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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

A t  Hanford, strontiwn 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 
f luoride conversion, encapsulation and storage take place i n  the  
Waste Encapsulation and Storage Fac i l i t i e s  (WESF). This encapsu- 
la ted strontiwn f Zuoride represents an economical source of  90Sr 
i f  the hrESF capsule can be l icense6 for heat source applications 
under anticipated use condit ions.  The object ives  of  t h i s  program 
are t o  obtain the  data needed t o  l icense  ~ O S ~ F ~  heat sources and 
speci f ical  Zy the  WESF ~ O S ~ F ~  capsules. The information needed 
for l icensing can be divided i n t o  three general areas: 

I .  Long-term SrF2 compatibil i ty  data. 
2. Chemical and physical property data on ~ O S ~ F ~ .  
3 .  Capsule property data such as external corrosion res is tance,  

crush strength,  e t c .  

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 r e  con t i nu ing  as scheduled. The 

1000-hr 9 0 ~ r ~ 2  couples have been sec t ioned  and t h e  t e s t  specimens shipped 

t o  ORNL f o r  ana l ys i s .  Me ta l l og raph i c  examinat ion o f  t h e  specimens i s  now 

underway. Examination o f  t h e  1000-hr non rad ioac t i ve  SrF2 t e s t  specimens 

by scanning e l e c t r o n  microscopy (SEM) and e l e c t r o n  microprobe (EM) i s  con- 

t i n u i n g .  P re l im ina ry  r e s u l t s  i n d i c a t e  t h a t  a t t a c k  o f  t h e  Haynes A l l o y  25 

and H a s t e l l o y  C-276 by t h e  SrF2 i n v o l v e s  a  general  d i s s o l u t i o n  o f  t h e  

metal su r f ace  and s e l e c t i v e  l each ing  o f  chromium from t h e  a1 l o y  m a t r i x .  

Ana lys is  o f  t h e  SrFp shows a  h i gh  chromium con ten t  con f i rm ing  t h e  l each ing  

of chromium f rom t h e  a l l o y s .  There was l i t t l e  evidence o f  g r a i n  boundary 

a t t a c k  of t h e  two a l l o y s .  I n  t h e  case of t h e  TZM t h e r e  was a  general  



d i s s o l u t i o n  o f  t h e  metal  su r f ace  and no evidence o f  g r a i n  boundary a t t a c k .  

A d e t a i l e d  e v a l u a t i o n  o f  metal  a t t a c k ,  i n c l u d i n g  micrographs and X-ray 

scans, w i l l  be p rov ided  when a1 1  o f  t h e  SEM and EM da ta  a r e  a v a i l a b l e .  

Tes t i ng  o f  t h e  two f u l l - s i z e  WESF ' O S ~ F ~  capsules i s  con t i nu ing .  I t  

has n o t  been p o s s i b l e  t o  o b t a i n  capsule temperature measurements d u r i n g  

t h e  month, however, because o f  t he  s t r i k e  which i s  c u r t a i l i n g  t h e  h o t  c e l l  

opera t ions  a t  ARHCO. How soon i t  w i l l  be poss ib l e  t o  resume t a k i n g  t h e  

temperature measurements i s  unknown. 

A  t e s t  has been s t a r t e d  t o  determine t h e  e f f e c t  o f  a  thermal g r a d i e n t  

on t he  c o m p a t i b i l i t y  o f  H a s t e l l o y  C-276 w i t h  non rad ioac t i ve  SrF2. A s i n g l e  

t e s t  couple i s  be ing sub jec ted  t o  a  thermal g rad ien t  o f  approx imate ly  560°C 

w i t h  a  maximum temperature o f  about 920°C. The t e s t  w i l l  l a s t  f o r  6  months 

a f t e r  which t h e  t e s t  couple w i l l  be sec t ioned  and examined t o  determine 

m e t a l - f l u o r i d e  i n t e r a c t i o n  a t  va r ious  l o c a t i o n s .  The t e s t  couple c o n s i s t s  

o f  a  s e c t i o n  o f  H a s t e l l o y  C-276 p ipe  c o n t a i n i n g  SrF2 compacted t o  a  d e n s i t y  

o f  about 70% o f  t h e o r e t i c a l  dens i t y .  The metal  su r face  t o  f u e l  volume 

r a t i o  (S/V) o f  t h e  t e s t  couple i s  1.0 cm-' which i s  s l i g h t l y  g r e a t e r  than  

t h a t  o f  t h e  WESF ' O S ~ F ~  capsule.  The non rad ioac t i ve  SrF2 be ing  used i n  

t h e  t e s t  i s  t h e  same as t h a t  used i n  t he  long- term c o m p a t i b i l i t y  t e s t s .  

Composit ion o f  t h e  SrF2 i s  g i ven  i n  Table 1.  

