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SUMMARY 

A l l  o f  t h e  rema in ing  c o m p a t i b i l i t y  t e s t s  a r e  proceeding as scheduled. Resu l t s  o f  t h e  

20,000-hr c o m p a t i b i l i t y  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF2 show t h a t ,  w i t h  one excep t ion ,  a t t a c k  

of t h e  specimens by t h e  SrF2 a f t e r  20,000 h r  i s  no g r e a t e r  than  a f t e r  6000 and 12,000 h r .  

The one excep t ion  i n v o l v e d  Haynes A l l o y  25 specimens t e s t e d  a t  1000°C. These t e s t  specimens 

e x h i b i t e d  i s o l a t e d  subsur face vo ids  t o  depths o f  0.025 i n . ,  a l though  t h e  general s u r f a c e  a t t a c k  

was o n l y  about  0.001 inches.  The cause o f  t h e  v o i d  f o r m a t i o n  has n o t  y e t  been determined. 

Tes ts  w i t h  H a s t e l l o y  S  and H a s t e l l o y  C-4 a t  600 t o  SOO°C f o r  2500 h r  show t h a t  o x i d a t i o n  

of t h e  two a l l o y s  adheres t o  t h e  p a r a b o l i c  r a t e  law.  Both a l l o y s  form adherent  o x i d e  l a y e r s  

over  t h e  temperature range o f  i n t e r e s t .  I n t e r g r a n u l a r  a t t a c k ,  p i t t i n g ,  and subsur face v o i d  

fo rmat ion  inc rease  s h a r p l y  w i t h  inc reased  o x i d a t i o n  temperature w i t h  b o t h  a l l o y s ,  and a t  800°C 

t h e  dep th  o f  meta l  e x h i b i t i n g  o x i d a t i o n  damage i s  severa l  t imes  g r e a t e r  than  t h e  th ickness  o f  

t h e  o x i d e  l a y e r .  
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A t  Hanford, strontiwn i s  separated from the high-level waste, converted t o  

the  f luoride,  and doubly encapsulated i n  small, high-integrity containers for sub- 

sequent l o n g - t e n  storage. The f luoride conversion, encapsulation, and storage 

take place i n  the  Waste Encapsulation and Storage F a c i l i t i e s  IWESFI. The encapsu- 

lated strontiwn f luoride represents an economical source of 'OSr i f  the WESF capsule 

can be licensed for heat source applications under anticipated use conditions. The 

object ives  o f  t h i s  progrm are t o  obtain the &to needed t o  l icense 9 0 ~ r ~ 2  heat 

sources and spec i f i ca l l y  the WESF 9 0 ~ r F 2  capsules. The information needed for 

l icensing can be divided i n t o  three general task areas: 

Task l - Chemical and PhysicaL Properties of 'Osrf2 
Task 2 - 9 0 ~ ~ ~ 2  Compatibility Studies 

Task 3 - Capsule Qual i f i ca t ion  and Licensing 

E f for t s  are proceeding concurrently on a l l  three tasks  t o  obtain the required 

information. 

TASK 1 - CHEMICAL AND PHYSICAL PROPERTIES OF ' O S ~ F  (H. T. Fu l lam) 

Complet ion o f  t h e  t h e o r e t i c a l  a n a l y s i s  o f  t h e  consequences o f  a ' O S ~ F ~  capsule r u p t u r e  i n  

an ocean environment has been delayed u n t i l  FY 1979. Unexpected c o s t s  r e l a t i n g  t o  maintenance 

o f  t h e  h o t  c e l l  i n  which t h e  long- te rm ' O S ~ F ~  c o m p a t i b i l i t y  t e s t s  a r e  being c a r r i e d  o u t  necer- 

s i t a t e d  t h e  de lay .  

TASK 2 - 'OS~F, COMPATIBILITY STUDIES (H. T. Ful lam) 

A l l  o f  t h e  rema in ing  c o m p a t i b i l i t y  t e s t s  a r e  proceeding as scheduled; comp le t ion  dates 

a r e  as f o l l o w s :  ( a  ) 

The 20,000-hr t e s t  w i t h  'OsrF2 w i l l  be completed by J u l y  15, 1978. 

