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D E V E L O P M E N T OR R E M O T E M E T A L L O G R A P H I C 
TECHNIQUES F O R IRRADIATED M A T E R I A L S 

by 

R. C a r l a n d e r 

ABSTRACT 

A r e m o t e m e t a l l o g r a p h i c f ac i l i t y h a s b e e n in o p e r a ­
t ion at A r g o n n e Na t iona l L a b o r a t o r y s i n c e 1954. D u r i n g tha t 
p e r i o d of t i m e , m a n y new t e c h n i q u e s r e l a t i v e to b e t t e r c o n ­
t a m i n a t i o n c o n t r o l and e q u i p m e n t o p e r a t i o n h a v e b e e n 
d e v e l o p e d . F u r t h e r i m p r o v e m e n t s wi l l con t inue to be m a d e 
in the n o r m a l e v o l v e m e n t of the o p e r a t i o n a l p r o c e d u r e s . 
The t e c h n i q u e s u s e d for m i c r o s c o p i c e x a m i n a t i o n of i r r a ­
d i a t e d m a t e r i a l s h a v e b e e n s t a n d a r d i z e d wi th v a r i a t i o n s only 
in the f inal po l i sh ing s t e p s , and d e t a i l e d p r o c e d u r e s a r e 
g iven for s e v e r a l a l l o y s . The p r o c e d u r e s u s e d for m a c r o s -
copy v a r y f r o m s a m p l e to s a m p l e , and new p r o c e d u r e s a r e 
deve loped a s r e q u i r e d to su i t e a c h p a r t i c u l a r p r o b l e m . 

INTRODUCTION 

The r e m o t e m e t a l l o g r a p h i c f ac i l i t y at A r g o n n e N a t i o n a l L a b o r a t o r y , 
which b e c a m e o p e r a t i o n a l in 1954, was s p e c i f i c a l l y d e s i g n e d to a c c o m m o ­
da te not only the e x p e r i m e n t a l fue ls of the p r e s e n t , bu t , a l s o , any c o n c e i v ­
ab le fuel m a t e r i a l s of the f u t u r e . The b a s i c c o n s t r u c t i o n and layout of the 
e q u i p m e n t w a s a r r a n g e d in s u c h m a n n e r a s to a t t a i n good c o n t a m i n a t i o n 
c o n t r o l and s i m p l i c i t y of o p e r a t i o n whi le r e t a i n i n g a l l t he c o n c e p t s which 
g o v e r n good m e t a l l o g r a p h i c p r o c e d u r e s . The n o r m a l e v o l v e m e n t of i m ­
p r o v e d r e m o t e - h a n d l i n g p r o c e d u r e s h a s p e r m i t t e d the r e d e s i g n and s u b s t i ­
tu t ion of s o m e e q u i p m e n t . It is b e l i e v e d tha t f u r t h e r m o d i f i c a t i o n s wi l l 
cont inue to be m a d e a s m o r e e x p e r i e n c e i s ga ined in r e m o t e m e t a l l o g r a p h y . 

The m e t a l l o g r a p h i c f ac i l i t y i s a t h r e e - c e l l c ave ( see F i g u r e s 1 and 
2) c a p a b l e of s h i e l d i n g 100 c u r i e s of 1-Mev g a m m a a c t i v i t y . The b a s i s for 
the d e s i g n and l ayou t of t h e i n s t a l l a t i o n and the e q u i p m e n t h a s b e e n g iven 
in p r e v i o u s r e p o r t s .'•'•'^'-^i T h e r e have b e e n s l igh t c h a n g e s in the m e t h o d s 
of r a d i o a c t i v i t y c o n t a i n m e n t and equipnnent o p e r a t i o n a l p r o c e d u r e s in o r d e r 
to a c h i e v e con t inu i ty in the m e t a l l o g r a p h i c p r o c e s s e s . 
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F i g . 1. View of M e t a l l o g r a p h y C a v e . (Shie lded M e t a l l o g r a p h Is at F a r Right . 

J 

(a) SHIELDED ACCESS HOLE 
(b) SPECIMEN CUTOFF MACHINE 
(c) SPECIMEN MOUNTING PRESS 
(d) ROUGH GRINDING MACHINES 
(e) SPECIMEN CLEANER ft DRIER 
( t l SPECIMEN TRANSFER STATION 
(g) POLISHING MACHINES 
(hi DIAMOND PASTE DISPENSER 
( i ) ETCHING APPARATUS 
( j ) BENCH MICROSCOPE WITH PERISCOPE 

k) MICROHARDNESS TESTER WITH PERISCOPE 
I) FILTERED VACUUM CLEANER 

m) ALTERNATE POSITION FOR BENCH MICROSCOPE 
n) SPECIMEN TRANSFER TO METALLOGRAPH 
o) SHIELDED RESEARCH METALLOGRAPH 
pi MACRO CAMERA AND PERISCOPE 
g) STEREOBINOCULAR AND PERISCOPE 
r) CAMERA AND BINOCULAR STAGE 
si SHIPPING CASK 
t ) SODIUM VAPOR LAMPS 

106-4820 

F i g . 2. A r g o n n e M e t a l l o g r a p h y Cave and E q u i p m e n t Layout 



The t e c h n i q u e s e m p l o y e d in p r e p a r i n g s p e c i m e n s for m e t a l l o g r a p h i c 
a n a l y s i s is con t ingen t upon w h e t h e r m i c r o s c o p i c o r m a c r o s c o p i c e x a m i n a ­
t ion is d e s i r e d . The m e t h o d s u t i l i z e d in p r e p a r a t i o n for m i c r o s c o p y a r e 
s t a n d a r d i z e d , with v a r i a t i o n only in the p o l i s h i n g p r o c e d u r e and e t chan t 
e m p l o y e d in the f inal s t e p . P r e p a r a t i o n for m a c r o s c o p i c i n v e s t i g a t i o n d e ­
p e n d s upon the p h y s i c a l d i m e n s i o n s and condi t ion of the s p e c i m e n , and 
d i f fe ren t t e c h n i q u e s a r e g e n e r a l l y u s e d for each g roup of s p e c i m e n s s u b ­
m i t t e d for e x a m i n a t i o n . 

SECTIONING 

S a m p l e s a r e cut with e i t h e r an e l e c t r i c a l d i s c h a r g e mach ine ,v^ / an 
a b r a s i v e cutoff m a c h i n e , or a s m a l l hand saw. The l a t t e r h a s b e e n e s s e n ­
t i a l l y d i s c a r d e d as a m e t h o d of s e c t i o n i n g and is e m p l o y e d as a l a s t r e s o r t 
on s l igh t ly i r r a d i a t e d s p e c i m e n s in o r d e r to exped i t e t h e i r e x a m i n a t i o n . 

The a d v a n t a g e s of the e l e c t r i c a l d i s c h a r g e p r o c e s s o v e r tha t of the 
a b r a s i v e cutoff a r e : the c o n t r o l of s u r f a c e f in ish , the a b o l i s h m e n t of h e a t ­
ing e f fec t s , and the v i r t u a l e l i m i n a t i o n of a d e f o r m e d s u r f a c e l a y e r . D i s ­
a d v a n t a g e s a r e : the inab i l i ty to cut nonconduc t ing m a t e r i a l s , and the 
s e l e c t i v e c o r r o s i o n of one c o m p o n e n t of a m u l t i c o m p o n e n t s a m p l e due to 
d i f f e r e n c e s in e l e c t r i c a l p r o p e r t i e s . 

