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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

J.  H. J a r r e t t ,  Program Manager 
H. T. Fullam, P r i n c i p a l  I n v e s t i g a t o r  
D. G. A t t e r i d g e  

A t  Hanford, s t r o n t i m  i s  separated from the high-level waste, 
converted t o  the fluoride, m d  doubly encapsula*ed i n  small, high- 
in tegri ty  containers for subsequent long-term storage. The fluo- 
ride conversion, encapsuZation and storage take place i n  the Waste 
Encapsulation and Storage Facil i t ies  (WESF) .  T k  enca sulated 
s t r o n t i m  fluoride represents an economical source o f  50Sr i f  the 
WESF capsule can be licensed for heat source applications under 
anticipated use conditions. The objectives of t h i s  progrcm are 
to  obtain the dQta needed t o  license 90srF2 heat sources and 
specif ically the RESF 90srF2 capsules. The information needed 
for licensing can be divided in to  three general task areas: 

Task 1 - Chemical and Physical Properties of g o ~ r ~ 2  
Task 2 - 90srF2 Compatibility Studies 
Task 3 - Capsule QuaZCfication and Licensing 

Ef for ts  are proceeding concurrently on hl l  three tasks t o  obtain 
the required information. 

TASK 1  - CHEMICAL AND PHYSICAL PROPERTIES OF ' O S ~ F *  

No a c t i v i t y  t h i s  month. 

TASK 2  - 'OS~F? COMPATIBILITY TESTS 

Long-Term C o m p a t i b i l i t y  Tests  

Work was s t a r t e d  a t  t h e  end o f  January on s e c t i o n i n g  t h e  couples f rom 

t h e  6000-hr t e s t s  w i t h  WESF ' O S ~ ~ F ~ .  The t e s t s  were completed e a r l y  i n  

December, b u t  s e c t i o n i n g  o f  t h e  t e s t  couples was delayed f o r  severa l  weeks 

because o f  a  l a c k  o f  h o t  c e l l  space. As r e p o r t e d  p r e v i o u s l y ,  a  number o f  

t h e  t e s t  couples which had been h e l d  i n  one fu rnace a t  800°C had f a i l e d  f o r  

unknown reasons. A l l  o f  t h e  c o m p a t i b i l i t y  couples used i n  t h e  long-term 

t e s t s  a r e  sealed i n  p r o t e c t i v e  j a c k e t s  o f  Incone l  600 t o  prevent  e x t e r n a l  

o x i d a t i o n  o f  t h e  couples du r ing  t e s t i n g .  The j a c k e t s  were f a b r i c a t e d  from 

1  112-in. Schedule 40 Incone l  600 p ipe .  The couples were sealed i n  t h e  



j a c k e t s  by TIG weld, ing, and each j a c k e t  was l e a k  checked p r i o r  t o  t e s t i n g .  

When t h e  f a i l e d  capsules were removed from t h e  fi lrnace, i t  was found t h a t  

bo th  t h e  Incone l  600 j a c k e t s  and t h e  t e s t  couples were bad ly  corroded.  

M e t a l l o g r a p h i c  examinat ion o f  s e c t i o n s  from t h e  f a i l e d  capsules i s  now 

underway i n  an a t tempt  t o  i d e n t i f y  t h e  cause(s)  o f  t h e  f a i l u r e s .  

The 6000 h r  couples which had been h e l d  a t  600 and 1000°C, p lus  some 

which had been h e l d  a t  800°C i n  a  second furnace, were removed f rom t h e i r  

Incone l  600 p r o t e c t i v e  j a c k e t s .  None o f  t h e  Incone l  600 j a c k e t s  o r  t e s t  

couples showed any v i s u a l  ev idence o f  excessive co r ros ion .  Sec t i on ing  o f  

t h e  coup1 es i s  now underway. 

Thermal Grad ien t  Tes t  

I n  t h e  thermal  g r a d i e n t  t e s t  a  H a s t e l l o y  C-276 capsule f i l l e d  w i t h  non- 

r a d i o a c t i v e  s t r o n t i u m  f l u o r i d e  was sub jec ted  t o  a  temperature g r a d i e n t  o f  

about 560°C, w i t h  a  maximum temperature o f  920°C, f o r  a  p e r i o d  o f  4400 h r .  

