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PACIFIC NORTHWEST LABORATORY 

QUARTERLY REPORT 

ON SPACE NUCLEAR SYSTEMS PROGRAM 

FOR JULY-SEPTEMBER 1974 

STRONTIUM HEAT SOURCE DEVELOPMENT PROGRAM 

A t  Hanford, strontium w i  2 Z be separated. from the high- 
level m s t e ,  converted t o  the fluoride, and doubly encapsulated 
i n  small, high-integrity containers for subsequent long-tern 
storage. The fluoride conversion, encapsulation and storage 
w i l  Z take p lace i n  the Waste EncapsuZation and Storage Facili t ies 
(WESF) .  The encapsulated strontium fluoride represents an 
economicaZ source of 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 90srF2 heat sources and specifically the WESF 90srF2 
capsules. 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, crush strength, e tc  . 
The cmrent program i s  designed to  provide the required 
i n  fomna tion. 

SHORT-TERM SrF2 COMPATIBILITY TESTS 

The shor t - term c o m p a t i b i l i t y  t e s t s  cons i s t  o f  f o u r  ser ies  o f  t e s t s  

us ing n ine  d i f f e r e n t  containment ma te r i a l s  and f o u r  f l u o r i d e  f u e l  

composi t i  ons : 
1 . High p u r i t y  SrFp (>99.9%), 

2. High p u r l  t y  9 0 ~ r ~ 2 ,  
3. WESF grade ' O S ~ F ~ ,  and 

4. High p u r i t y  SrFp (>99.9%) conta in ing  c o n t r o l l e d  l e v e l s  o f  added 

i m p u r i t i e s ,  



The f i r s t  th ree  fuel  composit ions were t es ted  a t  800, 1000 and 1100°C w h i l e  

the  l a s t  composit ion was tes ted  a t  1000°C. The t e s t s  l a s t e d  1500 and 

4400 hours. 

The t e s t s  w i t h  the  h igh  p u r i t y  SrF2 have been completed and the  couples 
- 

analyzed; the  r e s u l t s  were presented i n  an e a r l i e r  repo r t .  The h igh  p u r i t y  

9 0 ~ r ~ 2  and WESF grade 9 0 ~ r ~ 2  t e s t s  have been completed and the  couples are  

now being analyzed. 

Analys is  o f  the ' O S ~ F ~  couples i s  being conducted a t  the  P o s t i r r a d i a t i o n  

Tes t ing  Faci 1 i t y  operated by HEDL. They have encountered severe problems i n  

processing the  couple t e s t  specimens because o f  'Osr contaminat ion o f  the  

work area. These problems are much more severe than were encountered i n  

processing the  9 0 ~ r ~ 2  couples from the WESF c o m p a t i b i l i t y  program. As a 

r e s u l t  of the  contaminat ion problems, processing o f  the couples i s  slow and 

o n l y  two o r  t h ree  can be processed per  week. To date, a t o t a l  o f  20 9 0 ~ r ~ 2  

couples have been analyzed. Accordingly,  arrangements have been made t o  

sh ip  a l a r g e  f r a c t i o n  o f  the  t e s t  specimens o f f s i t e  f o r  ana lys is  e a r l y  i n  

October. Approximately 50 specimens w i  11 be shipped t o  ORNL and s i x  t o  

B a t t e l  le-Col umbus f o r  ana lys is .  By shipping some specimens o f f s i  t e ,  ana lys is  

o f  the ' O S ~ F ~  couples should be completed before January. 

The 1500 hour - 1000°C t e s t s  w i t h  h igh  p u r i t y  SrF2 conta in ing  c o n t r o l l e d  

l e v e l s  o f  added i m p u r i t i e s  have been completed and the  4400-hour t e s t s  w i l l  

be completed i n  October. The f u e l  composit ions used i n  the  t e s t s  a re  g iven 

i n  Table 1. Microscopic examination o f  the  1500-hour couples has been com- 

p l e t e d  and photomicrographs have been obtained. The couples a re  now being 

analyzed by e l e c t r o n  microprobe and scanning e l e c t r o n  microscope. Pre l im inary  

est imates o f  metal a t t a c k  observed i n  the  1500-hour t e s t s ,  based on the  photo- 

micrographs, are g iven i n  Table 2. A complete eva lua t ion  o f  metal a t tack  

w i l l  be g iven when ana lys is  o f  the  couples i s  completed. 

On the  day the  1500-hour t e s t s  were scheduled t o  be stopped, a furnace 

c o n t r o l l e r  f a i l u r e  al lowed a f r a c t i o n  o f  the  couples t o  overheat t o  about 

1200°C f o r  a s h o r t  pe r iod  o f  t ime ( l e s s  than 4 hours);  the  overheated couples 

are  i n d i c a t e d  by an a s t e r i s k  i n  Table 2, none o f  the 4400-hr t e s t  couples were 

af fected.  Resul ts  o f  these t e s t s  w i l l  be needed t o  determine the  o v e r a l l  

e f f e c t  o f  t h i s  overheat ing. 

