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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, m d  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 Fac i l i t i e s  (WESFI. This encapsu- 
lated strontium fluoride represents an economical source of 9 0 ~ r  
i f  the WESF capsule can be licensed for heat source applications 
under anticipated use conditions. The ob 'ect ives  of t h i s  program 
are t o  obtain the data needed t o  l icense "SrF2 heat sources and 
speci f ica l Zy the WESF ~ O S ~ F Z  capsules. The information needed 
for licensing can be divided i n t o  three general areas: 

I .  Long-term SrF2 compatibility data. 
2. Chemical and physica2- property data on ~ O S ~ F ~ .  
3. Capsule property data such as external corrosion resistance,  

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 re  c o n t i n u i n g  as scheduled. The 

36 r a d i o a c t i v e  t e s t  specimens f rom t h e  1000-hr t e s t s  a r e  be ing analyzed a t  

t he  Oak Ridge Na t i ona l  Laboratory .  Me ta l l og raph i c  examinat ion of t he  spec i-  

mens i s  approx imate ly  60% completed and e l e c t r o n  microprobe analyses of 

se lec ted  specimens w i l l  s t a r t  i n  August and t h e  r e s u l t s  w i l l  be repor ted  

when a l l  o f  t h e  da ta  a r e  a v a i l a b l e .  

C o m p a t i b i l i t y  t e s t i n g  o f  t h e  two f u l l - s i z e  WESF capsules i s  con t inu ing .  

A f t e r  severa l  weeks de lay  because of t h e  s t r i k e ,  t h e  t a k i n g  of capsule sur-  

face temperatures was resumed a t  t h e  end o f  Ju l y .  The l a t e s t  measurements 



i n d i c a t e  a  maximum 9 0 ~ r ~ 2 - m e t a l  i n t e r f a c e  temperature o f  825'C i n  one 

capsule and 821°C i n  t h e  second. A temperature g r a d i e n t  across t h e  l e n g t h  

o f  t h e  capsule o f  approx imate ly  40°C was observed w i t h  each capsule.  

The thermal g r a d i e n t  t e s t  w i t h  H a s t e l l o y  C-276-WESF-grade SrF2 i s  con- 

t i n u i n g .  No f l u c t u a t i o n s  i n  t h e  capsule sur face  temperatures have been 

observed; and t h e  temperature g r a d i e n t  a long  t he  capsule l e n g t h  o f  560°C . 
(920°C t o  360°C) i s  be ing  ma in ta ined  as planned. 

ADDITIONAL SHORT-TERM COMPATIBILITY TESTS . 
Shor t- te 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  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  i n i t i a l  sho r t - t e rm  t e s t s .  T h i r t y -  

two m a t e r i a l s ,  i n c l u d i n g  Haynes A1 l o y  25, Haste1 l o y  C-276 and TZM as 

re fe rence  specimens, a r e  be ing  t e s t e d  a t  800°C f o r  1500 and 4400 h r .  Non- 

r a d i o a c t i v e  SrF2, hav ing approx imate ly  t h e  same composi t ion as WESF 9 0 ~ r ~ 2 ,  

i s  be ing  used f o r  t h e  t e s t s .  T e s t i n g  and me ta l l og raph i c  examinat ion o f  

t he  1500-hr t e s t  couples have been completed; and es t imates  o f  meta l  a t t a c k  

based on photomicrographs of  t h e  t e s t  specimens a r e  presented i n  Tab le  1. 

These es t imates  a r e  d i v i d e d  i n t o  two c l a s s i f i c a t i o n s :  chemical a t t a c k  and 

changes i n  meta l  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  i n v o l v i n g  SrF2 and 

i n c l u d e  such phenomena as su r f ace  d i s s o l u t i o n ,  p i t t i n g ,  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 a l  changes a r e  those  

a f f e c t e d  areas where t h e  meta l  morphology d i f f e r s  f rom t h a t  o f  c o n t r o l  spec i -  

mens. These changes can i n c l u d e  t h e  disappearance o f  normal a l l o y  p r e c i p i -  

t a t e s ,  t h e  appearance o f  abnormal p r e c i p i t a t e s  o r  marked changes i n  g r a i n  

s i ze .  S ince t h e  m i c r o s t r u c t u r a l  changes do n o t  occur  i n  c o n t r o l  specimens 

t hey  can be a t t r i b u t e d  t o  SrF2 a t t a c k .  