A t  t h e  c o n c l u s i o n  o f  t h e  t e s t  t h e  capsu le  was opened and SrF2 and metal  

samples frcm va r ious  l o c a t i o n s  were analyzed 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 .  The H a s t e l l o y  C-276 capsu le  was f a b r i c a t e d  from a  26- in .  l o n g  

s e c t i o n  o f  1  1/2 i n .  Schedule 40 seamless p i p e  u s i n g  1 /8 - i n .  t h i c k  end caps. 

The s t r o n t i u m  f l u o r i d e  was co ld -pressed i n t o  t h e  capsu le  t o  a  f i n a l  d e n s i t y  

o f  approx imate ly  70% o f  t h e  t h e o r e t i c a l  d e n s i t y .  The f i l l e d  capsu le  was 

c l o s e d  by TIG we ld ing  t h e  end cap i n  p lace .  The n o n r a d i o a c t i v e  s t r o n t i u m  

f l u o r i d e  con ta ined  i m p u r i t i e s  s im i  1  a r  t o  those found i n  WESF-produced ' O S ~ F ~ .  

The compos i t ion  o f  t h e  f l u o r i d e  i s  g i ven  i n  Table 1. The exposed metal  su r -  

f ace - to - fue l  volume r a t i o  (S/V) f o r  t h e  capsu le  was 1.1 which was s l i g h t l y  

l a r g e r  than t h a t  of t h e  WESF ' O S ~ F ~  capsule (0.9). 

Chrome1 -Alumel thermocouples ( 5 )  were welded t o  t h e  s u r f a c e  o f  t h e  cap- 

s u l e  a t  v a r i o u s  l o c a t i o n s  t o  m o n i t o r  t h e  capsule temperature g r a d i e n t  th rough-  

o u t  t h e  t e s t .  The capsu le  was p laced i n  a  heavy w a l l  316L s t a i n l e s s  s t e e l  

j a c k e t  which i n  t u r n  was p laced i n  a  h o r i z o n t a l  three-zone tube  fu rnace.  

Each zone o f  t h e  fu rnace  was c o n t r o l l e d  independent ly  a l l o w i n g  a  tempera ture  

g r a d i e n t  t o  be main ta ined a long  t h e  l e n g t h  o f  t h e  capsule.  F i g u r e  1  shows 

t h e  capsule surface temperature as a  f i l n c t i o n  of l o c a t i o n .  The temperature 



v a r i e d  f rom 360 t o  920°C g i v i n g  a  thermal g r a d i e n t  of 560°C over t h e  l e n g t h  

o f  t h e  capsule. Temperature c o n t r o l  was q u i t e  s t a b l e  and t h e  maximum tem- 

pe ra tu re  f l u c t u a t i o n  observed a t  any l o c a t i o n  du r ing  t h e  t e s t  was 26°C. 

TABLE 1. Composit ion o f  t he  SrF2 Used i n  the  
Thermal Gradient  Test  

Component 

S r 
A1 
Ba 
C a  
C r  
Fe 
K 
Mg 
N a  

Component 

Nd 
N i 
Pb 
S i 
F 
H20 
NO3- 
0  

LOCATl ON ALONG CAPSULE LENGTH, in. 

FIGURE 1. Capsule Surface Tm?era tu re  a t  Various Locat ions  





approx imate ly  3/4- in .  wide was c u t  f rom t h e  capsule. The r i n g  was then 

s p l i t  as shown below t o  g i v e  two d i a m e t r i c a l l y  opposed specimens. Each 

p a i r  o f  specimens was examined and photomicrographs obta ined.  F igu re  3 

shows micrographs o f  t h e  specimen sur faces  which had been i n  c o n t a c t  w i t h  

t h e  f l u o r i d e .  Micrographs showing 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  as 

a f u n c t i o n  o f  temperature a r e  presented i n  F igu re  4. 