2 



TABLE 1. Composit ions of SrF -1mpuri t i e s  M ix tu res  
Used i n  Shor t -Tern $ o m p a t i b i l i t y  Tes ts  

Mix ture  

1 .  srt2 (as SrF2) 

~ a '  (as NaF) 

2. srt2 (as SrF2) 

cat2 (as CaF2) 

~ g * '  (as M ~ F ~ )  

~ a * ~  (as BaF2) 

3. srt2 (as SrF2) 

~ n * ~  (as MnF2) 

4. srt2 (as SrF2) 

pbt2 (as P ~ F ~ )  

5. srt2 (as SrF2) 

cut2 (as CuF2) 

6. srt2 (as SrF2) 

~ e * ~  (as FeF3) 

7. srt2 (as SrF2) 

~ 1 ' 3  (,s A1 FJ) 

8. srt2 (as SrF2) 

(as s ro )  

9. srt2 (as SrF2) 

NO; (as Sr(NOj)2) 



TABLE 2.  Prel iminary Estimate of Metal  Attack Observed 
i n  Couples Containing High-Purity SrF2 w i t h  
Control l e d  Levels of Added Impur i t ies  ( A f t e r  
1500 Hours a t  1000°C) 

Metal Impur i t y  Added Depth o f  Metal Affected** 
(m i l s )  

TZM* 

TZW 

T ZM 

TZM* 

TZM* 

TZM* 

TZM 

TZM 

TZM* 

TZM 

Haste1 1 oy C-276* 

Haste1 1 oy C-276 

Has te l l oy  C-276* 

Haste1 l o y  C-276 

Haste1 1 oy C-276 

Haste1 1 oy C-276* 

Has te l l oy  C-276 

Haste1 1 oy C-276 

NaF 

Mn F2 

PbF* 

CuF2 

Fe F3 

A1 F3 

(Ca-Ba-Mg) F2 

SrO 

Sr(N0312 

H2° 

NaF 

Mn F2 

PbF2 

CuF2 

Fe F3 

A1 F3 

(Ca-Ba-Mg) F2 

SrO 

NaF 

Mn F2 

PbF2 

CuF2 

Fe F3 

A1 F3 

(Ca-Ba-Mg) F2 

SrO 



TABLE 2. (contd) 

Metal  I m p u r i t y  Added 
Depth o f  Metal Af fected** 

( m i l s )  

Has t e l l  oy C-276* 

Has t e l l  oy C-276* 

Has t e l l  oy N 

Has t e l l  oy N 

Has t e l l  oy N 

Has t e l l  oy N 

Haste1 l o y  M 

Has t e l l  oy N 

Haste1 l o y  I4 

Haste1 l o y  N 

Haste1 1 oy N* 

H a s t e l l o y  N* 

Haste1 l o y  X 

H a s t e l l o y  X 

H a s t e l l o y  X* 

H a s t e l l o y  X* 

H a s t e l l o y  X 

Haste1 l o y  X 

Has t e l l  oy X;S 

H a s t e l l o y  X* 

Haste1 1 oy X*  

H a s t e l l o y  X* 

Haynes 25 

liaynes 25* 

Haynes 25 

Haynes 25* 

Haynes 25* 

Haynes 25 

Haynes 25 

Haynes 25 

Haynes 25* 

Haynes 25 

Sr(NO3I2 

H2° 

NaF 

Mn F2 

PbF2 

CuF2 

Fe F3 

A1 F3 

(Ca-Ba-Mg) F2 

SrO 

Sr(NO3I2 

H2° 

NaF 

Mn F2 

PbF2 

CuF2 

Fe F3 

A1 FQ 

(Ca-Ba-Mg) F2 

SrO 

Sr(N0312 

H2° 

NaF 

Mn F2 

PbF2 

CuF2 

Fe F3 

A1 F3 

(Ca-Ba-Mg) F2 

SrO 

Sr(N03)2 



TABLE 2. (contd) 

Metal  Impuri t y  Added Depth o f  Metal Af fected** 
( m i l s )  

Haynes 188 NaF 

Haynes 188* Mn F2 

Haynes 188 PbF2 

Haynes 188* CuF2 

Haynes 188 Fe F3 

Haynes 188 A1 F3 

Haynes 188 ( Ca-Ba-l,lg ) F2 

Haynes 188 SrO 

Haynes 188* Sr(N0312 

Haynes 188* H2° 

Inconel  600* NaF 1 

Incone l  600 Mn F2 

Inconel  600 PbF2 

Inconel  600 CuF2 

Inconel  600* Fe F3 

Incone l  600 A1 F3 

Inconel  600 ( ~ a - ~ a - ~ i )  F2 

Inconel  600 SrO 

Inconel  600* Sr(rJ0312 

Inconel  600* 

Incone l  625 

Inconel  625 

Incone l  625* 

Incone l  625* 

Inconel  625* 

Incone l  625 

Inconel  625* 

' Inconel 625* 

NaF 

Mn F2 
PbF2 

CuF2 

FeF3 

A1 F3 

(Ca-Ba-Plg) F2 

sro 
Inconel  625* Sr(r40312 ?i A 

Inconel  625 "2O 2- 3 

* Ind ica tes  couples which were overheated t o  1 2 0 0 ~ ~  f o r  a few hours. 
**Based on photomicrographs. 

