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1. Coinposition 

a . Radionucl.i.dic abundance 

Isotope $ Abundance 

"OSr 55 .0 
"aSr 43.9 
" 6 ~ ~  1.1 

The se va.lue s were obtained by a iiia,s s - 
s;Oe c: t rome t 1- i c n ria 1y s is of f i 8 si on -product 
::.tr.ont; ium. average nro1ecul.a.r weight of 
f i s  sriorl-proCtui2-L s.brontii.,Ui? i s  89.00. 

b .  R a d  i.ochernica1 p u r i t y  

The p r i n c i p a l  radiomc1.i.de other than "ITr 
1.s . 
on t h e  l e n g t h  of time s i n c e  reactor d.i.sclierge, 
as shown in. the Yol1owi.ng ka.111~. 

89 Sr ( T ~ . , Z  = 50.4 d), wii(3se content; depends 

Ca1cula.ted Ra.tios OF "Sr/""Sr A c t i v i t i e s  
a.s R Function of Cooling Tirne Since Reactor 

Discharge With a.n l r r a d i a . t i o n  Time of 200 Days 

Cooling t i me, R a t i o  of a c t i v i t i e s  
dt-lyj: ~%,./"*S,. 

50 29 

100 1.5 

200 4 .o 
300 

400 
1.10 

0.30 

 lie r a t i o  of '"~r t o  'OXY a c t i v i t i e s  w i l l  decrease 
by a f a c t o r  of q . 0  fox- each SO d a y s  of cool ing 
t i m e .  



c . Chemical cornposition* 

(1) Range of composition 

Cat ion Maxirnwn,+rt % Mini mum, a 
Sr  97 92 
C3 5 2 

Brl 2 0.5 

Mg 2 0 

One i-yain of' "Sr w j l l  produce an average 
of 0.0232 g of' "'Lr a f t e r  one y e a r ' s  decay. 

( 2 )  Averak:e chemical compositjon 

Caiion M e t a l ,  wtd" Metallatom 6 
Sr 95 96.69 
Ca 3.5 1.60 

Ra 1.0 1-57 
ME 0.5  0.1'1- 

'The 144Ce c o n s t i t u t e s  0.03% of i h e  r a d i o a c t i v i t y  
a t  a maximum. Cesiurr-l3( has been found t o  be as 
high a s  0.003% of the t o t a l  ac t iv i ty - .  ituthenium- 
106 has not bee11 found ill t he  s t r o n t i i m  feed .  

2 .  Spec i f i c  Powg~ 2, 4, 5 

a .  0.529 wat i /g  of 100% strontiimi metal (55% "Sr) 
0.503 wat t /g  o f  meta l  (95% Sr-5$ Ca, Ba ,  Me) 

It i s  assumed t h a t  t h e r e  a r e  142 cur i e s /g  o f  
"Sr aiid l'c9 c u r i e s  of "Sr per  thermal  w a t t .  

b .  (8.1 c u r i e s  of "OSr per. gram of 100% s t ront ium 

(4.2 c u r i e s  of "Sr per  g r a m  of 9j4 s t ront ium 
mstal (55%   OS^) 

meta l  

3. Radiat ion 

a .  Alpha  p a r t i c l e s  - none 

"Keml_ts of analyses  on s t ront ium t i t a n a t e  Eeed samples of the F i s s ion  
Products Tlevelopaent Laboratury a t  Oak Ridge N a i i o i l a l  Laboratory.  



b. IJ&a partic.-l.es 45 6 

.- I- 

c .  GarLlrna - none 

d. Bremsstrahlung IC, 6 

The high-energy bx-emsstrahlimg photons from 
"'Sr and "Y i n  matrices of S r 0  and SrTiQ3 
a re  given i n  Appendi-x 1 (TahI.es 1-4). 
of 90:;,-30-- .t a c t i v i t i e s  require slightly n io~e  
sh ie ld ing  than sources of L37C~-13 '7R~.  ac-Livities 
because of the high energy of' some of' t h e  brems- 
strahlung rad ia t ion  from whic'ii emits a. 
2.27-Mev beta pari;icl.e, 

Sources 

e .  Neutrons - nom 

4. Cr- i t ica l  &lass 

Strontium-90 sricl "Y are  not Sissionable .  

5. Compatibi l i ty  Wit'n Materials of Contni nment 

See USA!C lipt. 07QJJ,-!4189, Compatibility Data 
I Sheets for Cerium-1144 
and ~ t r o n t i i m - 9 0  *-_I (classified). 

