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PACIFIC NORTHWEST LABORATORY 

MONTHLY REPORT TO THE 

NUCLEAR RESEARCH AND APPLICATIONS DIVISION 

FOR APRIL 1976 

STRClNT IUM HEAT SOLIRCE 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 ies  (WESF). This encapsu- 
lated strontium fluoride represents an economical source of 90Sr 
i f  the WESF capsule can be licensed for heat source applications 
under anticipated use conditions. The objectives of t h i s  program 
are t o  obtain the data needed t o  license ~ O S ~ F ~  heat sources and 
specifically the WESF 9 0 ~ r ~ 2  capsu les.  The information needed 
for licensing can be divided in to  three general areas: 

1. Long-term SrF2 compatibility data. 
2. Chemical and physical property data on 9 0 ~ r ~ 2 .  
3. Capsule property data such as external corrosion resistance, 

c m s h  strength, etc.  

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

LONG-TERM COMPATIBILITY TESTS 

The long-term c o m p a t i b i l i t y  t e s t s  a re  con t i nu ing  as scheduled. The 

1000-hr t e s t s  have been completed and t h e  couples are now being 

sectioned. The t e s t  specimens w i l l  be shipped t o  ORNL f o r  eva lua t ion .  The 

specimens w i l l  be shipped i n  two batches w i t h  t h e  f i r s t  batch of 12 TZM 

specimens t o  be shipped by t h e  end of A p r i l .  The second batch o f  12 Haynes 

A l l o y  25 and 12 Has te l l oy  C-276 specimens w i l l  be shipped about t he  end o f  

May. V isua l  examinat ion o f  t h e  TZM specimens gave no i n d i c a t i o n  of unexpected 

metal a t tack .  



M e t a l l o g r a p h i c  examinat ion ,of t h e  1000-hr n o n r a d i o a c t i v e  t e s t  specimens 

has been completed and t he  specimens a r e  now be ing  examined u s i n g  scanning 

e l e c t r o n  microscopy (SEM) and t h e  e l e c t r o n  microprobe ( E M ) .  P r e l  i m i n a r y  

es t ima tes  o f  meta l  a t t a c k ,  based on e v a l u a t i o n  o f  t h e  photomicrographs, a r e  

g i ven  i n  Tab le  1. As i s  t h e  case w i t h  most c o m p a t i b i l i t y  specimens, t h e  

meta l  a t t a c k  was nonuni form and t h e  va lues g i v e n  i n  Tab le  1  r ep resen t  t h e  

maximum a t t a c k  observed. The va lue  g i ven  may have t o  be r e v i s e d  as SEM and 

EM da ta  become a v a i l a b l e .  

Var ious  t ypes  of meta l  a t t a c k  were observed w i t h  t h e  d i f f e r e n t  specimens 

b u t  i n  genera l  t he  a t t a c k  c o u l d  be d i v i d e d  i n t o  two bas i c  t ypes :  chemical  

a t t a c k  and changes i n  t h e  a l l o y  m i c r o s t r u c t u r e .  Chemical a t t a c k  i s  d e f i n e d  

as those  a t t a c k  mechanisms which can be d i r e c t l y  a t t r i b u t e d  t o  r e a c t i o n s  

between t he  a l l o y  and t h e  f l u o r i d e ,  and i nc l udes  such mechanisms as s u r f a c e  

d i s s o l u t i o n ,  g r a i n  boundary a t t a c k ,  p i t t i n g ,  subsur face v o i d  f o rma t i on ,  

e t c .  M i c r o s t r u c t u r a l  changes a r e  de f ined  as those  a f f e c t e d  areas where t h e  

a l l o y  morphology d i f f e r s  s i g n i f i c a n t l y  f rom t h a t  o f  t h e  b u l k  o f  t h e  t e s t  

specimen, and i nc l udes  such s t r u c t u r a l  changes as t he  disappearance o f  

normal a l l o y  p r e c i p i t a t e s ,  t h e  fo rmat ion  o f  abnormal p r e c i p i t a t e s  and marked 

changes i n  g r a i n  s i z e .  The m i c r o s t r u c t u r a l  changes can a l s o  be a t t r i b u t e d  

t o  f l u o r i d e  a t t a c k  s i n c e  they  do n o t  occur  i n  c o n t r o l  specimens t e s t e d  w i t h -  

o u t  f l u o r i d e  p resen t .  However, no d i r e c t  ev idence can be ob ta ined  f rom t h e  

photomicrographs t o  show t h e  changes a r e  due t o  f l u o r i d e  a t t a c k .  A d d i t i o n a l  

a n a l y t i c a l  da ta  (SEM, EM, chemical  a n a l y s i s ,  e t c )  w i l l  be needed t o  show 

t h e  i n t e r r e l a t i o n s h i p .  