The p r i n c i p a l a l t e r a t i o n s to the c o m m e r c i a l uni t w e r e d i r e c t e d at 
c o n t a i n m e n t of the r a d i o a c t i v e w a s t e p r o d u c e d d u r i n g the cu t t ing o p e r a t i o n , 
p r o t e c t i o n of c e r t a i n i r r e p l a c e a b l e c o m p o n e n t s f r o m c o n t a m i n a t i o n , and 
m a i n t e n a n c e of u n i f o r m cut t ing c o n d i t i o n s . The c o n t a i n m e n t of r a d i o a c t i v e 
w a s t e i s a c c o m p l i s h e d by cu t t ing the s p e c i m e n whi le c o m p l e t e l y s u b m e r g e d 
in w a t e r . E n c l o s u r e of the cu t t ing uni t in p l a s t i c and m a i n t e n a n c e of a 
n e g a t i v e p r e s s u r e o v e r the uni t by m e a n s of a v a c u u m c l e a n e r wi th a c ­
c o m p a n y i n g f i l t e r p r e v e n t s p r e a d of a i r b o r n e ac t i v i t y into the cave p r o p e r . 
S e p a r a t i n g the cu t t ing uni t f r o m the e l e c t r i c a l c o n t r o l and m o t o r - d r i v e 
uni t p r e v e n t s t h e s e d i f f i c u l t - t o - c l e a n p a r t s f r o m b e c o m i n g h e a v i l y con ­
t a m i n a t e d . Subs t i t u t ion of the m e t h o d of cut t ing by d r i v i n g the work p i e c e 
into a s t a t i o n a r y tool is m a d e by c l a m p i n g the s p e c i m e n to the w o r k t ab l e 
and s e c t i o n i n g it wi th a r evo lv ing c i r c u l a r b r a s s d i s c . T h i s d i s c p o s s e s s e s 
the a d v a n t a g e s of expos ing the cut s u r f a c e to f r e s h w a t e r and of m a i n t a i n ­
ing u n i f o r m w e a r on the tool c i r c u m f e r e n c e . If t h i s u n i f o r m w e a r f e a t u r e 
w e r e not i n c o r p o r a t e d into the m a c h i n e , a new tool would have to be s u b ­
s t i t u t ed each t i m e a d i f fe ren t s i z e o r con f igu ra t i on of the w o r k p i e c e w e r e 
e n c o u n t e r e d . 

The o p e r a t i o n of the m a c h i n e ( see F i g u r e s 3 and 4) c o n s i s t s of 
app ly ing a d i f f e rence of po t en t i a l b e t w e e n the s u i t a b l y a l i gned s p e c i m e n 
and the r evo lv ing b r a s s d i s c . The s p e c i m e n i s p l a c e d in a s p e c i a l f i x t u r e 
and m a d e the anode in the cu t t ing p r o c e s s . The r o t a t i n g b r a s s d i s c i s 
m a d e the ca thode and is a u t o m a t i c a l l y d r i v e n into the s p e c i m e n by m e a n s 
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of a feed c o n t r o l . The s p e c i m e n is e r o d e d by the s p a r k d i s c h a r g e o c c u r r i n g 
b e t w e e n the cu t t ing d i s c and the s p e c i m e n . The feed r a t e is d e t e r m i n e d by 
the gap e x i s t i n g b e t w e e n the cu t t ing d i s c and the s a m p l e . The gap is a u t o ­
m a t i c a l l y c o n t r o l l e d at 0.01 in. at a p o t e n t i a l of a p p r o x i m a t e l y 30 v o l t s . 
The d i s c is s lowly fed into the s p e c i m e n whi le m a i n t a i n i n g the p r o p e r gap 
un t i l the s e c t i o n h a s b e e n c o m p l e t e d . The s p e c i m e n i s cut whi le s u b ­
m e r g e d in w a t e r ; the s m a l l d e f o r m e d l a y e r f o r m e d is e a s i l y r e m o v e d 
du r ing g r ind ing 

F i g . 3 

E l e c t r i c a l D i s c h a r g e 
Mach ine for Sec t i on ­
ing M e t a l l o g r a p h i c 
S p e c i m e n s 

141-920 

F i g . 4 

Cut t ing Unit of 
E l e c t r i c a l D i s ­
c h a r g e Mach ine 
in O p e r a t i o n 

141-921 
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The s p r e a d of c o n t a m i n a t i o n f rom the e l e c t r i c a l d i s c h a r g e o p e r a t i o n 
i s min inn ized by e n c l o s i n g the cu t t ing uni t in a p l a s t i c box and m a i n t a i n i n g 
the e n c l o s u r e at a s l igh t ly n e g a t i v e p r e s s u r e . The l iquid w a s t e , when n e c ­
e s s a r y , is p u m p e d out of the w a t e r pan into an a b s o r b e n t s u c h as v e r m i c u l i t e . 
The pan is then c o l l a p s e d r e m o t e l y and d i s c a r d e d into a su i t ab l e c o n t a i n e r . 
S e v e r a l p a r t s of the m a c h i n e b e c o m e h igh ly r a d i o a c t i v e and a r e qui te dif­
f icul t to c l e a n r e m o t e l y . T h e s e p a r t s a r e p r i n c i p a l l y t h o s e which p r o v i d e 
the e l e c t r i c a l pa th and a r e n e c e s s a r i l y m a d e of b r a s s , which d o e s not lend 
i t se l f a s r e a d i l y to d e c o n t a m i n a t i o n as s t a i n l e s s s t e e l . T h e s e p a r t s a r e 
c l e a n e d as m u c h as p o s s i b l e r e m o t e l y and then d e t a c h e d f r o m the m a c h i n e 
in the adjo in ing i s o l a t i o n r o o m and, if r e q u i r e d , r e p l a c e d with d u p l i c a t e p a r t s . 

An a b r a s i v e cutoff m a c h i n e ( s ee F i g u r e s 5 and 6) h a s b e e n r e c e n t l y 
d e v e l o p e d for r e m o t e o p e r a t i o n by the R e m o t e C o n t r o l D iv i s ion f rom a 
b a s i c B u e h l e r No. 1015 unit and h a s b e e n u s e d for the s e c t i o n i n g of s o m e 
c e r a m i c and m e t a l l i c fuel s p e c i m e n s . Th i s m a c h i n e h a s b e e n o p e r a t e d in 
a h i g h e r - l e v e l cave b e c a u s e of the high ac t iv i t y l eve l of the s p e c i m e n s for 
which s e c t i o n i n g h a s b e e n n e c e s s a r y . The p e r f o r m a n c e of the m a c h i n e i s 
not nove l r e l a t i v e to c o m m e r c i a l u n i t s , excep t tha t the r a t e at wh ich the 
s p e c i m e n i s fed into the a b r a s i v e d i s c can be v a r i e d down to one inch in 
8 m i n . The a b r a s i v e d i s c r e v o l v e s at 3450 r p m and i s p o w e r e d by a o n e - h p 
m o t o r . The s p e c i m e n is cooled by a j e t s p r a y of f i l t e r e d w a t e r to which 
d e t e r g e n t h a s b e e n added . The i m p o r t a n t m o d i f i c a t i o n s to the m a c h i n e 
w e r e c o n c e r n e d with r a d i o a c t i v i t y c o n t a i n m e n t and d i s p o s a l , and a r e s t i l l 
in a p r o c e s s of d e v e l o p m e n t as the m a c h i n e con t inues to be o p e r a t e d . The 
w a t e r f r om the s e c t i o n i n g t ank i s c i r c u l a t e d by a c e n t r i f u g a l s u m p p u m p 
t h r o u g h a d i s p o s a b l e f i l t e r . The w a t e r f r o m th i s f i l t e r f lows into a p l a s t i c 
c o n t a i n e r . When d e c o n t a m i n a t i o n i s n e c e s s a r y , the w a t e r i s a b s o r b e d by 
the add i t ion of v e r m i c u l i t e and the p l a s t i c c o n t a i n e r is d i s c a r d e d . All 
r u b b e r tubing can be d i s c o n n e c t e d r e m o t e l y and r e p l a c e d . The p u m p i m ­
p e l l e r and h o u s i n g f r o m the s u m p p u m p and the e n t i r e feed p u m p a r e 
d i s c a r d e d r a t h e r than d e c o n t a m i n a t e d . 

