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The 20,000-hr c o m p a t i b i l i t y  t e s t s  us i ng  WESF ' O S ~ F ~  have been completed. The t e s t  

capsules were shipped t o  Oak Ridge Na t i ona l  Laboratory (ORNL) and meta l  l og raph i c  examina- 

t i o n  o f  t he  t e s t  specimens i s  now underway. 

Work con t inues  on the  f i n a l  design o f  the  p ro to t ype  ou te r  capsule. E f f o r t s  are under- 

way t o  o b t a i n  t he  Has te l l o y  S  and Has te l l o y  C-4 t o  be used i n  f a b r i c a t i n g  t he  p ro to t ype  

ou te r  capsules. Puncture t e s t i n g  o f  the  s tand- in  s t e e l  ou te r  capsule was c a r r i e d  o u t  w i t h -  

o u t  damage t o  t h e  capsule. E f f o r t  cont inued on impact t e s t i n g  o f  t h e  s tand- in  capsule. 

Tests t o  measure the  o x i d a t i o n  r a t e s  o f  Has te l l o y  S  and Has te l l o y  C-4 i n  a i r  a t  600° 

t o  800°C are con t inu ing .  Shor t - term t e s t  da ta  f o r  up t o  2500-hr exposure i nd i ca ted  t h a t  

o x i d a t i o n  o f  the  two a l l o y s  adhered t o  p a r a b o l i c  r a t e  r e l a t i o n s h i p s .  Specimens ox i d i zed  

f o r  5000 h r  and 7500 h r  e x h i b i t e d  e r r a t i c  o x i d a t i o n  behavior ,  and t he  average o x i d a t i o n  

r a t e s  were l ess  than p red i c t ed  by p a r a b o l i c  r a t e  equat ions developed f rom the  shor t - te rm 

r a t e  data. Room-temperature t ens i on  t e s t i n g  o f  specimens o x i d i z e d  i n  a i r  a t  600° t o  800°C 

f o r  up t o  7500 h r  i nd i ca ted  t h a t  o x i d a t i o n  had no s i g n i f i c a n t  e f f e c t  upon t he  room- 

temperature t e n s i l e  p r o p e r t i e s  o f  t he  two a l l o y s .  
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STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

H. H. Van Tuy 1, 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. 6. A t t e r i d g e  
F. A. Simonen 

A t  Hanford, strontium is separated from the high-level waste, converted t o  
the  f luor ide ,  and doubly encapsulated i n  small, high-integrity containers for  
subsequent long-term storage. The f luor ide  conversion, encapsulation, and s tor-  
age take place i n  the  Waste Encapsulation and Storage F a c i l i t i e s  (WESF). The 
encapsulated strontium f luor ide  represents an economical source of 9 0 ~ r  i f  the 
WESF capsule can be licensed for heat source applications under ant ic ipated use 
conditions. The .objectives of t h i s  program a re  to  obtain the data needed t o  
l icense  g 0 ~ r ~ 2  heat sources, and spec i f i ca l ly  the WESF 9 0 ~ r ~ 2  capsules. 
The information needed for  l icensing can be divided i n t o  three  general task areas: 

Task 1 - Chemical and Physical Properties of 9 0 ~ r ~ 2  

Task 2 - 9 0 ~ r ~ 2  Compatibility Studies 

Task 3 - Capsule Qual i f ica t ion and Licensing 

Effor ts  are  proceeding concurrently on a l l  three tasks  t o  obta in  the required 
information. 

TASK 1 - CHEMICAL AND PHYSICAL PROPERTIES OF ' O S ~ F ~  (H. T. Ful lam) 

No a c t i v i t y  t h i s  q u a r t e r .  

TASK 2 - 'OS~F, COMPATIBILITY STUDIES (H. T. Ful lam) 

A l l  o f  t h e  rema in ing  c o m p a t i b i l i t y  t e s t s  a re  proceeding as scheduled. The capsules 

f r o m  t h e  20,000-hr t e s t s  w i t h  ' O S ~ F ~  were shipped t o  t h e  Oak Ridge N a t i o n a l  Labora to ry  

(ORNL) f o r  ana lys is .  The capsules have been sect ioned,  and meta l  l o g r a p h i c  examinat i o n  o f  

t h e  t e s t  specimens i s  underway. 