Most o f  t h e  n i c k e l -  and cobal t- base a l l o y s  s u f f e r e d  bo th  types  o f  

a t t a c k .  I n  t h e  case o f  t h e  r e f r a c t o r y  and nob le  meta l  a l l o y s  t h e  a t t a c k  

cons i s ted  p r i n c i p a l l y  o f  chemical a t t a c k  and t h e r e  were few i n d i c a t i o n s  o f  

m i c r o s t r u c t u r a l  changes ( i n  some cases i t  was d i f f i c u l t  t o  eva lua te  p o s s i b l e  

mi c ros  t r u c t u r a l  changes because o f  t h e  ex tens ive  chemical a t tack?  



TABLE 1. Metal A t tack  i n  Test Specimens Exposed t o  
Nonradioact ive SrF2 a t  800°C f o r  1500 h r  

Depth o f  Metal Af fected,  m i l s  
Chemical Chanqe i n  

Ma te r i a l  

(a)  Haste l loy  C-276(,) 
Hay e  A1 l o y  25 
TzMlaf 
Haste1 1  oy C-4 
Has te l l oy  B  
Haste1 l o y  B-2 
Haste1 l o y  S 
Haynes A1 l o y  556 
Inconel 617 
Inconel  671 
Inco loy  800 
Rene 41 
Udimet 700 
Monel 400 
N icke l  200 
Ingo t  I r o n  
D u c t i l e  Cast I r o n  
316L SS 
3s 777 
Copper 
T i  tan i urn 
Hafnal l o y  2525 
Molybdenum 
Ni  obi  um 
Ta-10% W 
Mo-50% Re 
W-26% Re 
Rhen i um 
I r i d i u m  
I r- 0 .3% W 
Plat inum 
Go1 d  

At tack  ~i c r o s t r u c t u r e  

(a )  Tested as reference specimen 
(b )  - cou ld  n o t  be determined because o f  exten- 

s i v e  chemical a t t a c k  
( c )  CR-compl e t e  reac t i on  



O f  t h e  va r i ous  n i c k e l -  and cobal t- base a l l o y s  tes ted ,  none appeared as 

r e s i s t a n t  t o  SrF2 a t t a c k  as t h e  Haynes A l l o y  25 and H a s t e l l o y  C-276 which 

were eva lua ted  i n  t h e  i n i t i 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 .  Several  

r e f r a c t o r y  meta l  and nob le  metal  a l l o y s  appear t o  be q u i t e  r e s i s t a n t  t o  

SrF2 a t t a c k  and may o f f e r  p o t e n t i a l  as a  c l a d  m a t e r i a l  f o r  ' O S ~ F ~  i n  

spec ia l  a p p l i c a t i o n s .  The types o f  a t t a c k  observed i n  t he  va r i ous  couples 

a r e  discussed i n  t h e  f o l l o w i n g  sec t ions .  

H a s t e l l o y  C-276 - SrF2 

A t t ack  o f  t h e  H a s t e l l o y  C-276 was s i m i l a r  t o  t h a t  observed i n  t h e  

i n i t i a l  sho r t - t e rm  compati b i l  i ty  t e s t s  w i t h  ' O S ~ F ~ .  Chemical a t t a c k  con- 

s i s t e d  o f  genera l  su r f ace  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 

subsur face v o i d  f o rma t i on  (F igu re  1  - a) .  M i c r o s t r u c t u r a l  changes cons i s ted  

o f  a  su r f ace  l a y e r  severa l  m i l s  t h i c k  c o n t a i n i n g  a  heavy concen t ra t i on  o f  

abnormal p r e c i p i t a t e s  and an ad jacen t  i n n e r  l a y e r  where normal p r e c i p i t a t e s  

were 1  a r g e l y  depleted.  