Cesium-l37, Curium ----2 

a .  Densi-ty 

'0. Coef f i c i en t  o f  t,hcrrnnl. cxpans ion  

2.0 x 10-5/OC 

'I 

8 
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c .  S p e c i f i c  heat and en tha lpy  

(I) S p e c i f i c  hea t  

0.0719 tal. g-' " c ' . ~  (25"c) 

( 2 )  Sntl-ialpy j.n calories/mole 

Kf - ks8 5.31 T + 1.66 x LO-3 l2 - 1.731. 
(298-862"~) 

Hnl - HpSa ~ 9.12 T - 358~ (862-101lj"~) 

AH t r a n s i t i o n  = 200 calories/mo~.e at 862% 

d. Temperatures of phase t ransformat ions  

(I) Melting poin t  I... 772°C 
( 2 )  Ro i l ing  point, - 1372°C 

3 

10 

8 
8 

e .  Latent heats of phase t ransformat ions  

NI i r a n s i t i o n  (a  -+ p )  = 200 calories/mole (589"~) 
AH Tiision (772"~) = 2400 caIories/mole 10 

AH vapor i za t ion  (1372°C) ~ 33,200 ca lor iPs / rnok  

10 

9 

f ' .  Vapoy pressure  

Atmosphere 

5 x 

8.7 x io-" 
0.129 

0 * 585 
1.9 
4.84 

'Temperature , " C 
227 11 

p ' 
1127 
1327 

1527 
1.727 

e .  Thermal conduc t iv i ty  

cal- em-' seerm1 "c-' Tempe ra ture  , " C 

0.3 20 12 (ca) 

0.385 100 1.3 (Re) 
0.290 300 
0.247 500 

0.206 ,700 
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h .  The emaI d i f h s i v i t y  

i. ViscosiLy 

14, 1.5 

a. Hardness 

16 -18 (Brinell) 

b. Crush strength 
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STRONTLUP-90 METAL -.--. 

( 2 )  Free energy of  forniation 

Zero - by d e f i n i t i o n  of s tandard  s t a t e  

( 3 )  Entropy 

S&e 1 2 . 5  eu 

D .  Chemical r e a c t i o n s  and r e a c t i o n  ra tes  
(oxygen, n i t rogen ,  water., steam, hydrogen, 
l i  quid netals,  o t h e r )  

(1) Oxygen - f a s t  

( 2 )  

( 3 )  
(4) Water - r e a c t s  

( 5 )  Inorganic  a c i d s  - r e a c t s  

12, 19 

Niirogen a t  room temperature - no r e a c t i o n  

Nitrogen a t  e leva ted  temperature - r e a c t s  

The ”Sr to le rances  taken fieom Ref. 20 a r e  
given i n  t h e  i d h l e  on t h e  fol lowing pae;?. 

10. P Shie ld ing  ..-I___ Data 

20 

See t h e  s e c t l o n s  under S t r o n i i u n  T i t a n a t e ,  I . R .  10, 
and S t i . o n t i u m  Oxide, I .  C .lo, f o r  shieldln,: d a t a .  



c 
* 
The u " ~ b r e - ~ L ~ t i o n s  SI and UJI refer -to the gastrointestinal t r a c t  m d  lower Parge i n t e s t i n e ,  respective%. 
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13. STRON'l'IlJM TITANATE (SrTi03) 
REFERENCE COLUMN 

1. .-. Composition 

a .  Kadionuclidic abundance 

The r ad ionuc l id i c  abundances a r e  given j.rl 

Sec t ion  I . A .  1 .  

b .  Radiochemical- pu r i iy  

The radiochemical p u r i t y  i s  given in 
S e c t j o n  P . A . L .  

e .  Chemical composition" 

(1) Range of  composition 

-4- Cation Maximum, w t  $ Minimum, w i  $ 

Sr 9 7 92 
Ca 5 2 

%a 2 0.5 

Mg 2 0 

One gram of "SI- w i l l  produce an average of 
0.0232 g of "Zr af t2r .  one y e a r ' s  decay .  

( 2 )  Average chemical composition 

MeLal Content, i ' i tanate  Conteat, 
oxide w t  compouna w t  $2 

SrO 52.5 Srli'iO3 92 - 5 
CaO 2.3 CaTri03 5.6 
H a 0  0.5 EiaTi03 0.8 
MgO 0.4 MgTi 03 1 . 1  

Ti02 44.5 

~ . - I  --- 

The s t ront ium metal. content of pure f i s s i o n -  
produci S rT i03  i s  48.167'0. 
The s t ront ium metP1. conten t  of averag:e f i s s i o n -  
product S rT i03  i s  )t4-55$. 
The as-processed SrTiO3 w i l l  con ta in  24.5% "Sr. 
The '*"Ce c o n s t j t u t e s  0.037'0 of t h e  r a d i o a c i i v i t y  
a t  a maximum. The C s  has been found t o  be a s  
high a s  0.003% of t h e  t o t a l  a c t i v i t y .  The l o s R u  
a c t i v i t y  has not beeii found. These a c t i v i t i e s  can 
be neglected cornpared i o  t h e  bremsstrahlung r a d i a t i o n .  

137 

"Rpsults of ana lyses  on s t ron t ium t i t a n a t e  r e e d  samples of the  F i s s i o n  
Products Development Laboratory a t  Oak Ridge Nat iona l  Laboratory.  



Ra d iat lion 

Tbe radiation w i 1 - 1  be -the same a s  given .under 
Section Z .A. 3. 

C r i t i c a l  Mass 

Strontium-90 and "9 a m  not rissi.onsb1.e. 