SPECIMAN A 

SPECIMAN B 

Est imates o f  meta l  a t t a c k  as a f u n c t i o n  o f  temperature based on t h e  

micrographs a r e  g i ven  i n  Table 2. The a t t a c k  observed w i t h  each p a i r  o f  

specimens was ve ry  s i m i l a r ;  and t h e  es t imates  prov ided i n  Table 2 rep resen t  

t h e  maximum a t t a c k  observed w i t h  each p a i r .  Chemical a t t a c k  o f  t h e  Has te l -  

l o y  C-276 increased sha rp l y  w i t h  i n c r e a s i n g  exposure temperature. The t ype  

o f  a t t a c k  observed a l s o  v a r i e d  w i t h  t h e  temperature. A t  t h e  lower tempera- 

t u r e s  t h e  a t t a c k  was r e l a t i v e l y  un i f o rm across t h e  su r face  w i t h  o n l y  s l i g h t  

i n d i c a t i o n  o f  g r a i n  boundary a t t a c k .  A t  t h e  h ighe r  temperatures (2830°C) 

ex tens i ve  g r a i n  boundary a t t a c k  and subsur face v o i d  f o rma t i on  was observed, 

and t h e  r e a c t i o n  l a y e r  which formed conta ined f ree  g r a i n s  of unreacted me ta l .  

Contact  w i t h  t h e  f l u o r i d e  a l s o  produced some marked changes i n  t h e  

a l l o y  m ic ros t ruc tu re .  The depth o f  meta l  a f f e c t e d  by m i c r o s t r u c t u r a l  

changes increased w i t h  i nc reas ing  exposure temperature up t o  about 870°C 

and then appa ren t l y  decreased a t  h ighe r  temperatures. The m i c r o s t r u c t u r a l  

changes cons i s ted  p r i m a r i l y  o f  t h e  disappearance o f  normal a l l o y  p r e c i p i t a t e s .  

Samples o f  t h e  s t r o n t i u m  f l u o r i d e  were taken f rom va r i ous  l o c a t i o n s  i n  

t he  capsule and analyzed t o  determine i f  changes i n  t h e  i m p u r i t y  l e v e l s  had 

occurred due t o  t h e  thermal g r a d i e n t  imposed on t h e  capsule o r  due t o  reac-  

t i o n s  w i t h  t h e  H a s t e l l o y  C-276. The a n a l y t i c a l  r e s u l t s  i n d i c a t e  t h a t  t he  







TABLE 2. The E f f e c t  o f  Temperature on t h e  A t tack  o f  H a s t e l l o y  C-276 
by Nonradioact ive S t r o n t i  urn ~l u o r i d e ( a )  

Approximate Depth o f  Met 1  Affected, 
I n t e r f a c e  Exposure -. m i  1  sPb) 

Temperature, I ime, Chen~i c a l  Change i n  
" C h  r At tack  M i c r o s t r u c t u r e  

(a )  The SrF2 had t h e  composit ion shown i n  Table 1. 
(b )  A t tack  est imated f rom photomicrographs. 

i m p u r i t y  l e v e l s  i n  t h e  SrF2 were e s s e n t i a l l y  unchanged a long t h e  l e n g t h  o f  

t h e  capsule except f o r  two elements: i r o n  and chromium (see Table 3 ) .  Both 

t h e  i r o n  and chromium e x h i b i t e d  d i s t i n c t  concen t ra t i on  g rad ien ts  over  t h e  

l e n g t h  o f  t h e  capsule a l though t h e  g r a d i e n t  d i r e c t i o n s  were reversed f o r  t h e  

two elements. I n  t h e  case o f  i r o n  t h e  concen t ra t i on  i n  t h e  SrF2 a t  t h e  c o l d  

end o f  t h e  capsule was approximate ly  t h e  same as t h e  b u l k  concen t ra t i on  a t  

t h e  s t a r t  o f  t h e  t e s t ,  w h i l e  t h e  concen t ra t i on  a t  t h e  ho t  end was g r e a t l y  

reduced. I n  t h e  case o f  t h e  chromium t h e  same v a r i a t i o n  was observed bu t  

t h e  d i r e c t i o n  of t h e  g rad ien t  was reversed. The data  show t h a t  t h e  o v e r a l l  

concent ra t ions  o f  i r o n  and chromium i n  t h e  SrF2 were reduced s u b s t a n t i a l l y  

from t h e  i n i t i a l  concentrat ions,  probably by r e a c t i o n  w i t h  the  Haste1 l o y  

C-276. E l e c t r o n  microprobe ana lys i s  o f  t h e  t e s t  specimens i s  now underway 

t o  i d e n t i f y  t he  r e a c t i o n  mechanisms. 