Haynes A l l o y  25 - SrF2 

A t t ack  was s i m i l a r  t o  t h a t  found i n  t h e  i n i t i a l  sho r t - t e rm  t e s t s .  

Chemical a t t a c k  cons i s ted  p r i m a r i l y  o f  g r a i n  boundary a t t a c k  and p i t t i n g  

w i t h  some su r face  d i s s o l u t i o n  (F igu re  1  -b).  Dep le t i on  o f  normal a1 l o y  

p r e c i p i t a t e s  (Laves phase M6C ca rb ides )  was apparent i n  a  t h i n  sur face 

1  ayer.  

TZM - SrF2 

Very s l i g h t  chemical a t t a c k  w i t h  f o rma t i on  o f  a  t h i n  r e a c t i o n  l a y e r  

a t  t h e  specimen surface (F igu re  1 -c ) ,  some p i t t i n g  and g r a i n  boundary 

a t t a c k .  No apparent  changes i n  t he  m ic ros t ruc tu re .  

H a s t e l l o y  C-4 - SrF2 

Ex tens ive  chemical a t t a c k  c o n s i s t i n g  o f  a  genera l  su r f ace  r e a c t i o n  

w i t h  f o rma t i on  o f  an adherent r e a c t i o n  l a y e r  a t  t he  sur face.  Only  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 .  E t ch ing  o f  t h e  t e s t  specimen r e s u l t e d  

i n  l each ing  o f  p a r t  o f  t h e  r e a c t i o n  l a y e r  (F i gu re  1-d).  M i c r o s t r u c t u r a l  



+ (, k%k~ ,. 

FIGURE 1 .  Test nprosed t o  GF*' a t  800°C 
for 1 



changes cons is ted  o f  a  broad sur face l a y e r  conta in ing  heavy cont inuous 

g r a i n  boundary and i n t r a g r a n u l a r  p r e c i p i t a t i o n .  The bu l k  o f  t h e  specimen 

had on l y  s l i g h t  g r a i n  boundary p r e c i p i t a t i o n  and almost no i n t r a g r a n u l a r  

p r e c i p i t a t i o n .  

Has te l l oy  B - SrF2 

Chemical a t tack  consis ted o f  extensive leaching of a l l o y  components, s 

p r i n c i p a l l y  n i c k e l  and molybdenum, w i t h  some subsurface v o i d  format ion 

(F igure  2-a). M i c r o s t r u c t u r a l  changes consis ted of th ree  d i s t i n c t  l aye rs :  i 

a  t h i n  surface l a y e r  depleted o f  normal a l l o y  p r e c i p i t a t e s ;  an in te rmed ia te  

l a y e r  con ta in ing  very heavy i n t r a g r a n u l a r  p r e c i p i t a t i o n  and an i n n e r  l a y e r  
b 

conta in ing  abnormally heavy g r a i n  boundary p r e c i p i t a t i o n .  

Haste l loy  8-2 - SrF2 

The Has te l l oy  8-2 su f fe red  extensive a t tack  by the  S r F 2  Chemical 

a t tack  consis ted o f  a  general sur face r e a c t i o n  proceeding predominant ly 

a1 l o y  g r a i n  boundaries (F igure 2-b) . M ic ros t ruc tu ra l  changes consis ted o f  

two d i s t i n c t  l aye rs :  a  sur face l a y e r  adjacent t o ' t h e  chemical r e a c t i o n  

zone which was depleted o f  normal a l l o y  p r e c i p i t a t e s  and an i n n e r  l a y e r  

which had abnormally heavy i n t r a g r a n u l a r  p r e c i p i t a t i o n .  