Compat ib i l i ty  Wi6h M a t e r i a  1 s Containment 

The fo l lowing  r e s u l t s  were obta.ined on SrTi.QZ, 21 

C ont  ai ric Y' Maxirmvin p e  ne t r a . t  i o ri  , rnli 1. s 
r n a t  e r i a l  1-68 1i:c 500 hr 1.000 hr 

S r T i 0 3  - l.QOO"C: 

Haynes 25 Traces 0.1. 0.2 

Mionel 1 - 5  1.7 2.0 
Tmgste  i l  Trace 5 0.2 1.5 

MoL:fbdeiiiXn. NO a.ti;a.c:k TJo a t t a c k  NO ai;ta.c!i 

TZM Mo a.JCtack No a t t a c k  No a- t tack 

S rT i03  - 1.85O"C 

Mol.ybdeuum No attack. Na a,t tack No a t t a c k  
N i ob i 1x21 No a t tack  -- No attack 
Tant a1i.m. No a.tta.1-k T r a c e s  5.0 
Irmgsten No a t t a c k  -- No a t t a c k  
TZM No a t t a c k  Traces 5 .O 

The rrriopliy s i c  a . 1  P r o p  rt ie s 

a .  DensiLy 

22 



b. Coeffici-ent of thermal expansion 

a 11.2 ~ O " ~ / " C  (100-7oo"c) 

e .  S p e c i f i c  hea t  and en tha lpy  

(I) S p e c i f i c  heat  i n  c a l  g-'I O C - l  

0.154 t 1.11 x lo-" T - 2.49  x lo3 T-? 

( T  i s  i n  O K )  

( 2 )  Enthalpy i n  calories/mol.e 

H~ - H~~~ = 28.23 T + 0.88 x 

( T  i s  i n  OK) 

T~ 

1- 4.66 10" - 10,058 

d .  Temperatures of  phase transfoririations 

(I) MelLiug poin t  - 19lO"C 

( 2 )   oil ine; p j f * t ,  - ?>OO-~OOO"C 

e .  Jjatent hea t s  of phase t ransformat ions  

AH fus ion  (not  a v a i l a b l e )  

AH vapor i a t ion  71 kcal/mole 

(calculated from Trouton ' s  rule) 

3 4 

7 

8 

f .  Vapor pressure  

g .  Thermal conduct iv i ty  

(I) SrO:TiOz = 1.00 26 

Tne fol lowing equai ion w a s  derived from data  
by a method of J e ? s t  mean squares .  The d a t a  
covered the range 350 to 900°C. Useful  
rang? oE equat ion i s 200 to -~400"C. 

l/k 55.76 i O.0673T OK c a l  CM-' seei1 O C ' " l  

* Temperature, Thermal conduct iv i ty  , 
O C  ____.l_l. c a l  ern-' see-' O C-' 

200 
400 
600 
800 

1000 
12 00 
1..400 

0.01.J4 1 0.0015 
o.oogg 0.0003 
0.0088 0.0001 
0.0078 I o.oooi 
0.0071. I 0.0002 
O.OOhj 0.0003 
0.0060 + 0.0003 

Determined on t h e o r e t i c a l l y  dense pt.1Lets of 
s t o i c h  i ometr ic  S r T j  03 with  a composition of 

Y 
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STRONTlUM TITANAW ( Sr'I'i.03) 

h. Thermal d l f f u s i v i t y  

Temperature, 
OY( 

200 
400 
600 
800 

1000 
1200 
14-00 

mPERENCE COLUMN 

* Thermal d i  f f u s i v i t y ,  
CrrF  / b 2 c 

0.0151 

0.0107 

0.0083 

0.0068 

0.0124 

0.0093 

0.0075 

These values  were ca l cu la t ed  by d iv id ing  the  
therriial conductivi  t y  by t h e  product of t he  spaci  f i e  
hea t  and the  d e n s i i y .  

x- 

i .  Viscos i ty  

k .  T o t a l  hemi-spherical. emittance 

1. S p e c t r a l  emis s iv i ty  

m .  CrystaJUography 

n .  S o l u b i l i t i e s  

The leach  r a t e  of  "'SrTi03 conta in ing  35 c u r i e s  
of' " O S r  per gram of t i t a n a t e  i s  -0.05 mg m-2 day-' 
i n  water for t he  f i r s t  t e n  days exposure and 
increases  t o  -1.0 mg ern- 
exposure with s to i  chiomctri c SrTi03. 
dccresses  ihe s o l u b i l i t y  of  S r T i 0 3  i n  water .  
Radiat ion damasp e f f e c t s  on th2 SrTi03 l a t t i c e  
probably account f o r  t h e  higher  s o l u b i l i t ~  of' 
h ighly  r ad ioac t ive  SrTiO:, compared t o  t i e  
so lubi l r i ty  of  S r T i 0 3  tagged w i  th t r a c e r  amounts 
of a c t i v i i y .  The r e s u l t s  are summari7ed i n  Fig. 2.  