***NA-not avai  1 able. 



The furnace excurs ion  occurred due t o  f a i l u r e  o f  two separate systems 

i n  t h e  furnace c o n t r o l l e r .  The c o n t r o l l e r  SCR power module f a i l e d ,  a l l o w -  

i n g  cont inuous power i n p u t  and a t  t he  same t ime, t he  overtemperature c o n t r o l  

sw i t ch  f a i l e d .  To p reven t  s i m i l a r  i n c i d e n t s  w i t h  t h e  o t h e r  furnaces be ing 

used i n  t h e  c o m p a t i b i l i t y  t e s t i n g  program, a  second overtemperature sw i t ch  

i s  be ing i n s t a l l e d  i n  each furnace system. The swi tches w i l l  operate o f f  

t he  temperature reco rde r  used t o  mon i t o r  each fu rnace  temperature and w i l l  

be separate f rom the  furnace c o n t r o l l e r .  The swi tches w i l l  be s e t  up t o  

shu t  o f f  power t o  t he  furnace i f  the  temperature exceeds a  predetermined 

1  eve1 . 

Cur ren t  p lann ing  c a l l s  f o r  the  analyses o f  a l l  t h e  shor t - te rm com- 

p a t i b i l i t y  t e s t  couples t o  be completed be fo re  January 1975. Th i s  w i l l  

a l l o w  s e l e c t i o n  o f  t he  t h r e e  containment m a t e r i a l s  t o  be used i n  the  long-  

term c o m p a t i b i l i t y  t e s t s  by January and t he  s t a r t  o f  long- term t e s t i n g  i n  

March. 

DISSOLUTION RATE OF g o ~ r ~ 2  

A  p r i n c i p a l  f a c t o r  t o  be considered i n  t h e  s a f e t y  ana l ys i s  o f  "s~F, 
L 

heat  sources i s  t h e  s o l u b i l  i ty and d i s s o l u t i o n  r a t e  o f  i n  aqueous 

media. A  major  a c t i v i t y  o f  t h e  S t ron t i um Heat Source Development Program 

i n  FY-1975 wi 11 be t o  measure t he  d i s s o l u t i o n  r a t e  .and so lub i  1 i t y  o f  WESF 

g o ~ r ~ 2  i n  aqueous media. 

The o b j e c t i v e s  o f  t he  " S ~ F  d i s s o l u t i o n  r a t e s  s tud ies  w i l l  be t o  2 
o b t a i n  s u f f i c i e n t  d i s s o l u t i o n  da ta  t h a t  the  r e g u l a t o r y  agencies can accu- 

r a t e l y  access the  hazards i n v o l v e d  i n  us ing  a  'OsrFp source. A secondary 

o b j e c t i v e  w i l l  be t o  p rov ide  s u f f i c i e n t  da ta  t o  p e r m i t  a  v a l i d  comparison 

between g " ~ r ~ p ,  " s r ~ i 0 ~  and 9 0 ~ r 2 ~ i 0 4  d i  sso l  u t i o n  r a t e s  and so l  u b i  1  i t i e s .  

The problem o f  ''5, compound d i s s o l u t i o n  i n  aqueous s o l u t i o n s  i s  

ext remely  complex. A number o f  v a r i a b l e s  can a f f e c t  t h e  d i s s o l u t i o n  r a t e s  

i n c l  ud i  ng: 

1. Compound su r f ace  area, 

2. Compound b u l k  geometry, 



3 .  Types and amounts of i m p u r i t i e s  p resen t  i n  t h e  compound, 

4. Thermal h i s t o r y  of  t he  compound, and 

5. Temperature o f  d i s s o l u t i o n  media. 

Because o f  t h e  numerous v a r i a b l e s  i nvo l ved ,  i t  i s  d i f f i c u l t  t o  compare 

r a t e  data f o r  t h e  d i f f e r e n t  " ~ r  compounds and t o  compare r a t e  data ob ta ined  

by d i f f e r e n t  i n v e s t i g a t o r s .  When comparisons a r e  made, ca re  must be taken 

t o  see t h a t  t h e  compounds be ing  compared a r e  adequately descr ibed  w i t h  

regard  t o  composi t ion,  sur face area, e t c .  

To demonstrate t he  e f f e c t s  o f  major  v a r i a b l e s  on t h e  SrF2 d i s s o l u t i o n  

ra tes ,  a  number o f  SrF composit ions, prepared by var ious  methods, w i l l  be 2  
tes ted .  

To demonstrate the  exper imenta l  techniques t o  be used, t h e  d i s s o l u t i o n  

r a t e  o f  non rad ioac t i ve  SrFp i s  be ing  determined be fo re  work on WESF ' ' s ~ F ~  

i s  s t a r t e d .  Two d i f f e r e n t  procedures have been cons idered f o r  making t h e  

r e q u i r e d  measurements. 

1. A s t a t i c  (nonf low) system i n  which SrF2 i s  contacted w i t h  a  known 

vo l  ume o f  s o l u t i o n  and t h e  inc rease  i n  s t ron t ium '  concen t ra t i on  i s  

f o l l o w e d  as a  f u n c t i o n  o f  t ime.  