The 1000-hr t e s t  r e s u l t s  show t h e  TZM was much more r e s i s t a n t  t o  f l u o r i d e  

a t t a c k  than  t h e  o t h e r  two a l l o y s .  Fo r  t h e  case o f  t h e  H a s t e l l o y  C-276 and 

Haynes A l l o y  25, changes i n  a l l o y  m i c r o s t r u c t u r e  g e n e r a l l y  occur red  t o  much 

g r e a t e r  depths than  d i d  t h e  chemical  a t t a c k .  These r e s u l t s  agree q u i t e  w e l l  

w i t h  those  ob ta i ned  i n  t h e  sho r t - t e rm  c o m p a t i b i l i t y  t e s t s .  The r e s u l t s  

a l s o  i n d i c a t e  t h a t  t h e  meta l  a t t a c k  inc reased  s l i g h t l y  as t h e  sur face t o  

volume r a t i o  o f  t h e  t e s t  couples was decreased. T h i s  i s  t o  be expected 



TABLE 1. Estimates of Metal  A t tack  f o r  Test  Specimens Exposed 
t o  Nonradioact ive SrF2 f o r  1000 h r  

Depth of Metal 
~ f f e c t e d ,  m i  1 s 

M a t e r i a l  Temperature, Coup e S/V Chemical Change i n  
Tested "C Ra t i o  , la)  cm-l A t tack  M ic ros t ruc tu re  

Haste1 1 oy C-276 600 
600 
600 
600 
800 
800 
800 
800 

1000 
1 000 

v 1000 
Has te l l oy  C-276 1000 

TZM 

T 
TZM 

fnes A1 l o y  25 600 
600 
600 
600 
800 
800 
800 
800 

1000 
1000 

I 1000 
fnes A l l o y  25 1000 

( a )  Couple metal sur face t o  f u e l  volume r a t i o ,  cm-I 



i f  i m p u r i t i e s  i n  t h e  f l u o r i d e  a r e  t he  p r i n c i p a l  cause of meta l  a t t a c k .  A 

more d e t a i l e d  d i s c u s s i o n  of t h e  a t t a c k  mechanisms w i l l  be g i v e n  i n  f u t u r e  

r e p o r t s  when a l l  t h e  a n a l y t i c a l  d a t a  a r e  a v a i l a b l e .  

ADDITIONAL SHORT-TERM COMPATIBILITY TESTS 

A d d i t i o n a l  sho r t - t e rm  c o m p a t i b i l i t y  t e s t s  a r e  underway t o  eva lua te  

m a t e r i a l s  n o t  covered i n  t h e  o r i g i n a l  t e s t s .  A  t o t a l  of 32 m a t e r i a l s  a r e  

be ing  t e s t e d  a t  800°C f o r  1500 and 4400 h r  u s i n g  n o n r a d i o a c t i v e  SrF2 s i m i l a r  

i n  compos i t i on  t o  WESF 9 0 ~ r ~ 2 .  A p o r t i o n  of t h e  1500-hr t e s t s  have been 

completed and t h e  t e s t  specimens (24)  a r e  now be ing  examined. V i s u a l  

examina t ion  of t h e  t e s t  specimens i n d i c a t e d  some o f  them were bad l y  c o r -  

roded. A  Hafnal l o y  specimen (H f  -0.25% Pt-0.25% Pd) had comp le te l y  r e a c t e d  

w i t h  t h e  f l u o r i d e ,  w h i l e  samples of p l a t i n u m  and go ld  were a lmos t  comp le te l y  

consumed. Sarr~ples o f  copper, i r i d i u m  and rhenium appeared t o  be comp le te l y  

u n a f f e c t e d  by t h e  f l u o r i d e .  

THERMAL AGING OF HASTELLOY C-4 

The e f f e c t  o f  thermal ag ing  on t h e  impact  s t r e n g t h  of H a s t e l l o y  C-4 i s  

be ing  i n v e s t i g a t e d  ove r  a  temperature range of 600 t o  1000°C. The 5000 h r  

t e s t s  have been completed, and t h e  impact  s t r e n g t h  o f  t h e  aged specimens 

ob ta ined  u s i n g  a  Baldwin Charpy impact  machine. The specimens were impacted 

a t  room tempera tu re  and 250°C and t h e  r e s u l t s  ob ta i ned  a r e  shown i n  Tab le  2. 

The 5000 h r  r e s u l t s  con f i rm those  ob ta i ned  w i t h  t h e  1000-hr t e s t  specimens, 

and show a  sharp  decrease i n  t h e  impact  s t r e n g t h  o f  t h e  a l l o y  when aged a t  

600°C. Aging a t  h i g h e r  temperatures had l e s s  e f f e c t  on t h e  a l l o y s ,  and t h e  

specimens aged a t  900 and 1000°C had a  h i g h e r  impact  s t r e n g t h  t han  t h e  

"as - rece ived"  m a t e r i a l .  M e t a l l o g r a p h i c  examina t ion  of t h e  specimens i s  now 

underway t o  de te rmine  t h e  e f f e c t  o f  thermal  ag ing  on a l l o y  morphology. 



TABLE 2. The E f f e c t  o f  Thermal Aging on t e 
Impact S t rength  o f  Haste1 l o y  C-4la) 

Exposure Time, 
Test  Temp, "C h r  

As-Recei ved (c - 
600 1000 

5000 

800 1000 

5000 

900 1000 

5000 

1000 1000 

5000 

a. Specimens were 0.145 i n .  (3.7 mm) t h i c k  x 0.394 i n .  (10 mm) wide. 

b. Values g iven f o r  600, 800 and 900°C a re  the  average of t r i p l i c a t e  
specimens. Values g iven f o r  1000°C are  t h e  average o f  d u p l i c a t e  
specimens. 

c. The a l l o y  received from the  vendor had been s o l u t i o n  heat t rea ted  
a t  1950°F and r a p i d  quenched. 
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