F i g . 5 

A b r a s i v e Cutoff Mach ine Modified 
for R e m o t e O p e r a t i o n 

141-1447 
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141-1446 

F i g . 6. R e m o t e l y O p e r a t e d A b r a s i v e 
Cutoff Mach ine in O p e r a t i o n 

MOUNTING 

S p e c i m e n s a r e m o u n t e d by e i t h e r of two t e c h n i q u e s , depend ing 
upon the p h y s i c a l c h a r a c t e r i s t i c s and i r r a d i a t i o n h i s t o r y . If the s a m p l e s 
a r e s l i gh t l y i r r a d i a t e d , a r e so l id r a t h e r t han p o r o u s , and a r e not e m ­
b r i t t l e d , they a r e m o u n t e d in g r e e n B a k e l i t e at 135°C to 145°C and at 
5000 p s i p r e s s u r e in a modi f ied B u e h l e r L td . , speed p r e s s . ( 1 ) A p r e -
m a r k e d s t e e l w a s h e r i s i n s e r t e d in the b a c k of the m o u n t to f ac i l i t a t e 
iden t i f i ca t ion and handl ing with m a g n e t i c d e v i c e s . The n e c e s s a r y m o d i ­
f i ca t ions to the s p e e d p r e s s in o r d e r tha t i t s o p e r a t i o n nnay be r e m o t e l y 
c o n t r o l l e d w e r e s l igh t . In fac t , a l l t ha t was n e c e s s a r y was to b r i n g the 
t h e r m o c o u p l e and h e a t e r l e a d s out t h r o u g h a u t i l i ty plug into a c o n t r o l l e r . 
The p r e s s u r e is c o n t r o l l e d by b r i n g i n g the h y d r a u l i c l e a d s t h r o u g h the 
s a m e plug into a B l ackhawk B a n t a m " P o r t a P o w e r " h y d r a u l i c j a c k . The 
c lo s ing of the p r e s s and m a n i p u l a t i o n of the hea t ing and cool ing s inks a r e 
e a s i l y p e r f o r m e d by the Argonne Model 8 m a n i p u l a t o r s . 

The u s e of th i s m a c h i n e , h o w e v e r , h a s b e e n l i m i t e d r e c e n t l y due 
to the l a r g e a m o u n t s of h igh ly e m b r i t t l e d and p o r o u s s p e c i m e n s which a r e 
be ing e n c o u n t e r e d . S a m p l e s of th i s type a r e m o u n t e d in H y s o l - 6 0 4 0 co ld -
se t t i ng p l a s t i c . ( 5 ) The t e c h n i q u e s e m p l o y e d in cold moun t ing a r e i l l u s ­
t r a t e d in F i g u r e 7. As m a y be s e e n fronn th i s f i gu re , the t i m e spen t in 
m o u n t i n g a l a r g e n u m b e r of s p e c i m e n s would be c o n s i d e r a b l y l e s s than 
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tha t e n c o u n t e r e d in us ing the speed p r e s s . Th i s i s r e a l i z e d b e c a u s e 
p r e m o l d s m a y be m a d e du r ing the w o r k e r ' s f r ee p e r i o d s , and when a 
suff ic ient n u m b e r of s p e c i m e n s a r e a v a i l a b l e , they m a y be a l l moun ted in 
one o p e r a t i o n d u r i n g the l a t t e r p a r t of the day, a l lowing the p l a s t i c to 
h a r d e n o v e r n i g h t . The moun t ing of s p e c i m e n s with the speed p r e s s would 
r e q u i r e the o p e r a t o r ' s c o n s t a n t a t t e n t i o n . 

SPECIMEN MOUNT 

A . ^ 

t 
' • 

3 A K E L 1 T E 

* WHERE 1/16 I N . < A < 5 / e 
A N D 1/4 I N . < B < 3 / 4 I N . 

S P A C E FOR 
P L A S T I C 

C E N T E R I N G 
G U I D E FOR 
S A M P L E 

1) DETERMINE DIMENSIONS 
(±1/32 IN.) OF SPECIMEN. 

2) PREPARE BAKELITE-GRAPHITE/BAKELITE(2 / 1) 
MOUNT INCORPORATING INDENTIFYING STEEL 
WASHER IN BOTTOM. 

3) F ILL MOLD WITH 
SMALL AMOUNT OF 
WOOD'S METAL AND 
INSERT IN CAVE 

4) MELT WOOD'S METAL 
ON HOT PLATE. . . INSERT 
SPECIMEN. . .COOL. 

FILL ANNULUS WITH 
HYSOL-6040 COLD-SETTING 
PLASTIC AND CURE AT 
ROOM TEMPERATURE FOR 
24 HOURS. 

106-5607 

F i g . 7. M e t a l l o g r a p h i c Mounting of I r r a d i a t e d M a t e r i a l s 
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GRINDING 

The m o u n t e d s p e c i m e n s a r e g round with a c o m b i n a t i o n of the 
g r ind ing e q u i p m e n t deve loped at Argonne(2) and new c o m m e r c i a l e q u i p m e n t 
which h a s r e c e n t l y b e c o m e a v a i l a b l e . The g r i n d i n g m a c h i n e s p r e v i o u s l y 
u s e d ( F i g u r e 8) gave e x c e l l e n t edge r e t e n t i o n and p r e s e r v e d the f l a t n e s s 
of the s p e c i m e n . The m a i n d r a w b a c k s of the o p e r a t i o n w e r e the r e q u i r e ­
m e n t for p r o c e s s i n g one s p e c i m e n at a t i m e and the a c c e s s i b i l i t y of m a n y 
p a r t s to c o n t a m i n a t i o n . T h e s e p a r t s w e r e not r e a d i l y d e t a c h e d by r e m o t e 
m e a n s and p r e s e n t e d d i f f icu l t ies b e c a u s e of r a d i o a c t i v i t y l e v e l w h e n e v e r 
r e p a i r s w e r e n e c e s s a r y . "S .M." a u t o m a t i c p o l i s h e r s ( F i g u r e 9) w e r e 
s u b s t i t u t e d for the o l d e r m a c h i n e s b e c a u s e t hey p o s s e s s e d the fol lowing 
a d v a n t a g e s : s i m p l i c i t y of d e s i g n , a c c e s s i b i l i t y of p a r t s to r e m o t e m a i n ­
t e n a n c e , and s i m u l t a n e o u s g r ind ing of t h r e e s p e c i m e n s . In the o p e r a t i o n 
of t h i s m a c h i n e , the g r ind ing head s w e e p s the s p e c i m e n s a c r o s s the 
s u r f a c e of the l ap in a m o t i o n a p p r o x i m a t i n g the a r c of a c i r c l e . The 
p a s s i n g of the h o l d e r o v e r the c e n t e r of the lap i m p a r t s a c i r c u l a t o r y 
m o t i o n to the s a m p l e s which e l i m i n a t e s u n i d i r e c t i o n a l g r i nd ing and p r e ­
s e r v e s the f l a t n e s s of the m o u n t . 