Haste l loy  S - SrF, 

Chemical a t tack  consis ted p r i m a r i l y  o f  an extensive layered a t tack  

w i t h  fo rmat ion  o f  an adherent r e a c t i o n  l a y e r  (F igure 2-c).  Etching o f  

the. specimen leached ou t  much o f  t he  reac t i on  l aye r .  Subsurface v o i d  

format ion occurred t o  a  depth o f  several  m i l s  below the  r e a c t i o n  l aye r .  

M i c r o s t r u c t u r a l  changes consis ted of a  sur face l a y e r  several m i l s  t h i c k  

which was depleted i n  normal a l l o y  p r e c i p i t a t e s  and a  much wider  l a y e r  

con ta in ing  very heavy continuous p r e c i p i t a t i o n  along g r a i n  boundaries. 

Haynes A1 l o y  556 - SrF2 

The t e s t  specimens su f fe red  a  un i fo rm general a t tack  o f  t h e  metal 

surface w i t h  the  r e a c t i o n  proceding predominantly along g r a i n  boundaries. 

An adherent r e a c t i o n  l a y e r  formed on the sur face which leached away when 



FIGURE 2. Nickel Alloy Specimens Exposed to SrF2 at  800°C 
for 1500 hr 



the  specimen was etched leav ing  f ree metal fragments (F igure 2-d). Micro-  

s t r u c t u r a l  changes consis ted of a  t h i n  sur face l a y e r  where normal a l l o y  

p r e c i p i t a t e s  were l a r g e l y  depleted, e s p e c i a l l y  along the  g r a i n  boundaries. 

Inconel 617 - SrF2 

Chemical a t t a c k  o f  the  t e s t  specimen consis ted p r i m a r i l y  of a  general 

sur face a t t a c k  w i t h  format ion o f  an adherent reac t i on  l aye r .  Some i n t e r -  

g ranu lar  a t t a c k  and subsurface v o i d  format ion was a l so  apparent (F igure  3-a). 

The reac t i on  l a y e r  leached away when the  specimens were etched l eav ing  

s t r i n g e r s  o f  unreacted metal. M ic ros t ruc tu ra l  changes consis ted o f  a  

sur face l a y e r  con ta in ing  abnormally heavy i n t r a g r a n u l a r  p r e c i p i t a t i o n ,  except 

along g r a i n  boundaries where the  p r e c i p i t a t e s  were almost completely absent. 

Inconel  671 - SrF2 

The Inconel  671 suf fered very  heavy chemical a t t a c k  (F igure  3-b). 

I n te rg ranu la r  a t tack  and subsurface vo id  format ion ( i n v o l v i n g  leach ing  o f  

chromi um) predominated w i t h  some sur face d i sso lu t i on .  ~ i c r o s t r u c t u r a l  

changes cons is ted  of a  surface l a y e r  up t o  15 m i l s  wide i n  which the  bas ic  

s t r u c t u r e  o f  the  a l l o y  was apparent ly  mod i f ied  and an adjacent  l a y e r  con- 

t a i n i n g  extremely heavy d i s c r e t e  g r a i n  boundary p r e c i p i t a t e s .  

Inco loy  800 - SrF2 

The t e s t  specimens su f fe red  extensive uni form chemical a t t a c k  i n v o l v i n g  

leaching o f  a l l o y  components and s e l e c t i v e  a t tack  along g r a i n  boundaries 

(F igure  3-c). The m ic ros t ruc tu re  o f  the  a l l o y  appeared t o  be unef fec ted  

by the  chemical a t tack .  

Rene 41 - SrF2 

Chemical a t tack  o f  t he  t e s t  specimen was extensive and cons is ted  o f  

general d i s s o l u t i o n  o f  the  specimen sur face and extensive g r a i n  boundary 

a t t a c k  (F igure  3-d). M ic ros t ruc tu re  changes were l i m i t e d  t o  a  s i n g l e  

sur face 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 l a r g e l y  depleted - 
e s p e c i a l l y  i n  those areas adjacent t o  a f f e c t e d  g r a i n  boundaries. 