2. A dynamic ( f l ow )  system i n  which s o l u t i o n  i s  pumped a t  a  known r a t e  

i n t o  a  r e a c t i o n  vessel  c o n t a i n i n g  SrF2, and t he  ove r f l ow  f rom t h e  

vessel  i s  analyzed f o r  i t s  d i sso l ved  s t r on t i um con ten t .  

The non rad ioac t i ve  s t r o n t i u m  i n  s o l u t i o n  i s  determined by f lame photometry.  

The a n a l y t i c a l  procedure has a  p r e c i s i o n  o f  approx imate ly  +5% o f  t h e  s t r o n -  

t i u m  present .  An a t tempt  was made t o  use 8 5 ~ r  t r a c e r  and gamma energy 

a n a l y s i s  t o  determine d i sso l ved  s t ron t ium,  b u t  t he  method was dropped 

because t he  coun t i ng  r a t e  was t o o  low t o  p rov ide  a  r e l i a b l e  measure of t he  

s t r o n t i u m  concent ra t ion .  The ' O S ~  i n  s o l u t i o n  w i l l  be determined by be ta  

coun t ing  ( a f t e r  ag ing t o  a1 low t h e  ''Y t o  reach e q u i l i b r i u m )  and p o s s i b l y  

by atomic adso rp t i on  us ing  a  f lame less  atomic adso rp t i on  u n i t .  

I t  was found t h a t  t h e  s t a t i c  system cou ld  n o t  be used t o  o b t a i n  .a 

r e l i a b l e  measure o f  t he  d i s s o l u t i o n  r a t e  o f  SrF2. As t he  s t r o n t i u m  concen- 

t r a t i o n  i n  s o l u t i o n  increased,  t he  d i s s o l u t i o n  r a t e  decreased. A t  t he  h i g h  



s t r o n t i u m  concen t ra t ions  t h e  va r iance  of  t he  a n a l y t i c a l  procedure exceeded 

t h e  p e r i o d i c  inc rease  i n  t h e  s t r o n t i u m  concen t ra t i on .  T h i s  made t h e  c a l -  

c u l a t i o n  o f  a  d i f f e r e n t i a l  d i s s o l u t i o n  r a t e  u n r e l i a b l e .  

I 
Work w i t h  t h e  s t a t i c  system was dropped i n  f a v o r  of t h e  dynamic ( f l o w )  

I .  

I 
system. There a re  severa l  advantages t o  us ing  a  f l o w  system f o r  measuring 

I d i s s o l u t i o n  r a t e s  as compared t o  a  s t a t i c  system. The dynamic system more 

I .  c l o s e l y  s imu la tes  an acc i den t  c o n d i t i o n .  I f  a  ' O S ~ F ~  source i s  breached 

I i n  a  l a r g e  body o f  water,  such as t h e  ocean, t h e  wa te r  c u r r e n t s  would d i s -  

I . perse t h e  d i s s o l v e d  s t r o n t i u m  and p reven t  i t  f rom approaching t h e  e q u i l i b r i u m  

I c oncen t ra t i on  (which occurs w i t h  t h e  s t a t i c  system).  The dynamic system 

1 measures t h e  maximum d i s s o l u t i o n  r a t e .  I n  t h e  dynamic system t h e  d r i v i n g  

I fo rce f o r  s t r o n t i u m  d i s s o l u t i o n  i s  g r e a t e r  because t h e  average concen t ra t i on  

I of s t r o n t i u m  i n  s o l u t i o n  i s  lower  than i s  t he  case w i t h  t h e  s t a t i c  system. 

I Wi th  t h e  s t a t i c  system t h e  d i s s o l u t i o n  r a t e  c o n t i n u a l l y  decreases w i t h  t ime  

as t h e  s t r o n t i u m  concen t ra t i on  o f  t h e  s o l u t i o n  inc reases .  With t h e  dynamic 

system, t he  d i s s o l u t i o n  r a t e  i s  r e l a t i v e l y  cons tan t  ( a f t e r  t h e  f i r s t  few 

hours) .  A ske tch  o f  t h e  equipment used i n  t h e  dynamic d i s s o l u t i o n  r a t e  

measurements i s  shown i n  F i gu re  1.  The SrF2 t o  be t e s t e d  i s  p laced i n  a-  

g l ass  tube  and h e l d  i n  p l ace  w i t h  g l ass  wool p lugs .  The t e s t  s o l u t i o n  i s  

f lowed i n t o  t h e  tube a t  a  c o n t r o l l e d  r a t e  us i ng  a  s y r i n g e  pump o r  g r a v i t y  

f low.  The temperature o f  t h e  s o l u t i o n  i n  t he  tube i s  measured w i t h  a 

thermometer. The s o l u t i o n  over f low ing  t h e  tube i s  sampled p e r i o d i c a l  ly, 

f i l t e r e d  th rough  a 0.05-micron M i l l e p o r e  f i l t e r  and analyzed f o r  s t r o n t i u m  

and f l u o r i n e .  I n  t h e  t e s t s  w i t h  non rad ioac t i ve  SrF t h e  s t r o n t i u m  i s  2  ' 
determined by f lame photometry and t h e  f l u o r i n e  by a  f l u o r i d e  s p e c i f i c  i o n  

e l ec t r ode .  