Supplemental c o m p a t i b i l i t y  t e s t s  w i t h  n o n r a d i o a c t i v e  SrF2 a re  underway u s i n g  t e s t  

capsules hav ing  a meta l  surface-to-SrF2 volume r a t i o  (S/V) o f  0.9 cm-' ( t h e  WESF 

' O S ~ F ~  s to rage  capsu le  has an S/V o f  0.87 cmml). The SrF2 used i n  t h e  t e s t s  con- 

t a i n s  i m p u r i t i e s  s i m i l a r  t o  those found i n  WESF ' O S ~ F ~ .  The 12,000-hr t e s t s  have been 

completed, and t h e  meta l  specimens examined. The r e s u l t s  ob ta ined  a re  p resen ted  i n  

Table 1, and d a t a  f r o m  t h e  1000- and 6000-hr t e s t s  a re  a l s o  i n c l u d e d  f o r  comparison pur -  

poses. Photomicrographs o f  t h e  t e s t  specimens a re  shown i n  F igures  l, 2 and 3. E v a l u a t i o n  

o f  t h e  t e s t  r e s u l t s  show t h a t ,  o v e r a l l ,  a t t a c k  o f  t h e  specimens d i d  n o t  inc rease  s i g n i f i -  

c a n t l y  as t h e  exposure t i m e  was inc reased  f r o m  6000 t o  12,000 hours. Th is  con f i rms  t h e  

r e s u l t s  ob ta ined  w i t h  n o n r a d i o a c t i v e  SrF2 t e s t  capsules hav ing  l a r g e r  S/V va lues  (i.e., 
1 2.5, 4.5 cm' ). The r e s u l t s  p r o v i d e  a d d i t i o n a l  evidence t h a t  meta l  a t t a c k  i s  due p r i -  

m a r i l y  t o  i m p u r i t i e s  i n  t h e  SrF2 and t h a t  t h e  i m p u r i t i e s  a r e  consumed i n  a r e l a t i v e l y  

s h o r t  p e r i o d  o f  t ime.  



TABLE 1. Estimated Attack o f  M t a l  Specimens Exposed t o  Nonradioactive s ~ F * ( ~ )  - 
Capsule S/V = 0.9 cm- f 

Hastel loy C-276 6 00 

800 

1000 

Haynes A1 1 oy 25 600 

800 

1000 

TZM 600 

800 

1000 

(a)  SrF2 contained impur i t ies approximating those found i n  WESF ~ O S ~ F ~ .  
( b )  Estimated from photomicrographs. 

TASK 3 - CAPSULE QUALIFICATION AND LICENSING (D. G. A t te r idge)  

Capsule Design 

Evaluat ion of the proposed outer  capsule design continued dur ing  t h i s  quarter .  Work 

was concentrated on impact and puncture t e s t i n g  o f  the stand-in AISI-1018 s t e e l  capsules. 

The puncture t e s t i n g  was completed t h i s  quarter ,  along w i t h  the eva luat ion  o f  the drop t e s t  

capsule alignment and re lease mechanism and the photographic drop event record ing equip- 

ment. 

The 0.5-in. w a l l  th ickness stand- in s t e e l  capsule used i n  the puncture t e s t i n g  was the 

same capsule t h a t  wi thstood the  1000-bar hyd ros ta t i c  t e s t  reported on i n  the  previous quar- 

t e r l y  repor t .  The capsule was puncture tes ted a t  the th ree locat ions  shown i n  Figure 4: 

a t  the  middle o f  the  capsule, a t  the  inner edge o f  the capsule l i d ,  and a t  the  inner  edge 

of the weld. The th ree puncture drops l e f t  s l i g h t  indentat ions on the capsule surface bu t  

d i d  not  puncture the  capsules, as was evident  from v i s u a l  inspect ion and substant iated by 

subsequent hel ium leak checking. 