106-2504 

F i g . 8. Argonne M e t a l l o g r a p h i c P o l i s h i n g Mach ine 
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28513 

F i g . 9. "S.M." A u t o m a t i c P o l i s h i n g Mach ine 

R e c e n t l y , h o w e v e r , the n u m b e r of s p e c i m e n s have b e e n cut f r o m 
t h r e e to t w o . T h i s i s n e c e s s a r y b e c a u s e of an innova t ion in the a p p l i c a t i o n 
of weigh t to the m o u n t e d s a m p l e . In the p r e s e n t m e t h o d , weigh t i s app l i ed 
to the m o u n t by e n c l o s i n g it in a b r a s s h o l d e r in a m a n n e r s i m i l a r to t ha t 
d e s c r i b e d for the v i b r a t o r y po l i sh ing t e c h n i q u e . ! " ) The weight and s p e c i ­
m e n a r e t hen i n s e r t e d into the s a m p l e h o l d e r of the m a c h i n e and a l lowed 
to g r ind in the c o n v e n t i o n a l m a n n e r . The s p e c i m e n s r e v o l v e as b e f o r e ; 
the m e t h o d p o s s e s s e s the added advan t age of m a i n t a i n i n g the f l a t n e s s of 
the s p e c i m e n , even if the b a c k of the moun t should p o s s e s s s o m e i r r e g ­
u l a r i t y which would c a u s e t ipp ing by the point of the weight a p p l i c a t o r in 
the load a t t a c h m e n t ( s ee F i g u r e 9). In add i t ion to the above a d v a n t a g e , 
t he m a c h i n e is f u r t h e r s i m p l i f i e d by e l i m i n a t i n g add i t i ona l c o n t a m i n a t i o n -
p r o n e p a r t s and by s p e e d i n g the g r i nd ing o p e r a t i o n t h r o u g h the i n c r e a s e 
in app l i ed we igh t . The a m o u n t of weigh t app l i ed to the s p e c i m e n m a y be 
v a r i e d by a l t e r i n g the s i z e of the weight a p p l i c a t o r . The weight i s m a d e 
of b r a s s i n s t e a d of s t a i n l e s s s t e e l , b e c a u s e of e a s e of m a c h i n a b i l i t y . 
M o r e o v e r , the c o s t of c l ean ing such an a c c e s s o r y does not w a r r a n t 
m a k i n g an e x p e n s i v e i t e m , and t h e r e f o r e the e n t i r e p i e c e is d i s c a r d e d 
a f te r a c e r t a i n p e r i o d of t i m e i n s t e a d of d e c o n t a m i n a t e d . The m e t h o d of 
chang ing g r i n d i n g p a p e r s r e m a i n s unchanged f r o m tha t o r i g i n a l l y d e ­
v i sed , (2 ) excep t t ha t the c e n t e r pin which f a c i l i t a t e d the a l i g n m e n t of 
p a p e r s on the t u r n t a b l e h a s b e e n e l i m i n a t e d b e c a u s e of the n e c e s s i t y of 
p a s s i n g the s p e c i m e n s o v e r the c e n t e r of the l a p . 

The g r ind ing o p e r a t i o n c o n s i s t s of pos i t i on ing the m o u n t e d s p e c i ­
m e n s in the h o l d e r of the "S.M. " a u t o m a t i c po l i sh ing m a c h i n e and g r i n d i n g 



s u c c e s s i v e l y t h r o u g h 8 0 - , 120- , 3 2 0 - , and 6 0 0 - g r i t SiC p a p e r s which a r e 
s p r a y - l u b r i c a t e d wi th "OS" H y p r e z f l u i d . ! ' ) The t i m e which the s p e c i m e n 
r e m a i n s on the 8 0 - g r i t p a p e r depends upon the depth of the d e f o r m e d 
l a y e r p r o d u c e d d u r i n g the cu t t ing o p e r a t i o n , the h a r d n e s s of the m a t e r i a l , 
and the c r o s s - s e c t i o n a l a r e a . T h e r e f o r e , the depth of the d e f o r m e d l a y e r 
i s u s u a l l y p r e d e t e r m i n e d wi th an u n i r r a d i a t e d s p e c i m e n of the s a m e m a ­
t e r i a l . The a m o u n t of m a t e r i a l r e m o v e d p e r uni t t i m e for p a r t i c u l a r 
g r o u p s of s p e c i m e n s i s u s u a l l y known f r o m p a s t o p e r a t i o n ; t h u s , it i s e a s y 
to gauge when the n e c e s s a r y s u r f a c e h a s b e e n a t t a ined on the 8 0 - g r i t 
g r i nd ing s t e p . The r e m a i n i n g g r i n d i n g o p e r a t i o n s a r e p e r f o r m e d on e a c h 
p a p e r for a p e r i o d of t i m e dependen t upon the amoiont of d e f o r m e d l a y e r 
p r o d u c e d d u r i n g the p r e c e d i n g o p e r a t i o n . The g r ind ing w a s t e a d h e r i n g to 
the s p e c i m e n s i s r e m o v e d u l t r a s o n i c a l l y in c a r b o n t e t r a c h l o r i d e . 

The g r ind ing and po l i sh ing m a c h i n e s a r e p r o t e c t e d f r o m c o n t a m i n a ­
t ion by pa in t ing and e n c l o s i n g t h e m in p l a s t i c . T h i s p l a s t i c , when n e c e s s a r y , 
i s r e m o v e d f r o m the m a c h i n e s m a n u a l l y r a t h e r than r e m o t e l y . The s a m p l e 
h o l d e r and load a t t a c h m e n t s can be r e m o v e d r e m o t e l y by m e a n s of the 
s c r e w s shown in F i g u r e 9. Since t h e s e p a r t s a r e of s t a i n l e s s s t e e l , t h e y 
a r e e a s i l y d e c o n t a m i n a t e d . Dur ing t h i s p e r i o d , c l e a n h o l d e r s and load 
a t t a c h m e n t s m a y be s u b s t i t u t e d for the o r i g i n a l p a r t s . The g r ind ing and 
po l i sh ing w a s t e is c o n c e n t r a t e d in a p l a s t i c bowl b e n e a t h the g r ind ing l a p , 
t h u s p r e v e n t i n g r a d i o a c t i v i t y f r o m r e a c h i n g the t u r n t a b l e m o t o r . When 
d e c o n t a m i n a t i o n i s r e q u i r e d , the l iqu id w a s t e in the bowl ( m o s t l y 
"OS" Hyprez ) i s a b s o r b e d in v e r m i c u l i t e , and the bowl and con t en t s a r e 
t hen d i s c a r d e d in to a s o l i d - a c t i v e - w a s t e c o n t a i n e r . 

POLISHING 

The po l i sh ing o p e r a t i o n s a r e p e r f o r m e d with the s a m e e q u i p m e n t 
d e s c r i b e d in the g r i nd ing s e c t i o n . The po l i sh ing c lo ths a r e changed r e ­
m o t e l y by i n s e r t i n g t h e m into the c a v e in p l a s t i c b a g s and p l ac ing t h e m on 
t h e p o l i s h i n g l a p s . The c lo ths a r e a l s o l u b r i c a t e d with "OS" H y p r e z fluid 
by m e a n s of an a t o m i z e r o p e r a t e d by c o m p r e s s e d a i r , and the s p e c i m e n s 
a r e c l e a n e d b e t w e e n s u c c e e d i n g s t e p s in an u l t r a s o n i c w a s h e r con ta in ing 
c a r b o n t e t r a c h l o r i d e . C a r b o n t e t r a c h l o r i d e was c h o s e n as the c l e a n i n g 
so lu t ion b e c a u s e it i s n o n f l a m m a b l e , e v a p o r a t e s qui te r e a d i l y , and d o e s 
not s t a i n the s p e c i m e n . The u l t r a s o n i c w a s h e r which was o r i g i n a l l y u s e d 
for c l e a n i n g s p e c i m e n s w a s deve loped d u r i n g a t i m e when the t e c h n i q u e 
w a s c o n s i d e r e d a nove l a p p r o a c h to the c l e a n i n g of m e t a l l o g r a p h i c s p e c i ­
m e n s u r f a c e s . In o r d e r to a t t a i n the b e s t p o s s i b l e c l ean ing c o n d i t i o n s , 
m a n y f e a t u r e s w e r e i n c o r p o r a t e d in to the d e s i g n which now, due to b e t t e r 
t r a n s d u c e r s and a s s o c i a t e d e q u i p m e n t , a r e no l o n g e r n e c e s s a r y . 