28 

2 day-' a f t e r  100 days of 
Excess T i O p  

With t r a c e r  l e v e l s  of a c t i v i t y ,  release r a t e s  
of' 0.004 and 0.014 mg 
on two stl-ontium t i t a n a i e  p e l l e t s  exposed t o  
seawater .  It i s  recognized t h a t  high r a d i a t i o n  
l e v e l s  might have a s i g n i f i c a n t  e f f e c t  on tine 
soluhi  1 i t y  of S r T i 0 3 .  

day-' were obtained 

0 .  Diffuslion r a t e s  
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REFEWNCE COLUMN 

7- Mechanical I_ Pr.operties 

a .  Hardness 

b. Crush s t r e n z t h  

19, 1-00 l b / i n  .2 

c .  Bend s t r e n g t h  

43 lb/ in . '  

8 .  Chemical P rope r t i e s  

a .  Heat and f r e e  eiiergy of' i'ormaiion, entropy 

(1) Heat of formation 

mor = -3 99 kc al/mo l e  

( c a l c u l a t e d  from avai 1 ab le  d a t a )  

(2) FFP enerdy of formation 

AFof = -379 kcal/mole 

(calcuLated from ava i l ab le  d a t a )  

(3) Entropy 
s,& = 26.0 cu 

b . Chemical r eac t ions  and reac'cion r a i e s  
(oxygen, n i t rogen ,  water ,  steam, 
hydrogen, ~ . i q u i d  metals ,  o t h e r )  

(1) Oxygen - no r e a c t i o n  

( 2 )  Nitrogen - no r eac t ion  

( 3 )  Water - decomposes 

( I t )  Inorganic  ac ids  -.- so luble  

30 (CaT503) 

31- 

32,  53 

32, 53 

34 

35 

9. Bio log ica l  ...... Tal-erances 

'The 30Sr t o l e rances  a r e  given under Stront ium-70 
14ei;al Fue l  Form, Sec t ion  I .A.  9. 

10.  .I Shie ld ing  JIII 
Bremsst,rahlung dose r a t e s  from ' " S r  power sources o f  4 
100, 200, j00, 1000, 2000, 5000, 10,000, and 20,000 
watts with  i ron ,  lead ,  and uranium sh ie ld ing  a r e  given 
i i i  F i g s .  3-6 f'or a Sri'iO, matr2ix. These sources  r equ i r e  
s i g n i f i c a n t  sh i e ld ing  because of' t h e  h igh  p w r g y  of some 
oi' t h e  photons from ihe bremsstrahlung r a d i a i i  on. 





t 

- -~~~ 

2 4  6 8 IO  12 14 16 18 20 2 2  24 26 28 30 
SHIELD lHlCKNESS ( cm I 

F i g .  4. Bremsstrahlung Oose Rates from I ron-Shielded lsotopic 
power Sources of St ron t i  i im-~o (Stront ium Tj t a n a t e )  . 
t o  dose p o i n t  s e p a r a t i o n  d i s t a n c e  - 100 cm. 

Center. of source 
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I 

10 
0 2 4 6 8 18 12 14 16 18 20 22 24 26 



1% 

Fig.  6.  Rremsstrahliing Dosz XatPs from Uranium-Shielded I so topic  
Power Sources o r  Strontium-90 (Stront ium T i t a n a t e ) .  
'LO dose poin t  of sepa ra t ion  distance = 100 em. 

Center  of source 



a . Xa d io r iu  c l i d  i e  abun.da.!ice 
I1 liie radionucLidic a b u n d  ante s a r e  giver1 i n  
Sec t ion  I . A .  1.. 

b . R a d  iochemica.1. .piurib,ji 

T'ne ra.ci~.oclierriica1 p u r i t y  is given i.17 

S e c t i o n  T . A .  I.. 

c . Chernica.1 cornposition-x- 

(I-)  Range of composition 



20 

S T R G N f l W  OXIDr: ( SrO) -. 
REFEKENCF COLUMN ..- 

2. 

3. 

'i ' 

5. 

6. 

9 e c i f i . c  P o y z  

a .  

2 ? '4 , 5 
0.444 wat t /g  of piire SrO (46.6% "~r rne+ual~) 
0.419 w a t t / %  of a.vers.ge SrO (44.0% '"Sr me-tal..) 

It i s  asswned -tlia.t t h e r e  a.re 142 cur ies /g  0:' 
"Sr a.nd 149 c u r i e s  of "'Sr per  therir1a.l. wat ' c .  

b. 66.2 curies  of '"Sr per g r a m  of  pure SrO 

62.5 cur ies  of "Sr per gra.m OL' average SrO 
(46.6% "Sr metal) 

(44.06 " ~ r  metal)  

Ha.dia.iioii 

The radiatrion will be i h e  same a s  given under 
Seciioii  I . A . 3 .  

Cr i i ica l .  Ma-m- 

Strontium-90 and '9 a r e  no i  Ciss ionable .  