Several  d i f f e r e n t  grades o f  s t r o n t i u m  f l u o r i d e ,  prepared by d i f f e r e n t  

methods, have been t es ted .  The types o f  SrF2 used, how t h e  samples were 

prepared, and t h e i r  su r f ace  areas a re  descr ibed  i n  Tab le  3. For  comparison 

purposes samples o f  SrT i03 and Sr2Ti04 were a l s o  t es ted .  These m a t e r i a l s  

a re  a l s o  descr ibed  i n  Tab le  3. 
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FIGURE 1. Dynamic System Used t o  Measure D i s s o l u t i o n  
Rate o f  Stront ium Compounds 



TABLE 3. Compounds Evaluated i n  D i s s o l u t i o n  Tests 

Sur ace Area 
I d e n t i f i c a t i o n  (cm 5 /gram 
Number Desc r i p t i on  o f  Ma te r i a l  of compound) 

SR-1A SrF2 powder con ta in ing  0.5% impur i t i es ;  
f i r e d  a t  l l O O ° C  f o r  20 hours; crushed 
t o  - 1/4 i n .  + 118 i n .  lumps. 

SR-1 B SrF2 powder con ta in ing  0.5% i m p u r i t i e s ;  
f i r e d  a t  900°C f o r  20 hours; crushed t o  
- 114 i n .  + 118 i n .  lumps. 

SR-2 Commercial SrF powder (99.5%); f i r e d  a t  
1 100°C f o r  48 Eours; crushed t o  - 114 i n .  
+ 118 i n .  lumps. 

SR-3A High p u r i t y  SrF powder (>99.9%); f i r e d  
a t  1100°C f o r  26 hours; crushed t o  
- 114 i n .  + 118 i n .  lumps. 

SR-3B High p u r i t y  SrF powder (>99.9%); fused 
a t  1500°C; crusged t o  - 114 i n .  + 118 
i n .  lumps. 

SR-3C High p u r i t y  SrF2 powder (>99.9%) ; pressed 
i n t o  p e l l e t s  a t  70% TD; f i r e d  a t  1100°C 
f o r  4 hours; crushed t o  - 114 i n .  + 1/8 
i n .  lumps. 

SR-3D High p u r i t y  SrF powder (>99.9%); pressed 
t o  p e l l e t s  a t  76% TD; f i r e d  a t  1100°C f o r  
20 hours; crushed t o  - 114 i n .  + 118 i n .  
1 umps . 
High p u r i t y  SrF powder (>99.9%) + 10 w t %  
NaF; f i r e d  a t  1 ? 0 0 " ~  f o r  20 hours; crushed 
t o  - 114 i n .  + 118 i n .  lumps. 

WESF grade SrF2 powder; f i r e d  a t  1100°C 
f o r  20 hours; crushed t o  - 1 /4  i n  + 
118 i n .  lumps. 

SrTiOg powder f i r e d  a t  1450°C f o r  4 hours; 
crushed t o  - 114 i n .  + 118 i n .  lumps. 

Sr2Ti04 powder f i r e d  a t  1450°C f o r  4 
hours; crushed t o  - 114 i n .  + 118 i n .  
1 umps . 



Four d i f f e r e n t  s o l u t i o n s  are  being used i n  the  d i s s o l u t i o n  t e s t s :  

deminera l ized water  having a  r e s i s t i v i t y  of 2  megohms, p l a n t  t a p  water, 

syn the t i c  seawater(a) con ta in ing  13.9 mgle s t ront ium, and n a t u r a l  seawater 

taken from the  S t r a i t  of Juan de Fuca a t  Sequim, Washington. A l l  grades o f  
* 

SrF2 and the  two t i t a n a t e s  w i l l  be t es ted  w i t h  each s o l u t i o n .  

With SrF2 t h e  d i s s o l u t i o n  r a t e  i s  h igh  i n i t i a l l y ,  bu t  decreases w i t h  

t ime u n t i l  an e q u i l i b r i u m  l e v e l  i s  reached. The t ime requ i red  t o  reach 

e q u i l i b r i u m  va r i ed  somewhat between samples, bu t  the  e q u i l i b r i u m  l e v e l  was 

normal ly  a t t a i n e d  w i t h i n  24 hours. F igure  2  shows data obta ined w i t h  com- 

merc ia l  SrF2, which had been f i r e d  a t  l l O O ° C  f o r  48 hours and crushed t o  

114 i n .  + 118 i n .  lumps (see Table 3 - SR-2), and deminera l ized water.  I n  

t he  case o f  t he  t i t a n a t e s  the  d i s s o l u t i o n  r a t e  decreased c o n t i n u a l l y  w i t h  

t ime, and d i d  n o t  reach an e q u i l i b r i u m  l e v e l  even though the  runs cont inued 

f o r  several  days. 