The o p e r a t i o n of the i n s t r u m e n t ( F i g u r e 10) o r i g i n a l l y c o n s i s t e d of 
p l ac ing the s p e c i m e n on a h o l d e r fac ing the c o n c a v e s u r f a c e of a b a r i u m 
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t i t a n a t e c r y s t a l . The c a r b o n t e t r a c h l o r i d e so lu t ion was in j ec t ed into the 
t ank t h r o u g h a s t a i n l e s s s t e e l so leno id v a l v e . The n e c e s s a r y a m o u n t of 
b a t h to w a s h any s p e c i m e n in the t ank was gauged by runn ing so lu t ion into 
a s t andp ipe of a spec i f i c v o l u m e f r o m which the so lu t ion was d i s c h a r g e d 
into the c l e a n i n g t ank . A s m a l l m o t o r r o t a t e d the s p e c i m e n to i n s u r e 
u n i f o r m c l e a n i n g a c t i o n . When the n e c e s s a r y c l e a n i n g t i m e was c o m p l e t e , 
a n o t h e r so leno id va lve was opened and the ba th d r a i n e d out of the t ank . 
As the t ank d i s c h a r g e d the c l ean ing so lu t ion , a j e t of c a r b o n t e t r a c h l o r i d e 
w a s s p r a y e d a g a i n s t the s p e c i m e n to r i d the s u r f a c e of old so lu t ion . The 
spen t c a r b o n t e t r a c h l o r i d e was a l lowed to d r a i n into a s e t t l i n g t ank f r o m 
which it e v a p o r a t e d . 

106-2008 

F i g . 10. U l t r a s o n i c S p e c i m e n W a s h e r Adapted 
for R e m o t e O p e r a t i o n 

Al though the s p e c i m e n s w e r e c l e a n e d qui te t h o r o u g h l y of po l i sh ing 
and g r i n d i n g w a s t e s , m a n y d i f f icu l t ies w e r e e n c o u n t e r e d b e c a u s e of f a i l u r e 
of m a n y of the c o m p o n e n t s of the i n s t r u m e n t . F o r i n s t a n c e , the so leno id 
v a l v e s b e c a m e c logged , and the g a s k e t m a i n t a i n i n g a s e a l b e t w e e n the 
c r y s t a l and the s t a i n l e s s s t e e l t ank even tua l l y l e aked . In add i t ion , the 
s e t t l i n g t ank for the so lu t ion b e c a m e h ighly r a d i o a c t i v e , which m a d e i t s 
d i s p o s a l a l m o s t i m p o s s i b l e . R e p a i r s to the i n s t r u m e n t w e r e unduly p r o ­
longed owing to the bu i ldup of a c t i v i t y on the c r y s t a l , v a l v e s , g a s k e t , and 
t ank . 
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In o r d e r to e l i m i n a t e s o m e of the bad f e a t u r e s of the i n s t r u m e n t , 
a new se tup w a s d e v i s e d in o r d e r to s a t i s f y the fol lowing c o n d i t i o n s : the 
s a m e p o w e r supp ly and c r y s t a l would be u s e d , c o m p o n e n t s which t e n d to 
fai l in s e r v i c e would be e l i m i n a t e d , the w a s h e r would be put above t ab l e 
l e v e l to f ac i l i t a t e r e p a i r s , and the s e t t l i n g t a n k s would be r e a d i l y d i s p o s e d 
of by r e m o t e m e a n s . The so lu t ion was r e l a t i v e l y s i m p l e once it was d e ­
t e r m i n e d tha t the c l ean ing p o w e r of the p r e s e n t b a r i u m t i t a n a t e c r y s t a l 
w a s at a s a t i s f a c t o r y l e v e l . G l a s s b e a k e r s , wh ich c l e a n r a t h e r e a s i l y 
c o m p a r e d wi th s t a i n l e s s s t e e l , w e r e c h o s e n as the c l e a n i n g t a n k s . The 
s a m e p i e z o e l e c t r i c c r y s t a l s a r e u s e d excep t t ha t t h e y w e r e m a d e r e ­
m o t e l y r e m o v a b l e f r o m the so lu t ion ( see F i g u r e 11). The w a s t e c a r b o n 
t e t r a c h l o r i d e is d u m p e d by hand into p o r c e l a i n t r a y s f r o m which the 
c l e a n i n g so lu t ion i s a l lowed to e v a p o r a t e . T h e s e t r a y s a r e of s u c h s i z e 
t h a t t hey can be r e a d i l y d i s c a r d e d into c o n v e n t i o n a l w a s t e c o n t a i n e r s . 
The p r e s e n t s y s t e m , a l though s i m p l e , w o r k s e f fec t ive ly b e c a u s e of the 
h igh c l e a n i n g p o w e r of the p i e z o e l e c t r i c c r y s t a l s , w h i c h w e r e u s e d in the 
p r e v i o u s s y s t e m , and d o e s not i n d i c a t e tha t the m a n y c o m m e r c i a l un i t s 
p r e s e n t l y on the m a r k e t m i g h t not s a t i s fy the c l e a n i n g r e q u i r e m e n t s m o r e 
c h e a p l y and c o n v e n i e n t l y . 

29734 

F i g . 1 1 . Modified U l t r a s o n i c Wash ing A p p a r a t u s 

The s a m e type of m a c h i n e s and b r a s s l aps which a r e u s e d in 
g r i nd ing a r e u s e d in the p o l i s h i n g o p e r a t i o n s . The po l i sh ing p r o c e d u r e 
is s t a n d a r d i z e d for m o s t of the m a t e r i a l s , wi th v a r i a t i o n s in the f inal 
p o l i s h i n g s t e p dependen t upon the cond i t ion of the m a t r i x o r the p h y s i c a l 
p r o p e r t i e s of the a l l oy . G e n e r a l l y , the g round s a m p l e s a r e p o l i s h e d . 
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s u c c e s s i v e l y , wi th 3 - and 1 - m i c r o n d i a m o n d compound on s i l k c lo th and 
wi th 4 - -mic ron d i a m o n d a b r a s i v e on m i c r o c l o t h . If n e c e s s a r y , d e f o r m e d 
m e t a l i s r e m o v e d d u r i n g the 1 - m i c r o n p o l i s h i n g s t e p by e t ch ing s l i gh t ly 
and r e p o l i s h i n g wi th 1 - m i c r o n d i a m o n d c o m p o u n d on s i l k c l o t h . The f ina l 
po l i sh ing s t e p s , which have b e e n w o r k e d out in a d v a n c e of the e x a m i n a ­
t ion , a r e t hen in a c c o r d a n c e with the type of s p e c i m e n be ing p r o c e s s e d . 
The f ina l p r o c e d u r e s u s e d for r e p r e s e n t a t i v e m a t e r i a l s a r e g iven in the 
fo l lowing p a r a g r a p h s . 

T h o r i u m - U r a n i u m A l l o y s : The t h o r i u m - u r a n i u m a l l oys p r o c e s s e d 
to da t e have v a r i e d in c o m p o s i t i o n f r o m 10 to 28 w / o u r a n i u m and f r o m 
0.8 to 3.7 a / o b u r n u p . Due to the l a r g e n u m b e r of i m p u r i t y p a r t i c l e s in 
t h e s e a l l o y s , it w a s n e c e s s a r y to p r o l o n g the f inal po l i sh ing s t e p . The 
s p e c i m e n s w e r e p o l i s h e d for one h o u r d u r i n g the I - m i c r o n s t e p , and 
f r o m t h r e e to four h o u r s wi th -^ - -mic ron d i a m o n d a b r a s i v e on m i c r o c l o t h . 
No e t c h - p o l i s h i n g s t e p s w e r e e m p l o y e d . The r e s u l t s of p o l i s h i n g s e v e r a l 
of t h e s e a l loys a r e shown in F i g u r e s 12 and 13. 
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F i g . 12. M i c r o s t r u c t u r e of I r r a d i a t e d 
T h o r i u m - 2 5 w / o U r a n i u m 
Al loy . As P o l i s h e d 



18 

F i g . 13. M i c r o s t r u c t u r e of I r r a d i a t e d 
T h o r i u m - 1 5 w / o U r a n i u m 
Al loy . As P o l i s h e d 