Two sets  o f  capsule drops were made from our 30-foot drop tower t h i s  quar ter  i n  order 

t o  evaluate d i f f e r e n t  photographic equipment. We desired m u l t i p l e  p i c tu res  o f  the  l a s t  

e i g h t  f e e t  o f  the drop w i t h  s u f f i c i e n t  reso lu t i on  c a p a b i l i t y  t o  a l low measurement o f  the 

o f f - v e r t i c a l  capsule ax i s  angle a t  impact. A high-speed 35 mn camera was used t o  record  

one se t  o f  t e s t  drops, wh i l e  a high-speed 16 mn movie camera was used t o  record the second 

set  o f  tes ts .  I t was found t h a t  t he  35 mn camera gave sharp photographs, as shown i n  

Figure 5, b u t  was not  f a s t  enough t o  assure capture o f  more than one photograph dur ing  the  

l a s t  e i g h t  f e e t  o f  t he  drop. The movie camera was able t o  capture m u l t i p l e  photographs o f  

the drop event b u t  gave r e l a t i v e l y  poor capsule r e s o l u t i o n  when i n d i v i d u a l  frames were 

blown up t o  8-in. x 10-in. p r i n t s .  Nevertheless, i t  i s  f e l t  t h a t  the  16 mn f i l m  y i e l d s  
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FIGURE 1. Haste1 1 oy C-276 Spec irnens Exposed t o  Nonrad ioac t i ve  SrF2 
Capsule S/V  = 0.9 crn-I 

f o r  12,000 h r  - 
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FIGURE 2. Haynes Alloy 25 Speci ens Exposed to Nonradioactive SrF2 for 12,000 hr - 
Capsule S/V = 0.9 cm- 'I! 
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FIGURE 3. TZM Specimens Exposed to Nonradioactive SrF2 for 12,000 hr - 
Capsule S/V = 0.9 cm-l 



FIGURE 4. Sketch Showing Loca t ions  of t h e  Three Puncture Tests  on t h e  S t e e l  
Stand-In Capsule 

s u f f i c i e n t  r e s o l u t i o n  t o  a l l o w  a n g l e - o f - s t r i k e  measurements, and thus  w i l l  be used f o r  

r e c o r d i n g  subsequent capsule drops. I t was a l s o  determined t h a t  t h e  capsule drop and 

r e l e a s e  mechanism i s  f u n c t i o n i n g  c o r r e c t l y  and w i l l  r e q u i r e  o n l y  s l i g h t  m o d i f i c a t i o n  t o  be 

ready t o  use i n  t h e  upcoming s t a n d - i n  capsule drops. 

E f f o r t s  a re  underway t o  o b t a i n  the  H a s t e l l o y  S  and H a s t e l l o y  C-4 t o  be used i n  f a b r i -  

c a t i n g  t h e  p r o t o t y p e  o u t e r  capsule. I t i s  a n t i c i p a t e d  t h a t  t h e  m a t e r i a l  w i l l  be o rdered  i n  

January, w i t h  a  p lanned d e l i v e r y  t i m e  o f  3 t o  4  months. 

O x i d a t i o n  o f  H a s t e l l o y  S  and H a s t e l l o y  C-4 (H. T. Ful lam) 

Tests  a re  c o n t i n u i n g  t o  measure the  r a t e  o f  o x i d a t i o n  o f  H a s t e l l o y  S  and H a s t e l l o y  C-4 

i n  a i r  a t  600" t o  800°C. The t e s t s  w i l l  l a s t  up t o  10,000 hours. The 7500-hr t e s t s  have 

been completed, and examinat ion o f  t h e  t e s t  coupons i n d i c a t e d  e r r a t i c  o x i d a t i o n  behav io r  o f  

t h e  two a l l o y s .  A  number o f  specimens t e s t e d  f o r  7500 h r  e x h i b i t e d  l e s s  we igh t  g a i n  due t o  

o x i d a t i o n  than  d i d  corresponding specimens t e s t e d  f o r  s h o r t e r  t imes. None o f  t h e  coupons 

showed any evidence o f  s p a l l i n g  o f  t h e  o x i d e  l a y e r ,  and t h e  reason(s)  f o r  t h e  e r r a t i c  

behav io r  has n o t  been determined. Resu l t s  f rom t h e  shor t - te rm t e s t s  (up t o  2500 h r )  showed 