The 30,000-hr t e s t  w i t h  'OsrF2 w i l l  be completed by September 6, 1979. 

The 30,000-hr t e s t  w i t h  n o n r a d i o a c t i v e  SrF2 w i l l  be completed by June 19, 1979. 

( a )  Complet ion dates assuming no a d d i t i o n a l  de lays  due t o  equipment problems. 
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The Oak Ridge N a t i o n a l  Labora to ry  has completed s e c t i o n i n g  o f  t h e  t e s t  capsules used i n  

t h e  12,000-hr t e s t s  w i t h  g 0 ~ r ~ 2 .  The meta l  t e s t  specimens were e a s i l y  removed f r o m  t h e  cap- 

su les ,  and v e r y  l i t t l e  o f  t h e  ' O S ~ F ~  adhered t o  t h e  specimens' su r faces .  Conversely, i n  t h e  

1000- and 6000-hr t e s t s  t h e  '1°srF2 adhered s t r o n g l y  t o  t h e  specimens' su r faces .  The p h y s i c a l  

d i f f e r e n c e s  observed among t h e  d i f f e r e n t  s e t s  of capsules may be due t o  a d d i t i o n a l  s i n t e r i n g  

o f  t h e  0°srF2 i n  t h e  12,000-hr capsules.  Oak Ridge N a t i o n a l  Labora to ry  has begun meta l  l o g r a p h i c  

examinat ion of t h e  c o m p a t i b i l i t y  specimens f rom t h e  12,000-hr t e s t s ,  as w e l l  as t e s t i n g  of t h e  

t e n s i l e  and Charpy specimens f rom t h e  t e s t s .  These a c t i v i t i e s  should be completed by t h e  end 

o f  t h e  f i s c a l  y e a r .  

The 20,000-hr t e s t s  w i t h  n o n r a d i o a c t i v e  SrF2 have been completed, and t h e  specimens exam- 

ined.  Es t imates  o f  meta l  a t t a c k ,  based on photomicrographs o f  t h e  specimens, a r e  p resen ted  i n  

Tab le  1. The r e s u l t s  o b t a i n e d  i n  t h e  s h o r t e r - d u r a t i o n  t e s t s  a r e  a l s o  i n c l u d e d  f o r  comparison 

purposes. E v a l u a t i o n  o f  t h e  d a t a  presented i n  Table 1  shows t h a t ,  except  f o r  two specimens, 

v e r y  l i t t l e  i n c r e a s e  i n  chemical a t t a c k  o f  t h e  specimens occur red  a f t e r  6000-hr exposure. 

The two specimens which s u f f e r e d  inc reased  a t t a c k  were Haynes A l l o y  25 specimens t e s t e d  a t  

1000°C. These specimens e x h i b i t e d  i s o l a t e d  subsur face vo ids  t o  a  cons iderab le  depth, a l though  

t h e  genera l  s u r f a c e  a t t a c k  was 1  i m i t e d .  Changes i n  a l l o y  m i c r o s t r u c t u r e ,  due t o  SrF2 a t t a c k ,  

remained e s s e n t i a l l y  cons tan t  a f t e r  6000-hr exposure, and i n  t h e  case o f  t h e  Haynes A l l o y  25 

may have decreased w i t h  exposures o f  more than  6000 h r .  

The H a s t e l l o y  C-276 specimens exposed t o  n o n r a d i o a c t i v e  SrF2 f o r  20,000 h r  s u f f e r e d  a  l i m -  

i t e d  chemical a t t a c k  a t  600°C t h a t  c o n s i s t e d  p r i m a r i l y  o f  a  genera l  s u r f a c e  a t t a c k  w i t h  forma- 

t i o n  o f  an adherent  r e a c t i o n  l a y e r .  Some i n t e r g r a n u l a r  a t t a c k  and subsur face v o i d  f o r m a t i o n  

TABLE 1. A t t a c k  o f  Meta l  Specimens Exposed t o  Nonrad ioac t i ve  s ~ F ~ ( ~ ' ~ )  

Tes t  Depth o f  Metal A f fec ted ,  m i l s  ( c )  