D i s s o l u t i o n  r a t e  data obta ined w i t h  nonrad ioac t ive  SrF2, t o  date, a re  

presented i n  Table 4 where the  values, which are  given, represent  the  

e q u i l i b r i u m  d i s s o l u t i o n  r a t e s .  D i s s o l u t i o n  r a t e  data f o r  t h e  

t i t a n a t e s  a re  summarized i n  Figures 3 and 4. 

The r a t e  da ta  i s  presented i n  two forms: 

1. as micrograms o f  s t ron t i um d isso lved  per  hour per  gram o f  

s t ron t i um being tes ted ,  and 

2. as micrograms o f  s t ron t i um d isso lved  per  hour per  square cent imeter  

o f  compound surface. 

The two se ts  o f  u n i t s  were used t o  a l l o w  a  more v a l i d  comparison of t h e  

d i s s o l u t i o n  r a t e s  o f  t he  SrF2 and t i t a n a t e s .  

S t ron t ium f l u o r i d e  has a  r e l a t i v e l y  low m e l t i n g  p o i n t  (%1450°C) com- 

pared t o  t he  s t ron t i um t i t a n a t e s .  S i n t e r i n g  o f  the SrF, normal ly  occurs 
L 

i n  t h e  temperature regime where a  ' O S ~ F ~  source i s  expected t o  operate 

(800 t o  1000°C). As a  r e s u l t  the  sur face area o f  the  ' O S ~ F ~  i n  a  source 

(a )  Composition taken from T. P. May and A. T .  Alexander, Proc. ASTM, 
V O ~ .  50, pp. 1131-41, 1950. 
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FIGURE 2 .  D i s s o l u t i o n  Rate o f  Commercial SrF2 
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FIGURE 4. D i s s o l u t i o n  Rate of Sr2TiOq a t  24°C 
i n  a Dynamic System 



SrF2 

Tested 

TABLE 4. Equilibrium Dissolut ion  ate(^) of  SrF2 
i n  Aqueous Media a t  24OC 

Dissolu t ion  Rate 
I I I 

( A )  Obtained using a dynamic (flow) system. 

pg Sr  

Demineral 
Water 

620 + 40 

980 k1 20 

235 + 17 

880 a190 

170 + 30 

350 + 40 

1200 +I40 

140 + 24 

Natural 
Seawater 

0.21 2 0.03 

0.42 2 0.02 

0.48 2 0.13 

0.094 k0.005 

0.092 20.01 

0.080 20.01 

0.092 k0.05 

0.053 aO.01 

S r  Dissolved/hr  - cm 2 

Natural 
Seawater 

110 + 16 

350 +240 

150 + 47 

8 3 k  4 

120 + 17 

100 + 15 

52 + 30 

50 + 14 

Dissolved/hr 

Tap 
Water 

680 + 80 

1160 +240 

330 +200 

220 + 30 

240 2 26 

170 + 29 

- g S r  

Synthe t ic  
Seawater 

220 + 27 

200 2 42 

90 + 22 

130 k 40 

76 + 27 

Synthe t ic  
Seawater 

0.61 20.08 

0.56 k0.12 

0.10 20.02 

0.080+0.03 

0.080+0.03 

Demineral Tap 

- el Water Water 

1.2 20.07 1 .3  + 0.15 

1.2 k0.15 

0.64k0.05 

1 .20+0.26 

0.19+0.03 

0.2720.03 

1 .5  k0.19 

0.15+0.03 

1 .4  + 0.28 

0.92+ 0.56 

0.24 20.03 

0.18 20.02 

0.18 k0.03 



w i l l  be reduced s i g n i f i c a n t l y  w i t h  t ime and temperature as s i n t e r i n g  occurs.  

Also, i m p u r i t i e s  i n  t h e  (such as NaF and decay products)  w i l l  a f f e c t  

i t s  s i n t e r i n g  c h a r a c t e r i s t i c s  and su r f ace  area. These f ac to r s  make i t  

d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o  accu ra te l y  d e f i n e  t h e  surface area o f  

i n  an ope ra t i ng  surface. The i n i t i a l  su r f ace  areas can be approx i -  

mated b u t  t he  change i n  surface w i t h  t ime  and temperature i s  d i f f i c u l t  t o  

p r e d i c t .  Th i s  i s  n o t  t he  case w i t h  t i t a n a t e  sources because no apprec iab le  

s i n t e r i n g  o r  change i n  sur face  area occurs below 1100°C. 

Comparison o f  t h e  d i s s o l u t i o n  r a t e s  of SrF2 and t h e  t i t a n a t e s  i s  com- 

p l  i c a t e d  by t h e  f a c t  t h a t  t he  su r f ace  areas of  t he  two t i  tanates a re  much 

g r e a t e r  than those o f  t h e  f l u o r i d e  samples t es ted .  I f  the  comparisons a re  

based on compound surface areas, t he  d i s s o l u t i o n  r a t e s  a r e  g e n e r a l l y  h i ghe r  

f o r  t he  f l u o r i d e s  than f o r  e i t h e r  t i  tanates.  However, if t h e  comparison i s  

based on t h e  amount o f  con ta ined  s t r o n t i u m  t h e  d i s s o l u t i o n  r a t e s  f o r  t he  

f l u o r i d e s  a re  lower  than t h a t  o f  Sr2Ti04 and about t he  same as t h a t  o f  t h e  

SrTi03. Th is  can be seen by r e f e r r i n g  t o  F igure  5 where the  seawater d i s -  

s o l u t i o n  r a t e s  o f  t h e  two t i t a n a t e s  and commercial SrF2 a r e  compared. S i m i l a r  

comparisons can be made w i t h  t h e  o t h e r  f l u o r i d e  samples. 