t h a t  o x i d a t i o n  o f  t h e  two a l l o y s  a t  600° t o  800°C adhered t o  p a r a b o l i c  r a t e  r e l a t i o n s h i p s ;  

b u t  the  longer - te rm o x i d a t i o n  r a t e s  were l e s s  than  p r e d i c t e d  by p a r a b o l i c  r a t e  equat ions 

developed f rom t b e  s h o r t - t e r m  data. Th is  can be seen by r e f e r r i n g  t o  F igures  6  and 7, i n  
2 2 4  which the  o x i d a t i o n  d a t a  f o r  the  two a l l o y s  are p l o t t e d  as Am (mg /cm ) vs. exposure 

t ime i n  hours. A  l i n e a r  r e l a t i o n s h i p  i n d i c a t e s  adherence t o  a  p a r a b o l i c  r a t e  

r e l a t i o n s h i p .  A l though the  we igh t  g a i n  da ta  i n d i c a t e d  e r r a t i c  o x i d a t i o n  behav io r ,  

m e t a l l o g r a p h i c  examinat ion o f  t h e  7500-hr t e s t  specimens showed t h a t  t h e  o x i d a t i o n  

mechanisms were s i m i l a r  t o  those observed i n  the  shor t - te rm t e s t s .  Micrographs o f  

specimens f rom t h e  7500-hr t e s t s  are shown i n  F igures  8  and 9. 

The t e n s i l e  specimens f rom t h e  5000- and 7500-hr o x i d a t i o n  t e s t s  were t e n s i o n  t e s t e d  

a t  room temperature. Resu l t s  ob ta ined  w i t h  t h e  H a s t e l l o y  S  specimens a re  presented i n  

Table 2  and F igures  10, 11 and 12, w h i l e  the  H a s t e l l o y  C-4 r e s u l t s  are g iven  i n  Table 3 and 

F igures  13, 14 and 15. E v a l u a t i o n  o f  t h e  t e s t  r e s u l t s  i n d i c a t e s  t h a t  o x i d a t i o n  o f  t h e  two 

a l l o y s  a t  600°C t o  800°C, f o r  up t o  7500 hr,  has no s i g n i f i c a n t  e f f e c t  on t h e i r  room- 

temperature t e n s i l e  p r o p e r t i e s .  



FIGURE 5. Photograph o f  a 30-Foot Drop Test  o f  an AISI-1018 Steel Capsule 
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FIGURE 6. Oxidat ion o f  Haste l loy  S i n  A i r  i n  a  Mu f f l e  Furnace 
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FIGURE 7. Oxidat ion o f  Haste l loy  C-4 i n  A i r  i n  a  Mu f f l e  Furnace 

Seawater Corrosion o f  Haste1 l ay  S and Hastel loy C-4 (H. T. Fu l  lam) 

The t e s t s  t o  evaluate the res is tance o f  Haste l loy  S and Haste l loy  C-4 t o  seawater co r -  

ros ion  are cont inuing.  The 5000-hr t e s t s  have been completed, and the  t e s t  coupons exam- 

ined. A l l  o f  the t e s t  specimens exh ib i t ed  some surface d isco lora t ion ,  as shown i n  

F igure  16, bu t  as can be seen i n  Figures 17 and 18, weight change measurements cont inue t o  
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TABLE 2. Room-Temperature Tens ' 1 P r o p e r t i e s  o f  Has te  1 l o y  S specimens( a) 
Aged i n  A i r  o r  Vacuurnlbj  a t  600°C, 700°C, and 800°C 

Ultimate 
Tensile Strength, Yield Strength, Elongation, % 

Agin Temp., Aging Time, 
%c 

k s i  k s i  Uniform Total 
h r  Vacuum A i r  Yacuum --------- 

(Solln(tgnealed 
Al loy) 

(a) Four t ens i l e  specimens heated i n  a i r  and 2 t ens i l e  specimens heated i n  vacuum f o r  each set o f  t es t  
conditions. 

(b) Tensile specimens heated i n  evacuated quartz envelopes i n  the same furnaces as the specimens heated 
i n  a i r .  