Metal Temperature Chemical A t t ack  
Tested O C  ) -- 

Hast C-276 600 
600 
800 
800 

1000 
1000 

Haynes 25 600 
600 
800 

T Z J  600 0 < 1 0 c 1 0  0  
600 < 1  < 1 0  0  
800 <1 < 1  < 1  < 1 0  0  
aoo < 1  < 1  < 1  < 1  o o 

1000 < 1 < 1  < 1  < 1  0  0 
1000 (1 < 1  < 1  < 1  0  0 

( a )  The SrFZ conta ined i m p u r i t i e s  approx imat ing  those found i n  WESF-produced ' P S ~ F ~ .  
( b )  Each t e s t  coup le  had a  metal  su r f ace  t o  f u e l  volume r a t i o  (S/V) o f  4.5 cm- . 
( c )  Est imated f rom specimen photomicrographs.  
( d )  Specimen e x h i b i t e d  i s o l a t e d  vo ids  t o  a  cons ide rab le  depth. 



was a l s o  i n d i c a t e d  (see F i g u r e  1 ) .  M i c r o s t r u c t u r a l  changes c o n s i s t e d  o f  an ex tens ive  s u r f a c e  

l a y e r  c o n t a i n i n g  i n t e r g r a n u l a r  p r e c i p i t a t e s  n o t  found i n  t h e  body o f  t h e  specimens. The chemi- 

c a l  a t t a c k  inc reased  a t  800°C, and t h e  a t t a c k  mechanism appeared t o  change f rom t h a t  observed 

a t  600°C. A t  800°C t h e  a t t a c k  c o n s i s t e d  o f  a  genera l  s u r f a c e  d i s s o l u t i o n  w i t h  some p i t t i n g ,  

i s o l a t e d  g r a i n  boundary a t t a c k ,  and subsur face v o i d  fo rmat ion .  M i c r o s t r u c t u r e  changes c o n s i s t e d  

o f  a  s u r f a c e  l a y e r  i n  which normal a l l o y  p r e c i p i t a t e s  were p a r t i a l l y  depleted.  A t  1000°C t h e  

chemical a t t a c k  c o n s i s t e d  o f  genera l  s u r f a c e  d i s s o l u t i o n  w i t h  some g r a i n  boundary a t t a c k  and 

e x t e n s i v e  v o i d  fo rmat ion .  M i c r o s t r u c t u r a l  changes c o n s i s t e d  o f  a  narrow s u r f a c e  l a y e r  c o n t a i n -  

i n g  f i n e l y  d ispersed  p r e c i p i t a t e s  n o t  found i n  t h e  body o f  t h e  specimen, and a  broad i n n e r  zone 

depl  e t e d  of normal a1 1  oy p r e c i p i t a t e s  . 
O v e r a l l ,  t h e  a t t a c k  o f  t h e  20,000-hr H a s t e l l o y  C-276 specimens was very  s i m i l a r  t o  t h a t  

observed w i t h  specimens t e s t e d  f o r  s h o r t e r  t i m e  per iods .  Th is  can be seen by r e f e r r i n g  t o  

F igures  2  and 3, which show specimens t h a t  had been t e s t e d  a t  600°C and 800°C f o r  1000 t o  

20,000 hours. A t  600°C a l l  o f  t h e  specimens e x h i b i t  t h e  same types o f  a t t a c k ,  and t h e  e x t e n t  

o f  a t t a c k  remains r e l a t i v e l y  cons tan t  a f t e r  6000 h r  exposure. L i kew ise ,  the  800°C specimens 

a l l  e x h i b i t  t h e  same t y p e  o f  a t t a c k  w i t h  l i t t l e  inc rease  i n  t h e  l e v e l  o f  a t t a c k  a f t e r  6000-hr 

exposure ( F i g u r e  3 ) .  S i m i l a r  r e s u l t s  were ob ta ined  w i t h  t h e  1000°C t e s t s .  