I n  an ope ra t i ng  source o f  a  g i ven  heat  ou tpu t ,  t he  number o f  grams 

of r e q u i r e d  w i l l  be t he  same regard less  of t he  s t r o n t i u m  compound used. 

Therefore, i n  cons ide r i ng  source safety,  i t  appears reasonable t o  base t he  

comparison o f  f l u o r i d e  - t i t a n a t e  d i s s o l u t i o n  r a t e s  on t h e  conta ined s t r o n -  

t ium. Th i s  be ing  t he  case, based on PNL measurements, the  f l u o r i d e  i s  l e s s  

hazardous than t h e  Sr2Ti04 and about equ i va len t  t o  t he  SrTi03.  

The M a r t i n  company(') has made some d i s s o l u t i o n  r a t e  measurements on 

non rad ioac t i ve  SrF2, SrT i03 and Sr2Ti04 us ing  bo th  dynamic and s t a t i c  sys- 

tems. A  comparison o f  t h e  PNL and M a r t i n  da ta  ob ta ined  w i t h  a  dynamic 

system i s  g iven  i n  Table 5. The SrF d i s s o l u t i o n  r a t e s  g i ven  a r e  t h e  equ i -  2  
1  i b r i  um v a l  ues. The ti tana te  d i  sso l  u t i o n  r a t e s  g i ven  a re  t h e  nonequi 1 i b r i  um 

r a t e s  a f t e r  20 hours exposure. 

(1  ) J. H. Gray, "So lub i  1  i ty Study of S t ron t i um Fuel Compounds ," MND-3062-29, 
M a r t i n  Company; Ba l t imore ,  MD, 1966. 
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FIGURE 5. Comparison of the Dissolution Rates for Sr2Ti03, 
Sr2TiOq and Commercial SrF2 in Seawater 



TABLE 5. Comparison o f  PNL and M r t i n  Company 
D i s s o l u t i o n  Rate ~ a t a ( ~  7 

M a t e r i a l  

SrF2 (b  

( a )  A t  %24"C. 

( b )  The PNL SrF2 was WESF grade (SR-4, see Table 3 ) .  The M a r t i n  SrF 
was prepared by a  f lowsheet  s i m i l a r  t o  t he  WESF f lowsheet .  The $ rF2  
was f i r e d  a t  1200°C f o r  7 hours and ground. The-60 + 80-mesh f r a c -  
t i o n  was used i n  t h e  t e s t s .  The m a t e r i a l  had a  su r f ace  area o f  
93 crn21g. 

( c )  The M a r t i n  SrT i03  had a  su r f ace  area 62 cm21g. The m a t e r i a l  was 
f i r e d  a t  1400°C f o r  12 hours and ground. The-60 + 80-mesh f r a c t i o n  
was used i n  t h e  t e s t s .  

( d )  The M a r t i n  Sr2Ti04 had a  su r f ace  area o f  65 The m a t e r i a l  was 
f i r e d  a t  1400°C f o r  12 hours and ground. The-60 + 80-mesh f r a c t i o n  
was used i n  t h e  t e s t s .  

( e )  The SrF2 d i s s o l u t i o n  r a t e s  a re  t h e  e q u i l i b r i u m  r a t e s ,  and t he  
t i t a n a t e s  d i s s o l u t i o n  r a t e s  a re  t he  d i f f e r e n t i a l  r a t e s  a f t e r  20-hours 
exposure. A1 1  r a t e s  were ob ta ined  w i t h  a  dynamic ( f l o w )  system. 



A d i r e c t  comparison of t he  PNL and M a r t i n  da ta  i s  d i f f i c u l t  t o  make 

because o f  t h e  d i f fe rences  i n  surface area of t h e  var ious  m a t e r i a l s .  The 

PNL prepared t i t a n a t e s  have a  much g rea te r  su r face  area than t h e  M a r t i n  

prepared compounds. On a  pe r  gram o f  s t r o n t i u m  bas is ,  t h e  PNL t i t a n a t e s  

have a  much g r e a t e r  d i s s o l u t i o n  r a t e  than t h e  M a r t i n  compounds, b u t  much 

lower  d i s s o l u t i o n  r a t e s  on a  sur face  area bas i s .  The PNL SrF2 has a  lower  

d i s s o l u t i o n  r a t e  than t h e  M a r t i n  f l u o r i d e  on a  pe r  gram o f  s t r o n t i u m  bas i s  

and a  much lower  d i s s o l u t i o n  r a t e  on a  sur face area bas is .  From t h e  above 

comparisons, i t  can be seen t h a t  t he  compounds be ing  compared must be 

adequate ly  descr ibed  i n  o rde r  t o  make the  comparison have meaning. 