TABLE 3. I m p u r i t y  Concentrat ions i n  SrF2 Samples from t h e  
Thermal Gradient  Experiment 

Concentrat ion,  w t %  
I n i t i a l  

448°C 680°C 781°C 830°C 874°C 918°C El  ement S'rF7 



TASK 3 - CAPSULE OUALIFICAFION AND LICENSING 

Heat Source Capsule Qua1 i f i c a t i o n  Requirements 

A l i s t  o f  capsule q u a l i f i c a t i o n  requirements i s  c u r r e n t l y  being com- 

p i l e d  f o r  resubmission t o  DNRA. A study i n t o  t h e  v i b r a t i o n  t e s t i n g  aspect 

o f  these q u a l i f i c a t i o n s  by the  St ruc tures  and Mechanics Sect ion i s  near ing  

complet ion. Th is  study w i l l  determine t h e  need f o r  WESF capsule v i b r a t i o n  

t e s t i n g  and, i f  i t  i s  es tab l i shed  t h a t  v i b r a t i o n  t e s t i n g  i s  needed, t h e  

t e s t  w i l l  a l s o  determine what k ind  o f  t e s t  m a t r i x  should be required.  

Capsul e Design Phi 1 osophy 

The study of determining t h e  c r i t i c a l  d e s i g n - l i m i t i n g  ou te r  capsule 

component i s  cont inu ing,  a long w i t h  a study of capsule design us ing  f a i l u r e  

c r i t e r i o n  versus e l a s t i c  s t r a i n  c r i t e r i o n .  

The basic design of t h e  ou te r  capsule w i l l  be a r i g h t  c i r c u l a r  c y l i n d e r  

l a r g e  enough t o  enclose t h e  present  WESF Has te l l oy  C-276 inne r  capsule. No 

concentrated e f f o r t  w i l l  be made i n  t h e  capsule design area u n t i l  t h e  recom- 

mendations f o r  t h e  Capsule Design Phi losophy have been made t o  DNRA and they  

a re  accepted. 

Outer Capsule Ma te r ia l  Se lec t i on  

Outer capsule m a t e r i a l  op t i ons  a re  being explored through a con t inu ing  

l i t e r a t u r e  rev iew and manufactur ing contac ts  as we l l  as t h e  mechanical and 

co r ros ion  r e s i s t a n t  p roper t y  tes tsbe ing  r u n  a t  PNL. Thermally-aged and 

t e s t e d  t e n s i l e  specimens o f  Haste1 l o y  C-4 and Haste1 l o y  S have been rece ived 

from t h e  Cabot Corporat ion i n  Kokomo, Ind iana and a re  c u r r e n t l y  being pre-  

pared t o  be remachined i n t o  subsize t e n s i l e  specimens f o r  e levated tempera- 

t u r e  test in?, .  The rece ived specimens a re  t e n s i l e  specimens t h a t  were aged 

a t  var ious  t imes and temperatures and then t e s t e d  a t  room temperature. The 

aging temperatures v a r i e d  from 800 t o  1600°F i n  200°F increments w h i l e  t h e  

aging t imes were 1000, 4000, 8000 and 16000 hr .  