- Cnmgatibili-ty _..lll_ With Maic-r i  a1  s of' Conta-iimient 

See USMC Rpt . ORNL-'4 189, Cornpati b i l i t y  Ila t a  
_I Sheets f o r  cerium-144, ~ ~ C ~ ~ i 1 ~ 7 - 1 3 ~ i ,  ~uri.in_, 
and Strontiun-9G ( c l a s s i  f l e d  

T hz rrno p h y s i c a 1 Pr ope 1% 'L P s- 
a .  Density 

4.7 g,/cm3 -- dens i ty  01' pure SrO 

lt.63 g/cm" - dens i ty  of average Slrc) 

b .  Coeff ic ien t  of theyma1 expansion 

13.92 x 10-6/oC (20-1200°C) 

c . Specii ' ic heat and en tha lpy  

(I) Spec i f i c  hea i  i o .  c a l  9-l O C - l  

o . i i r f  + (1.22 x io-5 r) - (I.?O x io3 T + )  

(T i s  i n  OK) 

(2) g n t h a l p y  i a calor ies /mole 

% - H~~~ - 12.13 T + (0.63 x J O - ~  9 )  
+ (1.>5 x 10" T - ~ )  - 4192 

( T  i s  i n  OK) 

7 

36 

10 

1.0 



STRONTITIM OXIDE ( SrO) 

d . Temperatures of phase trzl.nsforma.tl.ons 
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STRONTIUM OXIDE ( SrO) - 
RE.FEF3NCE COTAITMN 

h. 

i .  

j. 

k. 

1. 

rr, . 

n. 

Thermal d i f f u s i v i t y  

Temperature, 
"C 

200 
)coo 
600 
800 
1000 
1200 
1400 

3c Thermal d i f f u s i v i  ty, 
- ........ - cm2 / S c c I 

0.0122 
0.01oj5 
0.0091 
0.0080 
0 . 00'-(2 
0.0066 
0. OOhG 

-'These va lues  were c a l c u k t e d  by d iv id ing  t h e  
thermal  concuc i iv i ty  by cihe product o f  t h e  
spec i - f ie  hea t  and t h e  densi ' iy .  

Vis co s it, y 

Surface tellsicin 

1200 dyn/cm 

Total hemispherical  emittance 

S p e c t r a l  en i s  s i v i t y  

I_.. T o t a l  e m i s s i v i t y  -.__ 'remJgTatu.re, O C 

0.36 1000 

0.50 1800 

0.46 1.400 

S m a l l  amoimts o f  impu.rikies such as carbon 
o r  radia-'Lion darkening can j-ncrease these 
values  s i g n i f i c a n t l y  t o  -6.9. 

Crystall.ography 

Cubic - face  centered: 

a = 5.13$ kX 

So1ubilLti.r s 

Reac.'is bqith water. o r  H C l  and goes into sol-iution. 

Thz leach  r a t e s  were determi.n.ed ?or SrO using 
"5Sr t r a c e r .  Values were obtained for- a 24-hr 
period i n  s t a t i c  dr i -s t i l led wster.  The average o f  
si.x va lues  i s  1~ .35  f 0.38 g day-' (confidence 
1.imit a t  957; leve l . ) .  The l e a c h  r a t e  determined 
by weight ?.ass measurerlent of 44-g samples i n  
f lowins  d i - s t i l l e d  water ( ' k  .4 cr/rrlin) was 
1.b3 g cm12 day-'. 

40 ( M g O )  

11 

1.1 

41 



STBONTIIM OXIDE ( S r Q  

0 .  Diffusiori ra tes  

7 .  Mechanical Proper t ies  

42 
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Fig. 7. Bremsstrahlung Dose R a t e s  from Unshi-elded i s o t o p i c  Power 
Sources of Strontium-90 (Strontiurri  Oxide) a s  a Function of Dis tance  
from Celiter OF Source. 



2.5 

- ORNL DWG 638459 

I O '  

I 

SHIELD THICKNESS (cm 1 

Fig. 8 .  Bremsstrahlung Dose Ra:tes from Iron-Shielded Isotopic 
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Center of  source 



2'7 

I 

Io-' 

10-2 
0 I 2  3 4 5 6 '7 8 9 IO I I  12 13 1 4 1 5  

SHIELD THICKNESS (ern) 



28 

I). STRONTIUM FLUORIDE ( SrF;?) -- ....I__- 

1. Composition ___ ...II.-.- 

a .  Radionucl idic  abundance 

Thc rad ioni ic l id ic  abundances a r e  Si-ven i n  
Sec t ion  L . A . 1 .  

b. Radiochemical pu r i ty  

The radiochemical piiri t y  i s  given 
i n  Sec t ion  1.A.l . .  

e .  Chemical composition-' 

(1) Range of composition 

Cation Maximum, wiL Minimum, wt $ 
Sr 9'-7 92 
C a. 5 2 

Ra 2 0.5 
Mg 2 0 

One g r a m  of  "Sr wiJ.J.. produce a.n a.vera.g= or 
0.0232 of ""Zr af-Ler oiie y e a r ' s  decay. 

( 2 )  Average chemica.1 composition 

Cabinn Meta.1 w t  5 Metal -..I. ^_.___._ f l u o r i d e  (-E& w t  % 
__.._.__1__ -.ll.--..l ...-..... 

S If" 95 93.5 
C a. 3 -  5 4 . T( 

B a. s..o 0.9 

Mg 0.5 0.9 

The s t ront ium iuietal content  of pure SYFZ i s  '70.10%. 