T h o r i a - U r a n i a P e l l e t s : The t h o r i a - u r a n i a c e r a m i c s t r e a t e d have 
b e e n f r o m the B o r a x - I V r e a c t o r p r o g r a m . They c o n s i s t of s i n t e r e d p e l ­
l e t s of T h 0 2 - 6 . 3 5 w / o UO2 e n c l o s e d in a l u m i n u m t u b e s with l ead as the 
bonding m e d i u m . ( 8 , 9 ) The m o u n t i n g p r o c e d u r e ou t l ined in F i g u r e 7 was 
not u s e d for t h i s m a t e r i a l . I n s t e a d , a 1 - i n . - d i a m e t e r c y l i n d r i c a l m o u n t of 
a l u m i n u m was p r e p a r e d and la id on a g l a s s s l i d e . A s m a l l a m o u n t of co ld -
s e t t i n g p l a s t i c was put into the c y l i n d e r and the c e r a m i c s p e c i m e n was 
i n s e r t e d . The r e m a i n d e r of the moun t w a s t hen f i l led with p l a s t i c . T h i s 
p r o c e d u r e f o r c e d the p l a s t i c to flow into the c r a c k s and c e n t r a l v o i d s . If 
a void a r e a a p p e a r e d d u r i n g the g r i nd ing o p e r a t i o n s into which p l a s t i c had 
not c o m p l e t e l y f lowed, a s m a l l a m o u n t of p l a s t i c w a s put on the s u r f a c e 
and f o r c e d in to the void with a s t r a i g h t e d g e . The g r ind ing o p e r a t i o n s 
w e r e t hen c o m p l e t e d . The s p e c i m e n s p r e s e n t e d no d i f f icu l t i es d u r i n g the 
p o l i s h i n g s t e p s , even though the s e c t i o n c o n s i s t e d of a c o m p o s i t e of t h r e e 
m a t e r i a l s wi th wide v a r i a t i o n s in h a r d n e s s . After one h o u r on t h e 1 - m i c r o n 
c lo th , the s p e c i m e n s w e r e f inal p o l i s h e d with "I"-micron d i a m o n d a b r a s i v e 
on m i c r o c l o t h for one h o u r . The r e s u l t s of u s ing t h e s e p r o c e d u r e s a r e 
shown in F i g u r e s 14 and 15. 
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A l u m i n u m Alloy Cladding 

Lead Bond 

C e r a m i c P e l l e t 

29293 

C e n t r a l Void 

35X 

F i g . 14. C r o s s Sec t ion of I r r a d i a t e d A l u m i n u m A l l o y - c l a d L e a d - b o n d e d 
T h 0 2 - 6 . 3 5 w / o UO2 P e l l e t . As P o l i s h e d 

C o l d - S e t t m g P l a s t i c 

C e r a m i c P e l l e t 

F i g . 15 

Voids A p p e a r i n g m I r r a ­
d i a t ed T h 0 2 - 6 . 3 5 w / o UO2 
P e l l e t . Note r e t e n t i o n of 
c e r a m i c by m o u n t i n g m a ­
t e r i a l . As P o l i s h e d 

29294 250X 
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Uran ium-F i s s ium Alloy: The u ran ium-5 w/o f issium alloy is the 
EBR-II Core I reference alloy. This m a t e r i a l is injection cast and con­
s i s t s of pa r t i c les of U2RU in a m a t r i x of alpha and gamma uran ium. Samples 
of this m a t e r i a l a re polished for one-half hour on the 1-micron cloth, 
etched 10 sec in the solution indicated in Table I, and repolished on 
1-micron for one-half hour . The specimens a re final polished with 

-|--micron diamond abras ive on microcloth from one to two hour s . Re­
sults of this procedure a re shown in F igure I6 . 

Table I 

ETCHANTS EMPLOYED IN THE METALLOGRAPHIC EXAMINATION OF IRRADIATED ALLOYS 

Etchant Composition 

1 part (100 ml chromic acid in 100 ml of waterl -
18 parts acetic acid 

4 parts phosphoric acid - 5 parts ethyl alcohol -
4 parts ethylene glycol 

2 parts sulfuric acid - 1 part phosphoric acid -
2 parts water 

10 parts nitric acid - 10 parts lactic acid -
1 part hydrofluoric acid 

10 parts citric acid - 1 part nitric acid 

100 parts water - 10 parts sodium hydroxide 

1 part (100 ml potassium dichromate, 2 ml sodium 
chloride, 10 ml sulfuric acid) - 9 parts water 

Alloys 

U-Mo 

U-Fs, Th-U, U-Zr 

Th-U 

U-Zr 

U-Mo, U-Zr-Nb 

Al-U 

Ag-ln-Cd 

Time 

1-2 min 

1-2 min 

2 sec 

5-15 sec 

1/2-1 min 

10-15 sec 

10-15 sec 

Volts' 

10 

10 

10 

Swab Etch 

15-20 

Swab Etch 

Swab Etch 

•Platinum anode and stainless steel cathode 

27555 500X 

Fig. 16. Uranium-5 w/o F i s s ium Alloy after Approximately 
Two-sec I r radia t ion at 1000°C. Etchant: 5 pa r t s 
ethyl alcohol, 4 pa r t s ethylene glycol, and 4 pa r t s 
phosphoric acid. 
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A l u m i n u m - U r a n i u m Al loy: An a l u m i n u m - I 7.4 w / o u r a n i u m - 1 w / o 
n i c k e l , c l ad wi th X - 8 0 0 1 a l u m i n u m a l loy , was u s e d as the fuel for the 
S L - 1 r e a c t o r . The m a t r i x con t a i n s v a r i o u s aluminunn c o m p o u n d s and, 
h e n c e , i s diff icul t to r e m o t e l y p o l i s h and ob t a in a s c r a t c h - f r e e s u r f a c e . 
S a m p l e s of t h i s m a t e r i a l a r e p o l i s h e d for one -ha l f hou r wi th 1 - m i c r o n 
d i a m o n d a b r a s i v e on s i lk c lo th , s w a b - e t c h e d wi th 10% NaOH for 10 s e c , 
and r e p o l i s h e d on the 1 - m i c r o n c lo th for one -ha l f h o u r . The above 
p r o c e d u r e i s once m o r e r e p e a t e d . The s p e c i m e n s a r e f inal p o l i s h e d 
f r o m one to two h o u r s on Selvyt c lo th u s i n g AB M a g o m e t c o m p o u n d . A 
d i s c of p l e x i g l a s s is i n s e r t e d b e t w e e n the c lo th and the p o l i s h i n g l ap to 
p r e v e n t c o r r o s i o n of the a l u m i n u m . The r e s u l t s of u s i n g t h e s e p o l i s h i n g 
s t e p s a r e i l l u s t r a t e d in F i g u r e s 17 and 18. 

*» 

•-^r 

^ 

28514 50X 

F i g . 17. M i c r o s t r u c t u r e of I r r a d i a t e d 
A l u m i n u m - 1 7.4 w / o U r a n i ­
u m - 1 w / o N icke l Al loy . 
As P o l i s h e d 

S i l v e r - I n d i u m - C a d m i u m Al loy: An 80 w / o s i l v e r - 1 5 w / o 
i n d i u m - 5 w / o c a d m i u m a l loy was u s e d a s an e x p e r i m e n t a l c o n t r o l rod 
m a t e r i a l . The a l loy as p r e p a r e d is a s o l i d - s o l u t i o n a l loy . (10) I r r a d i a ­
t i on , h o w e v e r , c a u s e s the p r e c i p i t a t i o n of t in by the t r a n s m u t a t i o n of 
i n d i u m , and t h e r e b y n e c e s s i t a t e s c a r e f u l p o l i s h i n g p r o c e d u r e s in o r d e r 
to r e t a i n t h e s e i n c l u s i o n s for i den t i f i ca t ion . The p r o c e d u r e adop ted c o n ­
s i s t e d of s e v e r a l e t c h - p o l i s h s t e p s to r e m o v e the l a r g e a m o u n t of f lowed 
m e t a l r e s u l t i n g f r o m the e x t r e m e so f tnes s of the a l loy . The s a m p l e s a r e 
p o l i s h e d for o n e - h a l f hou r with 1 - m i c r o n d i a m o n d compound on s i l k c lo th . 
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s w a b - e t c h e d for 2 s e c wi th p o t a s s i u m d i c h r o m a t e so lu t i on ( s ee T a b l e I) , 
and r e p o l i s h e d on the 1 - m i c r o n c lo th . The above p r o c e d u r e i s r e p e a t e d . 
The s a m p l e s a r e f inal p o l i s h e d for one -ha l f hou r wi th L m d e A on s i lk 
c lo th and for o n e - h a l f hou r with L m d e B on s i l k v e l v e t . The r e s u l t of 
u s i n g t h i s p r o c e d u r e i s shown in F i g u r e 19. 