PNL rece ived one t e s t e d  specimen f o r  each t e s t  cond i t i on .  Two standard 

ASTM subsize t e n s i l e  specimens, c u r r e n t l y  used i n  t h e  c o m p a t i b i l i t y  sec t i on  

of t h i s  program, w i l l  be machined o u t  of t h e  broken ends o f  t h e  o r i g i n a l  



t e n s i l e  specimens. The gage s e c t i o n  of t h e  subsize specimens w i l l  come 

f rom t h e  n o - p l a s t i c - s t r a i n  shoulder r e g i o n  of t h e  o l d  specimens, as i l l u s -  

t r a t e d  i n  F igu re  5. It i s  c u r r e n t l y  planned t h a t  bo th  o f  t h e  new specimens 

w i l l  be t e s t e d  a t  e leva ted temperatures: one a t  t h e  aging temperature o f  

t h e  o r i g i n a l  sample, and t h e  o t h e r  a t  800°C, t h e  c u r r e n t l y  p red i c ted  maximum 

a l l owab le  use temperature of t he  WESF capsule. 

SUB-S IZE TENS lLE 
S PEC I MEN 

-I!-- 

ONE-HALF OF OR1 GI  NAL TENS ILE SPECIMEN 
(HASTELLOY C-4 OR HASTELLOY S 1 

FIGURE 5. Subsized T e n s i l e  Specimens t o  be Machined f rom 
Sect ions o f  Tested Specimens 

Ox ida t i on  Resistance o f  Haste l  1  oy C-4 and Hastel  l o y  S  

Experiments a r e  underway t o  determine the  e f f e c t s  o f  thermal ag ing  on 

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  C-4 and H a s t e l l o y  S. When t h e  so lu -  

t i o n  hea t - t rea ted  forms o f  t h e  two a l l o y s  a r e  heated a t  temperatures between 

approximate ly  500 and 900°C, they  undergo long-range o r d e r i n g  r e a c t i o n s  and 

p r e c i p i t a t e  fo rmat ion  which a f f e c t  t h e i r  mechanical p r o p e r t i e s .  ) The 

r e a c t i o n s  i nvo l ved  proceed r e l a t i v e l y  slow and occur over  a  several  thousand 

hour p e r i o d  when t h e  a l l o y s  a r e  heated. It i s  a n t i c i p a t e d  t h a t  t h e  mic ro-  

s t r u c t u r a l  changes which occur when t h e  a l l o y s  a r e  heated between 500 and 

900°C cou ld  a f f e c t  t h e i r  res i s tance  t o  o x i d a t i o n .  

Specimens o f  t h e  two a l l o y s ,  which had been he ld  a t  600, 700, 800 o r  

900°C f o r  1000 hr,  were heated i n  a i r  and t h e  r a t e  o f  o x i d a t i o n  determined 

as a  f u n c t i o n  o f  t ime.  A t  1000°C o r  l e s s  t h e  o x i d a t i o n  r a t e s  o f  t h e  t h e r -  

mal l y  aged specimens were s i m i l a r  t o  those p r e v i o u s l y  r e p o r t e d  f o r  t h e  



s o l u t i o n  heat t r e a t e d  a l l o y s .  A t  l l O O ° C ,  however, t he re  were marked d i f -  _ .. 
ferences i n  t h e  o x i d a t i o n  r a t e s  o f  t h e  aged and unaged specimens. F igure  6 

shows t h e  r e s u l t s  ob ta ined w i t h  Has te l l oy  C-4. When Has te l l oy  C-4 i s  heated 

i n  a i r  a t  l l O O ° C  f o r  extended per iods o f  t ime  s p a l l i n g  o f  t h e  ox ide  l a y e r  

occurs. Meta l lograph ic  examinat ion o f  t e s t  specimens i n d i c a t e s  t h a t  a  very 

t h i n  uniform r e a c t i o n  i s  r e t a i n e d  on t h e  specimen sur face and most of t h e  

ox ide  l a y e r  i s  l o s t  by s p a l l i n g .  Once s p a l l i n g  begins, w i t h  t h e  m i l l -  

annealed ( s o l u t i o n  heat t r e a t e d )  a1 l o y ,  t h e  sample weight  l o s s  e x h i b i t s  a  

l i n e a r  t ime  dependence. Thermal aging a t  600 t o  900°C apparent ly  increases 

t h e  r a t e  o f  o x i d a t i o n  (and weight  l o s s )  o f  t h e  a l l o y  i n i t i a l l y ,  b u t  a f t e r  

approximately 250 h r  exposure t h e  o x i d a t i o n  r a t e  decreased sharply.  The 

reduced r a t e  was l e s s  than t h a t  observed w i t h  t h e  m i l l  -annealed a l l o y .  