- FI'GURE 3. %emf '--& bpbclnans Exposed to SrF2 



Udimet 700 - SrF2 

The Udimet 700 suffered very heavy chemical a t t a c k  i n v o l v i n g  a  general  

layered  a t t a c k  o f  t he  specimen sur face and formation o f  a  adherent r e a c t i o n  

l a y e r  (F igure  4-a). The r e a c t i o n  proceded un i f o rm ly  across the  specimen 

sur face  w i t h  l i t t l e  evidence of g r a i n  boundary a t tack .  The m i c r o s t r u c t u r e  

ou ts ide  the  r e a c t i o n  l a y e r  appeared unaf fec ted  by t h e  chemical a t t ack .  

Monel 400 - SrF2 

Chemical a t t a c k  o f  t h e  t e s t  specimens cons is ted  o f  general  sur face  

d i s s o l u t i o n  w i t h  p i t t i n g  and subsurface v o i d  fo rmat ion  (F igure  4). There 

was l i t t l e  i n d i c a t i o n  i n  t h e  photomicrographs o f  g r a i n  boundary a t t ack .  

F ine  d i s c r e t e  i n t r a g r a n u l a r  p r e c i p i t a t e s  were present  i n  a  narrow l a y e r  

adjacent  t o  t h e  chemical r e a c t i o n  zone. 

N icke l  200 - SrF2 

The N icke l  200 su f fe red  ex tens ive  chemical a t t a c k  s o n s i s t i n g  p r i m a r i l y  

o f  i n t e r g r a n u l a r  a t t a c k  w i t h  some surface d i s s o l u t i o n  (F igure  4 4 ) .  Micro-  

s t r u c t u r a l  changes cons is ted  of a  t h i n  sur face  l a y e r  having an abnormal ly 

smal l  g r a i n  s i z e  and a  much w ider  l a y e r  con ta in ing  smal l  d i s c r e t e  p r e c i p i -  

t a t e s  adjacent  t o  t h e  g r a i n  boundaries. 

I n g o t  I r o n  - SrF2 

The i n g o t  i r o n  su f fe red  s u p r i s i n g l y  l i t t l e  a t t a c k  by t h e  SrF2 (F ig-  

u re  4-d).  Chemical a t t a c k  consis ted p r i n c i p a l l y  o f  sur face  d i s s o l u t i o n  

w i t h  some s l i g h t  p i t t i n g  and g r a i n  boundary a t tack .  No m i c r o s t r u c t u r a l  

changes were apparent i n  t h e  t e s t  specimen. 

D u c t i l e  Cast I r o n  - SrF2 

The d u c t i l e  cas t  i r o n  t e s t  specimen, which was 118 i n .  t h i c k ,  had 

completely reac ted  w i t h  t he  s t ron t i um f l u o r i d e .  V isua l  examinat ion o f  the  

SrF2 showed no evidence o f  a  r e a c t i o n  zone except f o r  t he  complete d i s -  

c o l o r a t i o n  t h e  SrF2 i n  t h e  couple. The complete r e a c t i o n  o f  t he  specimens 

very s u r p r i s i n g  considered the  l i m i t e d  a t t a c k  observed w i t h  i n g o t  i r o n .  

The t e s t  w i l l  be repeated us ing  a  d i f f e r e n t  source o f  d u c t i l e  c a s t  i r o n .  



FIGURE 4. Photomicrograph of Specllnens Contacted w i t h  SrFZ a t  800°C 
f o r  1500 h r  ' 



316L S ta in less  S tee l  - SrF2 

The 316L s t a i n l e s s  s t e e l  specimens suffered l o c a l i z e d  g r a i n  boundary 

a t t a c k  t o  a  depth o f  several  m i l s  accompanied by general  d i s s o l u t i o n  o f  t he  

metal surface (F igu re  5-a). M i c r o s t r u c t u r a l  changes were 1  i m i  t e d  t o  a  

t h i n  sur face  l a y e r  which conta ined very  f i n e  d i s c r e t e  i n t r a g r a n u l a r  

p r e c i p i t a t e s .  