.iij. .̂f̂ ' 
sn^ 

- *̂ * ,'* i J -
.mm S 

Fig. 18 

Voids in Aluminum-18 w/o 
Uranium-1 w/o Nickel 
Alloy. As Polished. 

26535 SOX 

Fig. 19 

Microstructure of Irradiated 80 w/o 
Silver-15w/oIndium-5 w/oCadmium. 
Etchant: 1 part (100 cc K2Cr207-
2 cc NaCl-10 cc H2SO4) plus 9 parts 
water. 

28520 500X 



Uranium-Zirconium-Niobium Alloy: The majori ty of specimens 
examined in the metal lographic facility have been from EBWR. The fuel 
in this r eac to r is u ran ium-5 w/o z i rconium-1.5 w/o niobium alloy clad 
with Zi rca loy-2 . The p re i r rad ia t ion heat t r ea tment for this ma te r i a l con­
s i s t s of a gamma soak at 825°C, an i so thermal quench and holding at 640°C 
for 23 hr , followed by air cooling.! ^^z This ma te r i a l is polished in the 
conventional manner : 1 hr on silk cloth with 1-micron diamond abras ive , 
and 1 hr on microcloth using-4-^micron diamond compound. Results of an 
examination of this alloy with increas ing burnup a re shown in F igure 20. 

ETCHING 

Specimens are etched by the same methods used in conventional 
metal lography although the e lec t rochemica l etch is most commonly em­
ployed. Electrolyt ic etching is performed with ei ther a platinum touch 
wire or a back connection. The touch wire is used whenever the size of 
the specimen prohibits the obtaining of a back connection with the p resen t 
mounting technique (see F igure 7). In ei ther ca se , the specimen is etched 
in the required solution in a Pyrex dish containing a s ta inless s teel cathode. 
The length of the etching period is p rede te rmined with s imi la r samples of 
uni r rad ia ted m a t e r i a l . The etchants which a re used for a var ie ty of alloys 
a r e given in Table I. 

The etching solut ions, when exhausted, a r e put into a la rge plast ic 
j a r for s to rage . When the total solution reaches a specified level, the con­
tents of the jar a r e neutral ized with sodium hydroxide. This neutra l solu­
tion is absorbed with vermicul i te , and the j a r and contents a re then placed 
in a waste container . 

EXAMINATION 

The etched or unetched specimen is t r ans fe r r ed and inser ted into 
the metal lograph t rans fe r system shown in F igures 21 and 22. The original 
sequence of operat ions consisted of the following s teps : 

1. The stage was ra i sed e lec t r ica l ly to the top of its t r ave l . (None 
of the t ransfe r mechanism motions could be initiated until this point was 
reached.) 

2. The sample was placed in the specimen holder and the 
"in" switch was activated. 

3. The specimen was shuttled through the cave wall into the 
shielded metallograph'-^^ outside the cell by means of a chain d r ive . 

4. The specimen was inverted as the ent i re t ransfe r sys tem turned 
over and positioned the specimen into a hole in the microscopic s tage . 

5. A microswi tch was activated automatical ly at this point to lower 
the stage so that the specimen dropped free of the cup. 
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6. A n o t h e r m i c r o s w i t c h was a c t i v a t e d by the s t a g e , c a u s i n g the 
t r a n s f e r s y s t e m to r e t r e a t to a point m i d w a y in the cave w a l l . (No new 
s p e c i m e n s could be i n s e r t e d whi le the s y s t e m was in t h i s pos i t i on . ) 

7. The s p e c i m e n was r e m o v e d by the r e v e r s e of t h i s p r o c e d u r e . 

25269 U n i r r a d i a t e d 

(a) 

250X 25003 0.017 a / o B u r n u p 

(b) 

250X 

24883 0.088 a / o B u r n u p 250X 24292 
(c) 

0.11 a / o B u r n u p 

(d) 
250X 

F i g . 20. Effect of I r r a d i a t i o n on M i c r o s t r u c t u r e of U r a n i u m - 5 w / o 
Z i r c o n i u m - 1 . 5 w / o Niob ium Al loy . E t c h a n t : 5% C i t r i c 
Acid , 0.5% N i t r i c Ac id . 
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DRIVE MOTOR-

141-1001 

F i g . 2 1 . S p e c i m e n T r a n s f e r S y s t e m 

CHAIN DRIVE 

POSITIONING MICRO 

SWITCHES 

DRIVE MOTOR 

141-1003 

F i g . 22. T r a n s f e r M e c h a n i s m in I n v e r t e d P o s i t i o n 

The above s y s t e m w o r k e d qui te conven i en t l y but , when one i t e m 
fa i led , the d e t e r m i n a t i o n of the c a u s e for the ma l func t ion u s u a l l y involved 
l eng thy p e r i o d s of i n v e s t i g a t i o n , r e s u l t i n g in a b r e a k d o w n of the m o s t i m ­
p o r t a n t p o r t i o n of the m e t a l l o g r a p h i c i n v e s t i g a t i o n . In add i t ion , the l i m i t 
s w i t c h e s which c o n t r o l l e d the o p e r a t i o n a l s e q u e n c e s did not funct ion 
a d e q u a t e l y , and the r e a d j u s t m e n t of t h e s e s w i t c h e s r e l a t i v e to t h e i r 
o r i g i n a l p o s i t i o n s i n c u r r e d m a n y leng thy d e l a y s . 



This t ransfer sys tem was a l tered, therefore , to place more re l iance 
on manual operation and to effect more posit ive insert ion and removal of 
specimens . The p resen t method i l lus t ra tes only what has been done with 
the existing setup to date, and does not indicate that some more refined 
technique is not feasible. In fact, it may be considered as an in termediate 
development stage. 

In the latest a l terat ion, all e lec t r ica l controls and limiting switches 
have been eliminated. The basic operat ional sequences have been retained 
except that the specimen is loaded onto a permanent magnet and cranked by 
hand through the cave wall into the shielded metal lograph. The sys tem is 
inverted and the specimen is positioned into the hole in the stage as before. 
The t ransfer sys tem is withdrawn and the sample is easily detached from the 
magnet. The stage up-and-down motions a r e controlled by a two-way switch 
which is activated manually. The specimen is removed by the r e v e r s e of 
the procedure . 

The period of t ime allowed for examination var ies with each speci­
men because of the differences in oxidation ra tes of the polished surfaces . 
A par t i cu la r specimen may oxidize while the examination is in p r o g r e s s . 
If this is the case , the examination must be completed before proceeding 
to the succeeding specimen. The microphotograph negatives of the des i red 
fields a r e developed immediate ly before removing the specimen from the 
stage. When such a situation a r i s e s , the microscope objective is removed 
in order that browning of the lens does not occur. The specimens can be 
examined at magnifications ranging from 50 to 1500X. 

MACROSCOPY 

The basic objective of macroscopic examination is to detect possible 
defect a r e a s , and, hence, to determine whether further microscopic invest i ­
gation is warranted . A commerc ia l s tereobinocular m i c r o s c o p e , ^ / 
available for remote use and capable of magnifications from 4 to 38X, is 
generally used for scanning the samples , while an Argonne-developed 
m a c r o c a m e r a ^ ^ ' ^ / with a magnification range of-|- to 4X is available to 
obtain composite photographs of l a rge r objects. 