The s t ront ium metal. content  of a-veragc SrF2 i.s 

The as-processed SrFz w i l l  contaj-n 36.06 "Sr. 
The 144Cc constr i tutcs  0.035 of t h e  r a .d ioac t iv i ty  
a t  .a maximum. The 13"Cs has been found t o  be a s  
high as O.OO~$ of t h e  to ta .1  a c t i v i t y .   he Ru. 
a c t i v - i t y  ha.s not  been found. 'These a c t i v i t i c s  can 
bc neglected compared t o  t he  breinsstrainlung r a d i a t i o n .  

65.5%. 

2.  Spec i f i c  Power 2; I ! ,  > 
a. 0.368 m t t / g  of pure S Y F ~  (38.6% " ~ r  metal)  

0.343 watt/g of  average ~ r ~ 2  (36.076 "ST metal)  
I 

*Rcsiilts of analyses  on sironti-urn t i t a n a i e  feed samplcs o f  the Fiss io i i  
Products Uewlopmcnt Laboratory a'i Oak Ridge Na i iona l  Laboratory.  



b. 54.8 curie:; 

51.1. curies 
(38.676 

(36.* 

The  r.ad.liatio11 wi1.l. be the same as given under 
Section I: .A. 3 .  

Therinocphysical ---. Propertie s 

46 



S'YKONTIUM FLUOKIDE ( ?rJFA 

e .  Latent hea t s  of pha.se t ransforrnat ions 

n;iI fus ion  '1-.3 kcal/mole 

f. 

g. 

h .  

i. 

j. 

k. 

1.. 

m. 

AH vapor i za t ion  iical/mole 

Vapor pres  su re  
I.___ tori? Tempe raL*u:;e , C 

8.5 1822 

15.0 1880 

25-7  1927 
31.0 1-959 

Thermal conduct iv i ty  

c a l  cmL1 sec Tempe 1: at-ure , C -I o c - l  

0.01~20 20 

0.0055 300 
0.0030 r(2 5 

'Thermal di. f f us i v i t  y 
cm2/sec Tempe ratursA.> 

0.0219 20 

0.0091 300 
0.0043 '(25 

These va lues  were ca l cu la t ed  by d iv id ing  t h e  thermal  
conduct iv i ty  by the  produc-t o f  the s p e c i f i c  heal; anda 
dens i ty  of 3.86 g/cin3. 

V i s  cos i t y  

Log q :: 0.781 + 436/T 
(q  i s  i.n cen t ipo i se s  and 71 i s  Lemperature i n  O K )  

Swface  t ens ion  

184 dynes/em 

'Total hemispheric a1 emit tance 

S pe c t r a l  erni s s i v i t  y 

A value of 0.9 can be assumed. 

Crys tal.lography 

Cubic: a -= 5.781 

38 

38 

11 
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S''N.ONTIUM FLUORIDE ( SrF2 ) 

n . S o l u b i l i t  ic s 

0.0009 mole/ l i ixr .  i n  water IB"C 

o. Diffusion rates 

'(. Mechanical P r o p e r t i e s  

a. Hardness 

b C Y U S h  strength 

8 .  Chemical Properties 

a. H e a t  and f ree  encrgjr of f o r m t i o n ,  entropy 

(1) Heat of formation 

AHof = -290.3 kcal./role )-I 4 

mor = -277 2 kcal/mGle '{.3 

Q&8 = 20.5 eu 38 

(2) Free energy of rormnti.on. 

( 3 )  Entropy 

b. Chemical r e a c t i o n s  and. r-eactian rates (oxygen, 
ni t rogen ,  water, steam, hydrogen, l i q u - i d  me.tal-s, o t h e r s )  

(1) Nitrogen - no reaction 

(2)  Water - s,light.l-y soluble 44 
(4) Inorganic ac ids  - i.nsGluble 

9. Biological T ~ l e i - t ~ ~ e s  

 he "%r t o l e rances  are given under Strontium-90 
Metal Fuel. Form, Section I . A . 9 .  

1-0. Shie ld ing  Data 

See %he sections wider Strontium Titana.te, 1.3.10, 
and Strontiunn Oxide, I. C 10, f o r  sIii.ell.ding data 
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1. ..I C o g o s i t i o n  

a .  Radionuclidi  c abundance 

The r ad ionuc l id i c  abuidances a r e  given i.n 
Sect ion  I . A . I .  

b . Radiochemical purity 

The radiochemical p u r i t y  i s  given i n  
Sec t ion  i.A.l. 

c Chemical composi-tion* 

(1) Range of composition 

Cati-on Maximum, w t  $ Minimum, w'; $ 
_^__I - 
Sr 97 92 

Ca 5 2 

Ba. 2 0.5 

Mg 2 0 

One grai-c of 'OSr w i ? . 1  produce an average of  
0.0232 g of "OZr a f t e r  one yca.r ' s  decay. 