The t e s t  capsule was f a b r i c a t e d  f rom 1-112 i n .  Sch-40 H a s t e l l o y  C-276 

p ipe  and was 26 i n .  long.  The end p ieces were 118 i n .  t h i c k  Haste1 l o y  

C-276 p l a t e .  The SrF2 was compacted i n t o  t he  capsule i n  increments by 

c o l d  press ing.  The f i l l e d  capsule was sealed by TIG weld ing t h e  end p l a t e  

i n  p lace .  Chrome1 -alumel thermocouples were welded t o  t h e  surface of t h e  

capsules a t  va r i ous  1  oca t i ons  t o  mon i t o r  t h e  capsule su r f ace  temperature 

du r i ng  t h e  t e s t .  The t e s t  couple was p laced i n  a  j a c k e t  o f  304L s t a i n l e s s  

s tee l  and i n s e r t e d  i n t o  a  three-zone tube furnace.  Each of t h e  t h r e e  heat -  

i n g  zones o f  t h e  fu rnace  cou ld  be c o n t r o l l e d  independent ly  a l l o w i n g  a  tem- 

pe ra tu re  g r a d i e n t  t o  be ma in ta ined  over  t h e  l e n g t h  o f  t h e  capsule.  



F igu re  1  shows t h e  capsule  sur face temperature severa l  days a f t e r  t h e  t e s t  

was s t a r t e d .  A  f a i r l y  un i form temperature g r a d i e n t  i s  ma in ta ined  across 

approx imate ly  t w o - t h i r d s  of t h e  capsu le  l eng th ,  b u t  t h e  system i s  designed 

t o  g i v e  a  nonuniform g r a d i e n t  across t h e  c o l d e r  t h i r d  of t h e  capsule .  

TABLE 1 .  Composi t ion o f  t h e  Nonrad ioac t i ve  SrF 
Used i n  t h e  C o n i p a t i b i l i t y  Tests  2  

Component 

SrF2 

A1 F3 

BaF2 

CaF2 

CdF2 

CrF3 

FeF3. 

MgF2 

NaF 

NdF3 

N i F 2  

PbF2 

NO3- 

0-2 

ADDITIONAL SHORT-TERM COMPATIBILITY --- TESTS 

A d d i t i o n a l  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  p o t e n t i a l  con- 

ta inment  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  sho r t - t e rm  t e s t s .  A  t o t a l  

o f  29 d i f f e r e n t  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  

us i ng  non rad ioac t i ve  SrF2 o f  t h e  compos i t i on  shown i n  Table  1.  H a s t e l l o y  

C-276, Haynes A l l o y  25 and TZM a r e  a l s o  be ing  t e s t e d  as r e fe rence  m a t e r i a l s .  

The 1500-hr t e s t s  have been completed and examinat ion o f  t h e  t e s t  specimens 

i s  underway. Me ta l l og raph i c  examinat ion o f  most o f  t h e  specimens has been 

completed, and es t imates  o f  meta l  a t t a c k ,  based on t h e  micrographs, a r e  

g iven  i n  Table  2. A  d e t a i l e d  d i scuss ion  o f  t h e  meta l  a t t a c k  w i l l  be p ro -  

v i d e d  a t  a  l a t e r  d a t e  when a l l  t h e  t e s t  r e s u l t s  a r e  a v a i l a b l e .  



LOCATION ALONG CAPSULE LENGTH, i n c h e s  

FIGURE 1. Capsule Sur face Temperature a t  Var ious  Loca t ions  -- 



TABLE 2. Metal  A t t ack  i n  Tes t  Specimens Exposed t o  
Non rad ioac t i ve  SrF2 a t  800°C f o r  1500 Hr 

Depth o f  Meta l  A f f ec ted ,  m i l s  
Chemical Change i n  

Ma te r i  a1 

Haste1 l o y  C-276 
H a s t e l l o y  C-4 
H a s t e l l o y  B  
Haste1 l o y  5-2 
H a s t e l l o y  S 
Haynes A1 1  oy 25 
Haynes A1 1  oy 556 
Incone l  617 
Incone l  671 
I n c o l o y  800 
Rene 41 
Udimet 700 
Monel 400 
IVickel 200 
I n g o t  I r o n  
D u c t i l e  Cast I r o n  
316L SS 
JS 777 
Copper 
T i  tanium 
Hafna loy 2525 
Molybdenum 
TZM 
Niobium 
Ta-10% W 
Mo-50% Re 
W-26% Re 
Rheni um 
I r i d i u m  
I r - 0 .3% W 
P l a t i num 
Gold 

A t t ack  ~ i c r o s t r u c t u r e  

3  7  
5  12 
4  15 

- = no apparent  change i n  m i c r o s t r u c t u r e .  
CR = complete r e a c t i o n .  
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