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PACIFIC NORTHWEST LABORATORY 

MONTHLY REPORT TO THE 

NUCLEAR RESEARCH AND APPLICATIONS DIVISION 

FOR AUGUST 1976 

STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

A t  Hanford, strontium i s  separated from the high- level  waste, 
then converted t o  the fluoride, and doubly encapsulated i n  small, 
high-integrity containers for subsequent long-term storage. The 
fluoride conversion, encapsulation and storage take place i n  the 
Waste Encapsulation and Storage Faci l i t i es  (WESF). This encapsu- 
lated strontiwn fluoride represents an economical source of 
i f  the WESF capsule can be licensed for heat source applications 
under anticipated use conditions. The object ives  of t h i s  program 
are t o  obtain the data needed t o  license ~ O S ~ F Z  heat sources and 
spec i f ica l ly  the WESF 9OsrF2 capsules. The information needed 
for licensing can be divided i n t o  three general areas: 

I. Long-term SrF2 compatibi l i t y  data. 
2. Chemical and physical property data on ~ O S ~ F ~ .  
3. Capsule property data such as external corrosion resistance,  

crush strength,  e tc .  

The current program i s  designed t o  provide the required information. 

LONG-TERM COMPATIBILITY TESTS 

A l l  of t h e  c o m p a t i b i l i t y  t e s t s  a r e  c o n t i n u i n g  as scheduled. Oak Ridge 

Na t i ona l  Labo ra to r y  has completed t h e  m e t a l l o g r a p h i c  examinat ion o f  t h e  TZM 

specimens f rom t h e  1000-hr ' O S ~ F ~  c o m p a t i b i l i t y  t e s t s .  The es t imates  of 

meta l  a t t a c k ,  based on t h e  photomicrographs,  f o r  t h e  TZM specimens a r e  

p resen ted  i n  Tab le  1. The da ta  f o r  t h e  1000-hr n o n r a d i o a c t i v e  SrF2 t e s t s  

a r e  a l s o  shown i n  Tab le  1  f o r  comparison purposes. A t t a c k  o f  t h e  t e s t  

specimens c o n s i s t e d  e n t i r e l y  o f  chemical  a t t a c k ,  and t h e r e  was no i n d i c a -  

t i o n  o f  m i c r o s t r u c t u r a l  changes i n  any o f  t h e  specimens. 



TABLE 1. A t t a c k  of TZM Specimens Exposed t o  S t r o n t i u m  
F l u o r i d e  f o r  1000 h r  

Depth o f  Metal Af fected,(a)  mi ls -  

(b )  
WESF-Grade SrF2 - WESF ' " s~F  

Temperature, S / V  Ratio, . Change i n  fhange i n  
"C cm-1 Chemical At tack  M ic ros t ruc tu re  Chemical At tack  M ic ros t ruc tu re  

(a)  At tack  estimated from micrographs 
( b )  S /V  - the  t e s t  couples exposed metal surface t o  SrF2 volume r a t i o  
( c )  The 9 0 ~ r ~ 2  was spiked w i t h  ZrF4 and Z r  metal powder t o  s imulate decay product  

bu i ldup equ iva lent  t o  10 y r  decay 

The t e s t  r e s u l t s  show more a t t a c k  o f  t h e  TZM occu r red  i n  t h e  ' O S ~ F ~  

couples t han  i n  t h e  e q u i v a l e n t  non rad ioac t i ve  couples.  The da ta  a l s o  i n d i -  

c a t e  t h a t  decreas ing  t h e  metal sur face t o  9 0 ~ r ~ 2  volume r a t i o  (S/V) o f  t h e  

t e s t  couples r e s u l t s  i n  inc reased  TZM a t t a c k .  T h i s  i s  t o  be expected if 

i m p u r i t i e s  i n  t h e  g o ~ r ~ 2  a r e  a  p r i n c i p a l  cause o f  meta l  a t t a c k .  Meta l  

a t t a c k  d i d  n o t  appear t o  i nc rease  w i t h  exposure temperature;  and t h e  add i -  

t i o n  o f  ZrF4 and Z r  meta l  powder t o  t h e  9 0 ~ r ~ 2 ,  t o  s i m u l a t e  decay p roduc t  

bu i l dup ,  appeared t o  decrease meta l  a t t a c k  t o  a  marked degree. 



A t  600 and 800°C t h e  chemical  a t t a c k  of t h e  TZM c o n s i s t e d  p r i n c i p a l l y  

o f  p i t t i n g  and g r a i n  boundary a t t a c k  (see F i g u r e  1  ) .  A t  1000°C t h e  a t t a c k  

was more u n i f o r m  and g r a i n  boundary a t t a c k  was l e s s  apparent  ( F i g u r e  1 ) .  