Meta l lograph ic  examinat ion o f  t h e  t e s t  specimens i s  now underway t o  d e t e r -  

mine what causes t h e  changes i n  t h e  o x i d a t i o n  r a t e s  o f  t h e  aged specimens 

a f t e r  250 hr  exposure. 

THERMALLY AGED AT bOOOc FOR 1033 hr 
0 THERMALLY AGED AT WC FOR 1000 hr 
o THERMALLY AGED AT WC FOR 1OOO hr 

- 

- 

FIGURE 6. The E f f e c t  o f  Thermal Aging on t h e  Ox ida t ion  Resistance o f  
Haste1 l o y  C-4 a t  1 100°C 



The r e s u l t s  obta ined w i t h  H a s t e l l o y  S  a re  presented i n  F igu re  7. A t  

1100°C an adherent ox ide  l a y e r  formed on t h e  m i l l - annea led  a l l o y  i n i t i a l l y ,  

b u t  a f t e r  approximate ly  50 h r  exposure s l i g h t  s p a l l i q g  o f  t h e  ox ide  l a y e r  

began. A f te r  approximate ly  550 h r  exposure t h e  s p a l l i n g  increased d r a s t i c a l l y  

and t h e  specimens l o s t  weight  very  r a p i d l y .  The a l l o y  specimens which had 

been the rma l l y  aged a t  600°C e x h i b i t e d  a  slow cont inuous we igh t  l o s s ,  due t o  

ox ide  s p a l l i n g ,  which was l i n e a r l y  t ime dependent. Examinat ion o f  t h e  t e s t  

specimens i n d i c a t e d  ox ide  s p a l l i n g  was un i fo rm across t h e  specimen su r face  

and o n l y  a  t h i n  r e a c t i o n  l a y e r  was r e t a i n e d  on t h e  sur face.  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  H a s t e l l o y  S specimens which had been aged a t  700 and 

800°C. The specimens aged a t  900°C showed a  marked d i f f e r e n c e  i n  o x i d a t i o n  

res i s tance  from those aged a t  t h e  lower temperature; t hey  s u f f e r e d  a  very  

r a p i d  weight  l o s s  i n i t i a l l y  bu t  a f t e r  approximate ly  200 h r  exposure t h e  r a t e  

of weight  l o s s  decreased t o  about t h e  l e v e l  observed w i t h  t h e  specimens aged 

a t  600 t o  800°C. Meta l lograph ic  examinat ion o f  t h e  specimens i s  underway t o  

i d e n t i f y  t h e  reason(s)  f o r  t h e  d i f f e r e n c e s  i n  t he  o x i d a t i o n  r a t e s .  

FIGURE 7. 

. 0 AUOY MRhlAUY ACED AT @C FOR lKll hr 
o AUDY MERMALLY ACED AT 9wJC FOR lOYl hr 

The E f f e c t  o f  Thermal Aging on t h e  Oxidat  
H a s t e l l o y  S a t  l l O O ° C  

i o n  Resistance of 



Add i t i ona l  o x i d a t i o n  experiments a re  planned using Has te l l oy  C-4 and _ .. 
Has te l l oy  S specimens which have been aged a t  600 t o  900°C f o r  per iods  up 

t o  10,000 hr .  

Prototype Capsule Fabr i ca t i on  and Tes t ing  

The c a r t  f o r  t h e  hel ium leak  de tec to r ,  which w i l l  be used t o  leak  check 

p ro to type  capsul es d u r i n g  f a b r i c a t i o n  and t e s t i n g ,  has a r r i v e d .  Both t h e  

leak  de tec to r  system and t h e  capsule l eak  d e t e c t i o n  chamber a r e  c u r r e n t l y  

being f i t t e d  t o  the  c a r t .  
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