( 2 )  Average chemical composition 

-_.̂ - Cation Metal-, .--AJ~- O r t h o t i t a n a t e ,  -..I wt $ 
Sr 95 33.2 
C a. 3.5 5.0 

B a  1 . 0  0.8 
Mt: 0.5 1.0 

'The s t ront ium me.l;a.L coiizent of pure SrzTi04 i s  
61_. &$ . 
The s t ron t iwn  metal. coa ten t  of average Srz'TTO4 
i s  5'(.24$. 
The 3.s -proce s sed Sr2Ti04  wi- 1 L con ta in  31.5$ "Sr. 
'The l4*Ce cons t j . tu tzs  0.05% oI" the r ad ioac t? -v i ty  a t  
a rnaximiim.  The 137Cs h a s  been found t o  he a s  hlgh 
a s  0.003% of t h e  to-ka l  a c t i v i . t y .  
has not beeii found. These act . I .vi t ies  can  be neglec ted  
as co-mparcc t o  t h e  bremsstrahlung rad iak ion .  

'The lo6Ru a c t i v i t y  

_-I...___ 
S R e s u l i s  of analyses  on sirontiurn i i - t ana te  feed  samples of the  

F i s s i o n  Products Devel.opment Laboratory a t  Oak Ridge Nat iona l  TAaboratory. 



a. Densi ty  

c .  Spec i f i c  hea t  and entiia.l.py 

(1) Spccl.f ic heat in ca.1 g-' O C - l  

O.l3]+ + (1.54 x I-O-" T) - (1.65 x 1.0" y-2) 
( T  i s  i n  O K ;  ternpciraturc range 293-1-8~0"~) 

24 

(2) ~ri- t~ia~.p;y in ca.l-orie,s/nmls 

€IT - = 38.45 T - 1 -  (l.92 x 1.0- T2) 

+ (4.67 x 10" r-") - 1.>,20L 24 

(T is in O K ;  tempere.ture range 298-1800~~) 

d. Temperatures of phase transformaLions 

(1.) ~ e l t i n g  poin t  - 1.860 5 20"c 

(2) Boi3.ing poin t  - ~ ~ O O - ~ O O O O C  

52 

7 
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SICKONTIUM OKTHOTl'i'ANATE .-.. ( S r 2 T i O d  

e .  Latent  hea t s  of phase transr^or.mations 

NI fusi  on 

AH vaporiza Lion 73. kcal/rnole 

(calcul-ated from Trouton ' s  rule) 

( n o i  a v a i l  a b l e )  

f .  Vapor pressure  

g. Thermal conduct ivi ty  

(1) Sr0:TiOZ = 2.00 

REFEKFINCE COLUMN 

8 

26 

'The fol lowing equat ion was dcrived from 
data  by a method of l e a s t  mean squares. 
The dat,a covercd ' h e  range 350 t o  900°C. 
Useful  ran;? of equaiioii  i s  200 t o  ~ ' L O O O C .  

I/k - 110.26 i O.0?h8T1 "K c a l  em-' sec-' "(2"' 

Temperature, 
.._.._.I 

"C 

200 
14-00 
coo 
800 
1000 
12 00 
1'4 00 

T'hernial conducti v i  ty, * 
c a l  em-' sec-' " c - ~  
0.0081 + 0.0007 
0.00r(8 k 0.0004 
0.0075 1 0.0002 
O . O O ' ( 2  k 0.0004 
0.0069 t 0.0006 
0.0067 i- 0.0008 
0.0065 t 0.0009 

-X- Dctermined on theoreLica3.3.y dense p e l - k t s  of 
s toichiornztr ic  Sr2TiO4 wi th  a composition ol" 
65.56 wt $ SrO, 2.4'1 wt $ BaO, 3.10 w t  $, Ca.0, 
0.57 w t  $ MgO, and 28.50 W'L $ Ti-02 s imula t ing  
a. f r e s h l y  prepared IEanford product .  These 
values  replace those  repor ted  i n  OWL-1!13Je. 

( 2 )  Thermal conduct iv i ty  of various SrO-Yi02 26 and 27 
compositions 

These values  a r e  given i n  Sec t ion  I.B.G.g(?). 

h .  'i'hermal d i f f u s i v i t y  

Temperature , 
"C 

200 
400 
600 
800 
1000 
1200 
14 00 

-.-. 

E These values  
conduct iv i ty  
t h e  densi-ty . 

Thermal di f f u s i v i t y ,  ' 
cm2/sec. 

0.0124 
0. O l l h  
0.0106 
0.0099 
0.0094 
0.0089 
0.0085 

were calcula ' ied by d iv id ing  the  thermal 
by t h e  produci OF the  s p e c i f i c  hea t  and 



k .  Tota l  hemispherical  emitt;ance 

1. Spectral .  ern?-ssivi'cy 

M .  Crystnl.l.ogrnphy 

Tetragonal body cen twed  

a. = 3.88 A c --- 1 .~ .50  5 1- 

Microgram of' C w I  per ml c ; f  dissol.ver sol. 
Deion. .Natural Synthetic 

Days water sestwx~er seawater 0.1 N HCI. 

---- 

0 .  Diffus ion  ra tes  

7. MeehanicaC!. kkope r t i eg  

a. Hardness 

b. Crush s t r eng th  

19, LOO Ib/i n . L? 