A  meet ing was h e l d  on August 26-27, w i t h  members o f  t he  Nuc lear  Research 

and A p p l i c a t i o n s  D i v i s i o n  a t  Germantown t o  d iscuss  t h e  program and f u t u r e  

p lans.  A  formal b r i e f i n g  on program o b j e c t i v e s ,  work c u r r e n t l y  underway, 

and work scheduled f o r  FY-77-80 was presented.  

ADDITIONAL SHORT-TERM COMPATIBILITY TESTS 

The 4400-hr t e s t s  have been completed and t h e  couples sec t ioned .  The 

d u c t i  l e  c a s t  i r o n  and Hafna l  l o y  2525 spec-imens had co r r~p le te l y  r eac ted  w i t h  

t h e  SrF2 and c o u l d  n o t  be recovered.  V i s u a l  examinat ion o f  t h e  o t h e r  t e s t  

specimens i n d i c a t e d  t h a t  meta l  a t t a c k  was s i m i l a r  t o  t h a t  observed i n  t h e  

1500-hr t e s t s .  The specimens a re  now a t  Meta l log raphy  f o r  examinat ion.  

HASTELLOY C-4 CORROSION RESISTANCE 

Tes ts  a r e  underway t o  measure t h e  o x i d a t i o n  r e s i s t a n c e  and seawater 

c o r r o s i o n  r e s i s t a n c e  o f  H a s t e l l o y  C-4. The i n i t i a l  t e s t s  a r e  u t i l i z i n g  t h e  

a l l o y  i n  t h e  s o l u t i o n  hea t  t r e a t e d  fo rm w h i l e  subsequent t e s t s  w i l l  use 

specimens which have been t h e r m a l l y  aged a t  temperatures f rom 600 t o  1100°C 

f o r  v a r i o u s  t ime  pe r i ods .  S i m i l a r  t e s t s  a r e  p lanned us ing  H a s t e l l o y  S. 

The seawater c o r r o s i o n  t e s t s  a r e  be ing  c a r r i e d  o u t  a t  23°C u s i n g  

n a t u r a l  seawater w i t h  and w i t h o u t  a e r a t i o n .  Unwelded H a s t e l l o y  C-4 spec i -  

mens exposed t o  seawater s u f f e r e d  ve ry  s l i g h t  b u t  d e f i n i t e  we igh t  l osses  

i n i t i a l l y ;  b u t  a f t e r  about  350 h r  o f  exposure t h e  samples began t o  i nc rease  

i n  we igh t .  A f t e r  600 h r  o f  exposure sample we igh ts  had r e t u r n e d  t o  app rox i  

mate ly  t h e  o r i g i n a l  va lues .  Tes ts  a r e  a1 so underway u s i n g  TIG-welded 

H a s t e l l o y  C-4 specimens. A f t e r  120 h r  o f  exposure t o  seawater t h e  welded 

speci~nens have s u f f e r e d  about  t h e  same we igh t  l osses  as t h e  unwelded spec i -  

mens a f t e r  t h e  same exposure t ime.  O v e r a l l ,  t h e  c o r r o s i o n  da ta  i n d i c a t e  

t h a t  unaged H a s t e l l o y  C-4 i s  ve ry  r e s i s t a n t  t o  seawater a t t a c k .  However, 

metal  1  ograph ic  examinat ion o f  t h e  specimens wi 11 be needed t o  con f i rm t h i s  

conc lus ion .  





The 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  C-4 i s  be ing  measured a t  tempera- 

t u r e s  f rom 600 t o  1100°C i n  100°C increments.  Specimens heated i n  a i r  a t  

1000°C o r  l e s s  formed an adherent  ox i de  l a y e r  w i t h  a  corresponding we igh t  

inc rease .  F i g u r e  2 shows t h e  change i n  sample we igh t  as a f u n c t i o n  o f  t ime  

f o r  samples heated a t  600 and 1000°C. S i m i l a r  cu rves  were ob ta ined  f o r  

specimens heated a t  700, 800 and 900°C. 

The ox ide  formed on specimens heated a t  l l O O ° C  was n o t  adherent  and 

tended t o  f l a k e  o f f  a f t e r  reach ing  a c e r t a i n  t h i ckness .  Thus t h e  t e s t  

specimens showed an i n i t i a l  we igh t  g a i n  f o l l o w e d  by a we igh t  l o s s  a f t e r  

s c a l i n g  began. A f t e r  14 days exposure t h e  average we igh t  l o s s  p e r  sample 

was 5.45%. T h i s  corresponds t o  a  c o r r o s i o n  r a t e  o f  approx imate ly  0.2 cm/yr 

assuming u n i f o r m  a t t a c k  o f  t h e  metal  su r face .  

SPECIMEN SIZE, inches 
2 x 1 x 0.129 

0.001 1 I I I I I I 

0 2 4 6 8 10 12 14 
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FIGURE 2. The O x i d a t i o n  o f  H a s t e l l o y  C-4 i n  A i r  
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