The Haynes A1 l o y  25 specimens exposed t o  n o n r a d i o a c t i v e  SrF2 a t  600°C s u f f e r e d  1  i m i  t e d  

chemical a t t a c k ,  b u t  no changes i n  a l l o y  m i c r o s t r u c t u r e  due t o  SrF2 a t t a c k  were observed (see 

F i g u r e  4).  The chemical a t t a c k  c o n s i s t e d  o f  a  genera l  s u r f a c e  a t t a c k  w i t h  f o r m a t i o n  o f  an 

adherent  r e a c t i o n  l a y e r .  A t  800°C t h e  chemical a t t a c k  c o n s i s t e d  o f  a  genera l  d i s s o l u t i o n  o f  

t h e  specimen s u r f a c e  w i t h  some p i t t i n g .  M i c r o s t r u c t u r a l  changes c o n s i s t e d  o f  a  narrow s u r f a c e  

l a y e r  d e p l e t e d  o f  normal a l l o y  p r e c i p i t a t e s  and a  t h i n  i n n e r  zone c o n t a i n i n g  i r r e g u l a r  d i s c r e t e  

p r e c i p i t a t e s  n o t  found i n  t h e  body o f  t h e  specimen. The 1000°C Haynes A l l o y  25 specimens e x h i -  

b i t e d  i s o l a t e d  subsur face v o i d s  t o  a  depth o f  0.025 i n . ,  b u t  except  f o r  t h e  v o i d  fo rmat ion ,  

t h e y  e x h i b i t e d  o n l y  a  1  i m i  t e d  genera l  s u r f a c e  a t t a c k  (about  0.001 i n .  ) . M i c r o s t r u c t u r a l  changes 

c o n s i s t e d  o f  a  broad s u r f a c e  l a y e r  d e p l e t e d  o f  normal a l l o y  p r e c i p i t a t e s .  

I n  genera l ,  t h e  Haynes A l l o y  25 specimens exposed t o  SrF2 f o r  20,000 h r  s u f f e r e d  t h e  same 

types  o f  a t t a c k  as corresponding specimens t e s t e d  f o r  s h o r t e r  t i m e  per iods .  Except f o r  t h e  

specimens t e s t e d  a t  1000°C f o r  20,000 h r ,  t h e  a t t a c k  o f  t h e  Haynes A l l o y  25 specimens remained 

r e l a t i v e l y  cons tan t  a f t e r  6000-hr exposure. 

The TZM specimens exposed t o  n o n r a d i o a c t i v e  SrF2 f o r  20,000 h r  s u f f e r e d  l i m i t e d  chemical 

a t t a c k  (see F i g u r e  5 )  which inc reased  s l i g h t l y  w i t h  inc reased  exposure temperature. The t y p e  

o f  a t t a c k  appears t o  be t h e  same a t  a l l  t h r e e  temperatures and a p p a r e n t l y  i n v o l v e s  s u r f a c e  d i s -  

s o l u t i o n .  The a l l o y  m i c r o s t r u c t u r e  seems t o  be u n a f f e c t e d  a t  t h e  lower  t e s t  temperatures, b u t  

a t  1000°C i t  appears t h a t  some r e c r y s t a l l i z a t i o n  o f  molybdenum has occur red  a t  t h e  specimens' 

surfaces. O v e r a l l ,  t h e  TZM specimens exposed t o  SrF2 f o r  20,000 h r  e x h i b i t  t h e  same types and 

l e v e l s  of a t t a c k  as t h e  specimens t e s t e d  f o r  6@00 t o  12,000 h r .  

Based on t h e  r e s u l t s  ob ta ined  t o  date,  i t  appears t h a t  a t t a c k  o f  t e s t  specimens exposed t o  

SrF2 a t  600 t o  1000°C proceeds q u i t e  r a p i d l y  d u r i n g  t h e  f i r s t  few thousand hours o f  exposure 

and then  remains r e l a t i v e l y  cons tan t  t h e r e a f t e r .  The r e s u l t s  i n d i c a t e  t h a t  t h e  a t t a c k  observed 

i s  due p r i m a r i l y  t o  i m p u r i t i e s  i n  t h e  SrF2 t h a t  a r e  consumed i n  a  r e l a t i v e l y  s h o r t  p e r i o d  of 

t ime .  
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FIGURE 1. Haste l loy  C-27 

A 

,500x 
a002 in. I 

AS-POL1 SHED 

'6 Specimens Exposed t o  Nonradioact ive 

a 

, 500x 
am in. 