( c )  Solution annealed a l l o y  as received from the vendor. 

TABLE 3. Room-Temperture Tens i  e P r o p e r t i e s  o f  Has te1  l o y  C-4 spec imens(a)  
Aged i n  A i r  o r  Vacuumlb) a t  600°t, 7OO0C, and 800°C 

Ult imate 
 ensile Strength, Y ie ld  Strenqth, Elonqation. % 

(Sol 'n(87nealed 
A l loy)  

600 
600 

600 

600 

700 

700 

700 

700 

800 

800 

800 

800 

(a)  Duplicate specimens tested at  each set o f  condit ions. 
(b)  Specimens heated i n  evacuated quartz envelopes i n  the same furnaces as the specimens heated i n  a i r .  
( c )  Solut ion annealed a l l o y  as received from the vendor. 
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FIGURE 10. Room-Temperature Tensi le Propert ies o f  Hastel loy S Aged i n  
A i r  o r  Vaccum a t  600°C 

ind i ca te  on ly  very s l i g h t  corrosion. Corrosion o f  the  Hastel loy C-4 coupons was much 

greater  than cor ros ion  o f  the Haste l loy  S coupons ( 4  t o  5X), b u t  i t  was s t i l l  very low. If 

one assumes un i fo rm s u r f  ace corrosion, the  average Haste l loy  C-4 specimen weight loss a f t e r  

5000 h r  exposure corresponds t o  a cor ros ion  r a t e  o f  about 0.4 pm/yr (1.5 x in. /yr) .  

Since the  cor ros ion  i s  no t  uniform, t he  depth o f  metal a f f ec ted  by seawater a t tack  would be 

greater  than the ca lcu la ted average cor ros ion  rate,  bu t  should s t i l l  be low. Meta l lo -  

graphic examination o f  the  coupons from the 5000-hr t e s t s  provided no v i s u a l  evidence o f  

cor ros ion  o f  the two a l l o y s  by the seawater. Microscopic examination o f  prestressed speci-  

mens f rom the 5000-hr t e s t s  showed no evidence o f  st ress-corrosion c rack ing o f  e i t h e r  

a l l oy .  

Tens i le  specimens from the 5000-hr t e s t s  were tension tes ted a t  room temperature. The 

r e s u l t s  obtained are presented i n  Table 4. Evaluat ion o f  the data shows t h a t  the room- 

temperature t e n s i l e  p rope r t i es  o f  the two a l l o y s  are unaf fected by exposure t o  f l ow ing  sea- 

water f o r  t imes o f  up t o  5000 hours. 
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FIGURE 16. Haste 1 loy  S and Haste1 loy  C-4 Test Coupons, Inc luding Tens i le  Specimens, 
Exposed to Flowing Natural .  Seawater f o r  5000 h r  



' 

EACH DATA POINT I S  AVERAGE VALUE 
FOR THREE TEST COUPONS , , 

w- 

5 0 
I 
U 

5 
g -am 
3 
b 
I- -am 
U e 

-------- ---- 

(/\lo 

0 EACH DATA POINT I S  AVERAGE VALUE 
- FOR FOUR TEST COUPONS 

L I / . I 1 I I  

FIGURE 18. Cor ros ion  o f  Has- 
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FIGURE 17. Cor ros ion  o f  Has- 
t e l l o y  S i n  F lowing 
N a t u r a l  Seawater a t  

. Ambient Temperature 
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TABLE 4. Room-Temp r t u r e  T e n s i l e  P r o p e r t i e s  o f  H a s t e l l o y  S and H a s t e l l o y  C-4 tf Specimens a Exposed t o  F low ing  N a t u r a l  Seawater a t  Ambient Temperature 

Ultimate Tensile 
Exposure Time, Strength, Yield Strength, Elon at ion % 

Material h r  k s i  k s i  -- ijdk-h- 
Hastelloy S (Sol 'n Annealed 

A1 loy) (127.6) 

Hastelloy C-4 (Solln(%ynealed 
Al loy) (121.0) 

(a) Four tens i le  specimens of each a l loy  tested fo r  each time period and average values 
reported. 

(b)  Solution annealed a l loy  as received from the vendor. 
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