot for the 
orthophosphoric base solution in a series circuit cell. 
Type-304 stainless s teel  sample. Sample s i ze  1.0 cm'. 
Stainless steel  cathode. Anode to cathode distance 1.0 
inch. Solution temperature 2 1 O C .  Reading taken after a 90- 
second hold. Region B-C represents the polishing plateau. 

1.2 

I .o 
(u 

3 
0.8 

5 
F z 
W 

e 0.6 3 
LL 
W 
LL 
E a 0.4 

0.2 

0 2 4 6 a 10 

DC VOLTS 

I 



S 

Z98-ddtI 



RFP-862 

.FIGURE 10. Same sample and surface con- 
ditions as  in preceding photograph under 
polarized illumination. Magnification 1OOX. 

FIGURE 12. Replica electron micrograph of 
preceding sample. Etch pits and subgrain 
boundary in banded structure. Chromium- 
shadowed carbon replica. Magnification 40OOX. 

6 

FIGURE 9. Uranium 19 at/% niobium 
alloy. Sample held 20 hours a t  900°C 
and cooled at 1000°C/second. Banded, 
single-phase structure. Magnification 1OOX.  

FIGURE 11. Uranium 15 at/% niobium alloy. Sample 
held 24 hours at  850% and cooled at lO%/second. 
Subgrain boundaries and etch pits in banded, 
single-phase structure. Magnification 2OOX. 
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