'F2 f o r  20,000 h r  



500x ' 0.002 in. I 
, 500x 

0.002 in. I 
1500x , 

0.002 in. 

AS-POLISHED 

FIGURE 2. Hastelloy C-276 Specimens Exposed to Nonradioactive SrF2 at 600°C 
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FIGURE 3.  Hastelloy C-276 Specimens Exposed to Nonradioactive SrF2 at 800°C 
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FIGURE 4 .  Haynes Al loy  25 Specimens Exposed t o  Nonradioactive SrF2 f o r  20,000 hr  
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FIGURE 5. TZM Specimens Exposed t o  Nonradioactive SrF2 f o r  20,000 hr 



TASK 3 - CAPSULE QUALIFICATION AND LICENSING (D. G. A t t e r i d g e )  

Capsule Design 

Work i s  c o n t i n u i n g  on t h e  e v a l u a t i o n  o f  t h e  P a c i f i c  Nor thwest  Labora to ry  (PNL) o u t e r  

capsu le  design. Severa l  A I S I  1018 s t e e l  p r o t o t y p e  t e s t  capsules a r e  being f a b r i c a t e d  i n  

o r d e r  t o  a l l o w  exper imenta l  t e s t i n g  o f  t h e  p r e l i m i n a r y  design. The s t e e l  capsules w i l l  be 

t e s t e d  as  s tand- ins  f o r  thermal ly-aged H a s t e l l o y  S, and w i l l  be s u b j e c t e d  t o  t h e  e x t e r n a l  

p ressure  t e s t  (1000 b a r ) ,  t h e  d rop  t e s t  (30 f t ) ,  and t h e  punc tu re  t e s t .  

A s t e e l  capsule we ld ing  parameter s tudy  was i n i t i a t e d  t h i s  q u a r t e r  and has progressed t o  

t h e  s tage where t e s t  specimen we ld ing  i s  imminent. The main d i f f i c u l t y  encountered t o  d a t e  

has been t h e  need f o r  a  we ld ing  f i x t u r e  t h a t  c o u l d  h o l d  and r o t a t e  l a r g e  d iameter  t h i c k - w a l l  

t u b i n g .  We were a b l e  t o  mod i fy  an e x i s t i n g  tube-weld ing f i x t u r e  and now have a dev ice  t h a t  

w i l l  h o l d  and r o t a t e  t h e  capsule a t  a  c o n t r o l l e d  r a t e  under a c o n t r o l l e d  p o s i t i o n i n g  TIG weld- 

i n g  t o r c h .  The mechanical p r o p e r t y  specimens needed t o  c h a r a c t e r i z e  t h e  A IS I  1018 s t e e l  were 

a l s o  f a b r i c a t e d  t h i s  q u a r t e r .  

A s i t e  has been s e l e c t e d  f o r  t h e  30- f t -d rop  t e s t ,  and t h e  r e q u i r e d  concre te  and s t e e l  pad 

i s  now be ing  i n s t a l l e d .  I t  i s  c u r r e n t l y  planned t h a t  a l l  t e s t i n g  o f  t h e  A IS I  1018 s t e e l  p r o t o -  

t y p e  o u t e r  capsules w i l l  be completed by t h e  end o f  t h e  f i s c a l  year .  

The r e p o r t  p r e s e n t i n g  t h e  o u t e r  capsule des ign  r a t i o n a l e  and t h e  r e s u l t s  o f  t h e  computer 

s i m u l a t i o n s  used t o  e v a l u a t e  t h e  o u t e r  capsule des ign  has been submi t ted  t o  Advanced Systems 

and M a t e r i a l s  Produc t ion  D i v i s i o n  f o r  rev iew.  

Cor ros ion  Resis tance o f  H a s t e l l o y  S and H a s t e l l o y  C-4 (H.  T. Fu l lam) 

The l o n g - t e n  t e s t s  t o  eva lua te  t h e  o x i d a t i o n  r e s i s t a n c e  o f  H a s t e l l o y  S and H a s t e l l o y  C-4 

a t  6 0 0 - t o  800°C a r e  c o n t i n u i n g .  Over t h e  temperature range studied,  b o t h  a l l o y s  fo rm adherent  

o x i d e  l a y e r s .  The r e s u l t s  o f  t e s t s  w i t h  b o t h  a l l o y s  l a s t i n g  up t o  2500 h r  show t h a t  inc reases  

i n  specimen we igh t  due t o  o x i d a t i o n  f o l l o w  t h e  p a r a b o l i c  r a t e  law (see F igures  6 and 7 ) .  