Chemical a t t a c k  o f  the  t e s t  specimens cons is ted  o f  a  general  sur face  

a t t a c k  w i t h  l o c a l i z e d  g r a i n  boundary a t t a c k  and subsu.rface v o i d  format ion.  

An adherent r e a c t i o n  l a y e r  formed a t  the specimen sur face,  which leached 

away when the  specimen was etched l eav ing  fragments o f  f r e e  metal  (F ig-  

u re  5-b). There was a  d e p l e t i o n  of normal a l l o y  p r e c i p i t a t e s  i n  t he  

areas adjacent  t o  g r a i n  boundaries where chemical a t t a c k  had occurred. 

Copper - SrF2 

Chemical a t t a c k  o f  t h e  copper specimens (Copper 110, e l e c t r o l y t i c  

tough p i t c h  copper) was unusual i n  t h a t  v i s u a l  examinat ion o f  t h e  speci-  

mens gave no i n d i c a t i o n  o f  a t t ack ,  and t h e  sur face appearance o f  t h e  

specimens was t h e  same as t h a t  o f  t he  untested m a t e r i a l .  However, t he  

micrographs showed i n t e r g r a n u l a r  a t t a c k  and subsurface v o i d  fo rmat ion  

throughout t h e  specimens which were 0.5 i n .  i n  diam. x  0.375 i n .  t h i c k  

(F igure  5-c).  The a t t a c k  was due t o  SrF2 s ince  i t  was n o t  observed i n  

specimens tes ted  under s i m i l a r  cond i t i ons  w i t h o u t  SrF2 present  (F igu re  5-d). 

Despi te  t he  ex tens ive  chemical a t t a c k  the  m ic ros t ruc tu re  o f  t he  copper 

appeared t o  be unchanged. 

T i  t a n i  um-SrF2 

The t i t a n i u m  was badly  corroded by t h e  s t ron t i um f l u o r i d e .  Complete 

d i s s o l u t i o n  o f  a  s i g n i f i c a n t  f r a c t i o n  o f  t he  specimen i n  t he  SrF2 had 

occurred. Formation of an u n i d e n t i f i e d  r e a c t i o n  l a y e r  was apparent on 

p o r t i o n s  o f  the  corroded sur face (F igure  6-a). 



FIGURE 5. Specimens Exposed t o  SrF2 a t  800°C 
f o r  1500 h r  
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FIGURE 6. Metal Samples Contacted w i t h  SrF2 a t  800°C 
f o r  1500 hr 



Hafnal 1 oy 2525 

The Hafnalloy 2525 specimens were almost completely consumed by the 

strontium fluoride.  Examination of the SrF2 showed small fragments of . 
the specimen dispersed in the SrF2. 

Molybdenum - SrF2 

Chemical a t tack of the molybdenum specimen was greater  than expected 

considering the resistance of TZM t o  SrF2 attack.  General surface dissolu-  

t ion predominated w i t h  p i t t i ng  and some grain boundary at tack (Figure 6-b). 

Formation of a reaction layer was apparent on portions of the specimen 

surface. No microstructural changes were apparent in the specimens. 

Niobium - SrF2 

Chemical at tack of the niobium specimen consisted of a general surface 

at tack with formation of an adherent reaction layer (Figure 6-c).  No micro- 
s t ructural  changes were observed i n  the t e s t  specimens. 

The Ta-lO%W suffered extensive chemical a t tack by the SrF2. The at tack 

was uniform across the exposed surface; and appeared t o  proceed along grain 

boundaries leaving individual metal grains i n  an adherent reaction layer 

(Figure 6-d). The reaction layer leached away when the specimen was etched. 

The microstructure of the a l loy was unaffected by the SrF2. 

Chemical at tack of the Mo-50% Re samples consisted of a general 

layered at tack with formation of an adherent reaction layer. Some grain 

boundary at tack proceeded the layer at tack.  Etching of the  t e s t  specimen 
dissolved the reaction layer leaving small fragments of unreacted metal 

(Figure 7-a). 