STRONTIUM FLUORIDE PROPERTY MEASUREMENTS 

Work i s  underway t o  determine t he  thermal d i f f u s i v i t y ,  heat  c a p a c i t y  

and thermal expansion o f  S r F 2  The thermal c o n d u c t i v i t y  o f  t h e  f l u o r i d e  

w i  11 be c a l c u l a t e d  f rom the  thermal d i f f u s i v i  ty  and heat  capac i t y  data.  

S ince t h e  r a d i o a c t i v i t y  assoc ia ted  w i t h  t h e  ' O S ~ F ~  has no s i g n i f i c a n t  

e f f e c t  on these p r o p e r t i e s ,  t he  measurements a re  be ing made us ing  non- 

r a d i o a c t i v e  SrF2 by J. L.  Bates o f  t h e  Ceramic and Graph i te  Sec t ion .  

Three grades o f  SrF2 a re  be ing  evaluated:  

1. High p u r i t y  SrF con ta in i ng  l e s s  than 0.1 wt% t o t a l  i m p u r i t i e s .  
2  

2. Commercial SrF c o n t a i n i n g  0.5 w t %  t o t a l  i m p u r i t i e s .  2  
3. WESF grade SrF2 c o n t a i n i n g  about 4 wt% i m p u r i t i e s .  The composi t ion 

used was based on t h e  a n a l y s i s  o f  ' O S ~ F ~  prepared by PNL us ing  

s o l u t i o n  ob ta ined  f rom ARHCO and t h e  WESF f lowsheet .  

Each grade o f  f l u o r i d e  was c o l d  pressed i n t o  p e l l e t s  and f i r e d  a t  800°C 

i n  a i r .  The d i f f u s i v i t y  measurements r e q u i r e  p e l l e t s  approx imate ly  3/8 i n .  

i n  d iameter  by 0.05 i n .  t h i c k .  It was d i f f i c u l t  t o  prepare s t a b l e  p e l l e t s  

o f  t h e  r e q u i r e d  dimensions w i t h o u t  t he  use o f  a  d i e  l u b r i c a n t .  S a t i s f a c t o r y  

p e l l e t s  were ob ta ined  us ing  a  s t e a r i c  a c i d  l u b r i c a n t ,  which was removed 

f rom the  p e l l e t  d u r i n g  t h e  f i r i n g  opera t ion .  P e l l e t s  o f  va r ious  d e n s i t i e s  

were prepared by p ress ing  t h e  f l u o r i d e  a t  d i f f e r e n t  pressures. The thermal 

d i f f u s i v i t y  measurements on t h e  var ious  p e l l e t s  a re  now underway. 



Thermal expansion measurements on the  th ree  f l u o r i d e s  are a l so  underway 

us ing p e l l e t s  318 i n .  i n  diameter by about 314 i n .  long. The o r i g i n a l  p lan  

was t o  determine the  thermal expansion up t o  1100°C. However, two problems 

were encountered which made i t  necessary t o  l i m i t  the  measurements t o  about 

1. A t  temperatures above about 950°C a reac t i on  occurs between the  

f l u o r i d e  and the  quar tz  p o r t i o n  o f  the d i la tometer .  

2. A t  about 900°C a so f ten ing  o f  the f l u o r i d e  p e l l e t  occurs which r e s u l t s  

i n  p e l l e t  shrinkage r a t h e r  than expansion. This  probably i s  due t o  a 

e u t e c t i c  formation between the SrF2 and any NaF present  i n  the  f l u o r i d e .  

Such a reac t i on  i s  t o  be expected w i t h  the  WESF grade SrF2, bu t  i s  

su rp r i s i ng  w i t h  the  h igh  p u r i t y  SrF2 which conta ins l ess  than 1000 ppm 

t o t a l  impur i t i es .  

The r e s u l t s  o f  thermal expansion and thermal d i f f u s i v i  t y  s tud ies  w i  11 be 

repor ted when a l l  the  data are ava i l ab le .  

Work has s t a r t e d  on d e f i n i n g  the SrF2 - ZrF phase diagrams. Samples 4 
of SrF2 conta in ing  1, 3, 5, 10, 15, 20, 30, 40 and 50 mol% ZrF4 were sealed 

i n  i n d i v i d u a l  quar tz  ampoules under vacuum. The samples were then heated 

t o  800°C f o r  2 hours. Each sample i s  now being analyzed by X-ray d i f f r a c -  

t i o n .  I n i t i a l  d i f f e r e n t i a l  thermal ana lys is  s tud ies  i n  argon w i t h  the 

samples conta in ing  5 mol% and 10 mol% ZrF4 i n d i c a t e  t h a t  there  are  no 

molten phases present below 1150°C. The DTA a l so  f a i l e d  t o  show any vola-  

t i l i z a t i o n  o f  ZrF4 which i s  su rp r i s i ng  because ZrF4 i s  repor ted  t o  sublime 

above 600°C. This  could i n d i c a t e  the format ion of a h igh-mel t ing - nonvola- 

t i l e  compound between the  SrF2 and ZrF4. 

PROGRAM WORK PLAN 

The work p lan  f o r  Stront ium Heat Source Development Program has been 

completed. The work p lan  was submitted t o  SNS i n  September f o r  review. 
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