EXPOSURE TIME, hr 

0.20 

FIGURE 6. Weight Gain o f  H a s t e l l o y  S Specimens Exposed 
t o  A i r  i n  a  M u f f l e  Furnace a t  600 t o  800°C 
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FIGURE 7.  Weight Gain o f  H a s t e l l o y  C-4 Specimens Exposed 
t o  A i r  i n  a  Muf f1  e  Furnace a t  600 t o  800°C 

However, meta l  l o g r a p h i c  examinat ion o f  t h e  v a r i o u s  2500-hr t e s t  specimens shows t h a t ,  w h i l e  

t h e  o x i d e  l a y e r s  formed a r e  r e l a t i v e l y  u n i f o r m  ac ross  t h e  specimens' su r faces ,  i n t e r g r a n u l a r  

a t t a c k ,  p i t t i n g ,  and subsurface v o i d  f o r m a t i o n  inc reases  s h a r p l y  w i t h  inc reased  exposure 

temperature ( F i g u r e s  8  and 9) .  A t  800°C each a l l o y  e x h i b i t e d  o x i d a t i o n  damage t o  a  depth 

t h a t  was severa l  t imes  g r e a t e r  than  t h e  th ickness  o f  t h e  o x i d e  l a y e r .  The g r a i n  boundary 

a t t a c k  and v o i d  fo rmat ion  a t  800°C was much g r e a t e r  i n  t h e  2500-hr specimens than  i n  t h e  1000- 

h r  specimens. T e n s i l e  specimens of each a l l o y ,  which were o x i d i z e d  f o r  1000 o r  2500 h r  a t  

each temperature, a r e  now be ing  eva lua ted  t o  determine t h e  e f f e c t s  o f  o x i d a t i o n  on t h e  t e n s i  1  e  

p r o p e r t i e s  of t h e  a l l o y s .  

Long-term t e s t s  a r e  underway t o  measure t h e  r e s i s t a n c e  o f  H a s t e l l o y  S  and H a s t e l l o y  C-4 

t o  c o r r o s i o n  by seawater.  The t e s t s  a r e  be ing  c a r r i e d  o u t  i n  f l o w i n g  n a t u r a l  seawater a t  ambi- 

e n t  temperature.  T e n s i l e  and p res t ressed  specimens a r e  be ing  t e s t e d  i n  a d d i t i o n  t o  t h e  s tand-  

a r d  c o r r o s i o n  coupons. I n i t i a l  r e s u l t s  of t h e  t e s t s ,  up t o  1000-hr exposure, i n d i c a t e  v e r y  

l i t t l e  a t t a c k  of t h e  two a l l o y s .  The maximum we igh t  l o s s  observed w i t h  t h e  H a s t e l l o y  S spec i -  

mens was o n ? y  0.007 mg/cmZ, w h i l e  t h e  H a s t e l l o y  C-4 specimens s u f f e r e d  a  maximum we igh t  l o s s  
2  o f  0.06 mg/cm . M e t a l l o g r a p h i c  examinat ion of t h e  H a s t e l l o y  S  specimens p r o v i d e d  no v i s u a l  

ev idence o f  a t t a c k ,  w h i l e  t h e  H a s t e l l o y  C-4 specimens e x h i b i t e d  v e r y  s l i g h t  a t t a c k  (see 

F i g u r e  10) .  



FIGURE 8. Hastelloy S Specimens Heated in Air for 2500 hr 



AS-POLISHED 

ETCHED 

FIGURE 9. Hastelloy C-4 Specimens Heated i n  A i r  f o r  2500 hr 
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FIGURE 10. H a s t e l l o y  S and H a s t e l l o y  C-4 Tes t  Coupons Exposed t o  
F lowing Natu ra l  Seawater a t  Ambient Temperatures 
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