W-26% Re - SrF, 

The W-26% Re specimens suffered a general surface at tack w i t h  formation 

of an adherent reaction layer. Etching of the specimen dissolved most of 

the reaction layer leaving some unreacted metal fragments (Figure 7-b). The 

microstructure of the a l loy appeared to  be unaffected by the SrF2. 



RHEN l UM 

FIGURE 7. Metal Specimens Exposed t o  SrF2 a t  800°C 
, f o r  1500 h r  



Rhenium - SrF2 

Rhenium was almost unaf fected by the SrF2 (F igure 7-c). One specimen 

e x h i b i t e d  what may be s l i g h t  p i t t i n g ,  b u t  the observed e f f e c t  may be due t o  
. a f l a w  i n  the  o r i g i n a l  t e s t  specimen. 

I r i d i u m  - SrF2 

The i r i d i u m  was completely unreac t ive  w i t h  the  SrF2 and there  was no 

evidence o f  f l u o r i d e  a t tack .  

The a l l o y  was completely unreact ive w i t h  the  SrFp and the re  was no 

evidence o f  SrF2 at tack.  

Plat inum - SrF2 

The p la t inum specimens, which were sect ions of p la t inum tubing, were 

p a r t i a l l y  consumed by t h e  SrF2. Recovered segments o f  t he  specimens are  

shown i n  F igure  7-d. At tack apparent ly  proceeded along g r a i n  boundaries 

l eav ing  fragments of unaffected metal. The reacted p lat inum apparent ly  

d isso lved i n  the  SrF2 as there  was no i n d i c a t i o n  o f  a  reac t i on  layer .  

Gold - SrF2 

The go ld  was p a r t i a l l y  consumed by the S r F 2  The t e s t  specimens were 

approximately 15 m i l s  t h i c k  and were completely corroded through a t  var ious 

spots, wh i l e  o ther  areas appeared t o  be unaf fected (F igure 8). 

HASTELLOY C-4 CORROSION RESISTANCE 

e 

Tests are  underway t o  measure the  seawater cor ros ion  res is tance and 

ox ida t i on  res is tance o f  Haste l loy  C-4. The i n i t i a l  t e s t s  u t i l i z e  the  
i 

a l l o y  i n  the s o l u t i o n  heat t rea ted  form as received from the  vendor. Future 

t e s t s  w i l l  use specimens which have been aged a t  var ious temperatures. Tests 

w i t h  welded specimens are a l so  planned. 



FIGURE 8. Gold Specimens Exposed t o  SrF2 a t  800°C 
f o r  1500 h r  

The seawater cor ros ion  t e s t s  a re  being c a r r i e d  o u t  a t  23°C us ing  

na tu ra l  seawater w i t h  and w i thou t  aerat ion.  I n i t i a l  r e s u l t s  (up t o  320 h r )  

i n d i c a t e  a  very s l i g h t  b u t  d e f i n i t e  weight l o s s  w i t h  a l l  the  t e s t  specimens. 

The a t t a c k  i s  s l i g h t l y  lower w i t h  the  aerated so lu t ion .  The average cor-  

r o s i o n  ra tes  f o r  t he  f i r s t  320 h r  exposure are  0.17 m i l s  per  year  w i t h  the  

aerated s o l u t i o n  and 0.21 m i l s / y r  w i t h  t h e  unareated so lu t i on .  A t  t he  

completion o f  the  t e s t s ,  which w i l l  l a s t  1000 hr ;  the  specimens w i l l  be 

examined me ta l l og raph ica l l y  t o  i d e n t i f y  a t t a c k  mechanisms. 

The ox ida t i on  t e s t s  a re  being c a r r i e d  ou t  a t  600 t o  1100°C i n  100°C 

increments. They w i l l  a l so  l a s t  up t o  1000 h r  depending on the  o x i d a t i o n  

rates.  The t e s t s  have j u s t  been s t a r t e d  and the i n i t i a l  data a r e  n o t  

y e t  avai  1  able. 
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