The var ie ty of steps involved in prepar ing a group of specimens 
for examination is typified by a recent examination of some wi re - re in forced 
Th02-U02 pel lets enclosed in Zi rca loy-2 tubing. Since the exact position 
of the pel lets in the tubing could not be accurate ly determined by external 
appearance , autoradiographs were made by placing the assembly against 
a piece of X- ray film enclosed in protect ive plast ic sheathing. The exposed 
films were then developed, and the position of each pellet in the tube was 
ascer ta ined from the autoradiographs . The tubing was cut near the center 
of each pellet with a tubing cut ter , with the pellet f ractur ing at the cut 
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s u r f a c e . The f r a c t u r e d p e l l e t s w e r e loaded in a s p e c i a l h o l d e r d e s i g n e d 
to m a i n t a i n the s u r f a c e of the p e l l e t l e v e l r e l a t i v e to the m i c r o s c o p i c 
s t a g e and e x a m i n e d . The r e s u l t s of the s t e r e o b i n o c u l a r m i c r o s c o p e 
e x a m i n a t i o n a r e i l l u s t r a t e d in F i g u r e s 2 3 - 2 5 . 

25730 

F i g . 2 3 . S t e r e o p h o t o g r a p h Showing Effect of I r r a d i a t i o n 
on W i r e - r e i n f o r c e d T h 0 2 - U 0 2 P e l l e t 

4X 

25726 6X 

F i g . 24. S t e r e o p h o t o g r a p h Showing Effect of I r r a d i a t i o n 
on T h 0 2 - U 0 2 P e l l e t 
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Z5728 13X 

F i g . 25 . S t e r e o p h o t o g r a p h Showing Effect of I r r a d i a t i o n 
on W i r e - r e i n f o r c e d ThOz-UOz P e l l e t 

The a m o u n t of p r e p a r a t i o n p r e l i m i n a r y to us ing the m a c r o c a m e r a 
i s not a s invo lved a s t ha t r e q u i r i n g the u t i l i z a t i o n of the s t e r e o b i n o c u l a r 
m i c r o s c o p e . The s a m p l e s a r e g e n e r a l l y l a r g e r fuel p l a t e s o r fuel r o d s 
wh ich a r e loaded d i r e c t l y on the m i c r o s c o p e s t a g e and p h o t o g r a p h e d . The 
r e s u l t s of the p h o t o g r a p h y of an i r r a d i a t e d a l u m i n u m a l l o y - c l a d a l u m i n u m -
u r a n i u m a l loy fuel p l a t e , u t i l i z i ng both the s t e r e o b i n o c u l a r m i c r o s c o p e 
and the m a c r o c a m e r a , a r e shown in F i g u r e s 26 and 27 . 

CONTAMINATION C O N T R O L AND M A I N T E N A N C E 

It w a s o r i g i n a l l y thought t ha t d e c o n t a m i n a t i o n and m a i n t e n a n c e of 
the f ac i l i t y and a s s o c i a t e d e q u i p m e n t would p e r m i t o p e r a t i o n of the 
f ac i l i t y for only about half t he a v a i l a b l e t i m e . T h i s e s t i m a t e w a s not f a r 
f r o m w r o n g . F r e q u e n t r e p a i r s to e q u i p m e n t w e r e n e c e s s a r y in a c c o r d a n c e 
with the n o r m a l e v o l v e m e n t of new t e c h n i q u e s . In add i t ion , the c o n t r o l 
and d i s p o s a l of r a d i o a c t i v e w a s t e p r e s e n t e d v a r i o u s d i f f icu l t i es and e x ­
e r t e d g r e a t e r inf luence o v e r the con t inuous o p e r a t i o n of the f ac i l i t y t han 
the e q u i p m e n t . 
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26111 A 2X 26122 B 4X 
Fig. 26. Cladding Defect in Irradiated Aluminum Alloy-clad Aluminum-Uranium Alloy Fuel Plate as 

Pictured by Macrocamera (A) and by Stereobinocular Microscope (B). 
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Fig. 27. Macrophotograph Showing Spalling of Scale at Hot End (Right) of Irradiated Aluminum 
Alloy-clad Aluminum-Uranium Alloy Fuel Plate. 



The or iginal layout of the cave (see F igure 2) allowed for the 
segregat ion of equipment according to the re la t ive r e l ease of radioact ive 
was te . In agreement with this philosophy, the grinding and sectioning 
opera t ions were confined to the left cel l , the polishing and etching ope ra ­
tions to the middle cel l , and the optical ins t ruments were placed in the 
right cel l . Flow of a i r in the cave was d i rec ted from the optical cel l to 
the grinding cell in o rde r to pro tec t the optical equipment and to prevent 
c r o s s contamination in the polishing and grinding opera t ions . 

The grinding cell has p resen ted the most difficulties regard ing 
decontaminat ion and r epa i r in compar i son to the other two ce l l s . Although 
the containment of radioact ive waste has been effective, the buildup of 
activity on p a r t s of the grinding and sectioning machines has been of such 
extent as to prohibit the entry of personnel for main tenance . Whenever 
r e p a i r s were n e c e s s a r y , the ent i re cell operat ion had to be suspended, and 
decontaminat ion p rocedu re s were init iated before r e s to ra t ion could be 
effected. In fact, the radia t ion background was so high that per iods of 
from four to six weeks of inactivi ty were requ i red for minor r e p a i r s to 
an ins t rument . These r e p a i r s were usual ly in the e l ec t r i ca l c i r cu i t s , which 
were not readi ly access ib le to r emote main tenance . In o rde r , t he re fo re , 
to allow continuous operat ion of the cave, the sectioning equipment has been 
moved to h ighe r - l eve l caves which have bet ter access ib i l i ty for h igh- level 
decontaminat ion. The sectioning opera t ions a re not intended to be excluded 
indefinitely from the meta l lography cave, but will be r e sumed once a s y s ­
t em is developed to which a l te ra t ions can be made remote ly and which can 
be economical ly scrapped if r equ i red . 

Probably the mos t impor tant factor in providing sufficient con­
taminat ion control is "good housekeeping." This can be made m o r e effec­
t ive by using white paint for the protec t ion of equipment and handling 
dev ices . Not only does the white background c rea t e the impres s ion of 
c l ean l ines s , but it a lso faci l i ta tes the location of radioact ive waste and 
s e r v e s as a light ref lector for be t t e r viewing condit ions. I tems of equip­
ment which have been pro tec ted from contamination by paint a r e cleaned 
before r emova l from the cel l by remote ly s t r ipping the paint with a sui t ­
able solvent . Small handling devices which a r e not conveniently painted 
because of the i r frequent contact with solvents or acids a re decontaminated 
u l t rason ica l ly in the same manner used for removing polishing and gr ind­
ing waste from the meta l lographic spec imens . 

The manner in which the work benches a r e pro tec ted from con­
taminat ion has undergone a cons iderable number of changes . Original ly, 
b a r e tab les of s t a in le s s s tee l we re used for the handling of radioac t ive 
m a t e r i a l , the decontaminat ion of the surface being an easy m a t t e r through 
the use of rus t r e m o v e r . The cleaning of these su r f aces , however , sp read 
activi ty in the cel l due to the t r anspor t a t ion of fine par t icu la te m a t t e r by 
the vapors from the acids and so lven t s . 



The best combination for surface protect ion proved to be that of 
cheesecloth and Pyroxcote . ( l ^) In this method, a thin layer of Pyroxcote 
is applied to the surface of the table with a paint brush , a sheet of cheese ­
cloth is laid over this wet surface , and a second layer is applied to the top 
of the cheeseclo th . Approximately-2--hr drying t ime is allowed, after which 
a final layer of Pyroxcote is applied to the cheesecloth in o rder to make it 
impervious to liquids or radioact ive was te . When it becomes n e c e s s a r y to 
clean the table , the cheesec lo th -Pyroxco te combination is painted over r e ­
motely with a paint b rush in o rde r to fix any loose contamination. This 
protect ive surface is then eas i ly s t r ipped from the table and d iscarded into 
a so l id -ac t ive -was te conta iner . 
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