8 .  Chemical P rope r t i z s  

a .  :€eat and f r e e  e n e r q  of formation, eriiropy 

(1) Heat of formation 

 AH"^ = -545.6 kcal/mole 

( r a l c u l a t e d  from ava i l ab le  d a t a )  

( 2 )  Free energy of formation 

i\;Fof = -518 .~  kcal/mole 
( c a l c u l  a ted  from a v a i l a b l e  d a t a )  

(3) Hfltropy 

s&, - 38.0 f 0.3 c a l  O c - l  mole-' 

b .  Chemical. reackions aild reaction rates 
(oxygen, n i t rogen ,  water, steam, 
hydrogen, l i q u i d  metals, o t h e r )  

( I . )  Oxygen - no reac'ij-on 

(2) Nitrogen - no r eac t ion  

( 3 )  Water - decomposes 

(4) Inorganic  aci-ds _- so luble  

32, 33 

32 

23 

9 . Biologic  a*l-.;<o l e  r .rye e s  

Tne "'Sr t o l e rances  ar2 given under Strontium-93 
Metal Fuel b'oi%m, Sec t ion  I .A.  9. 

10. Shie ld ing  Data 

Rremsstrdillung dose r a t e s  from " ~ r  power sources  4 
of 100, 200, 500, 1000, 2000, 5000, 10,000, and 
20,000 w a t t s  wi th  i ron ,  lead ,  and uraiiium s h i e l d i n g  
are given i n  Piss. 3-6 shown i n  Sec t ion  J.R.10. 
These sources  r equ i r e  sign3 Picant  sh i e ld ing  because 
of ihe high ciiergy o f  some of the  photoiis from t h e  
bremsstrahlimg r a d i a t i o n .  
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Table 1.. Pruduc t i.on o f :Bremsstrahlung Phot ns 
From S-tronti .um-9 Beta in S t r o n t i u m -  Oxi.de Matyix P R r f .  4)  

Maximum be t  a -pa r t  i. c ]..e eiie rgy 0.545 MeV 
Aver age  bet a - p a r t  i.c Le ene rgy 0.201 14ev 

0.040 L 0.01 

0.060 -t- 0.01_ 

5.523 x 3.0-" 

2 .9 '8  1.0"~ 

0.080 5 0.01 1.841 
0.100 * 0.01 1.:208 x lo-" 

0.1.20 ri: 0.03. 8.239 x 1.0-" oa1t-5 x 1010 

0.140 2 0.0~ 5.759 1.0-4 j.l'-( x 10" 

0.160 :L. 0.01 4.086 1.0-" 2.25 x 1.03 

0.180 -+ 0.01 

0.200 .? 0.01- 

0.220 + 0.01 0.83 x 10" 
0.2bo -I- 0.01 

0.260 k 0.01 

0.280 + 0.01 

o.yX:, -I 0.01 

0.320 A 0.01 

0.3'1-0 rt 0.01 

1..07'+ x lo-'" 
7.Goj.r x 10-5 
5.31.5 x Lo-" 

3.654 x 10-5 
2.458 x 1.0-5 

l.609 x 1.0"" 

0.59 x I O 9  

0.42 x 1.0" 

2.y2 x 10" 

2.01. x 1.08 

1.55 x 10% 
0.88 x 1.0" 

0.360 t 0.01 1. .01..6 x 1.0-" 

o.38o -t- 0.01 

0.400 -t 0.01. 

0.420 i- o . o i  1.835 x 1.0- 1." 01. x 3.0'' 

0.4h0 t 0.01 8.638 .x 10-7 0.48 IT 1-0'7 
0.460 k 0.01 
o.h8o -t- 0.01. 

3.456 
1.063 10"~ 

3. . 90 x 1.0" 

5.85 x 3.0" 
r).>oo + 0.01 2.001 R lo-" 1.10 x LO" 

0.520 0.01 

0.5J-co rt 0.01 
1.000 x 10- 

0 I 006 

5 . 5 0  x 1.0" 



APPENDIX 1 

Table 2.  Product ion of Brernsstrahl u n g  Pho"ons 
From Y t t r i w n - 9  Beta i n  Stront ium Oxide Matrix!Kef= 4) --_._ - 

Maxi rnum be t  a -pa r t  i c  1 e energy 
Average b e t a - p a r t i c l e  enersy 0.944 Mev 

2.2'( Mev 

. . .. . . . . .- Bremsstrahlung 
energy group, Mev 

.l.I._.. ~ W i t h i n  @E enerffy group 
Photons w-' sec"' ...... ~ ......__ Photons --._s_l per b e i a  l a r t i c l e  _ _ _  . ..... 

0.100 t 0.05 6.1-52 x io-' 
0.200 +- 0.05 2.415 x 1.0+ 
0.300 0.05 1.281 x io-" 

0.400 i 0.05 7.6*p1 x io-" 
0.500 lk 0.05 11.894- x 
0.600 -r- 0.05 3.234 x 

0.700 L- 0.05 

0.90 k 0.05 L.O~]+ 

1.000 i 0.05 6.887 

1.200 1: 0.05 3.0 o 
1.300 i 0.05 1.973 x 

i .koo * 0.05 1.251 x lo-" 

1.500 0.05 7.33'7 10-5 

1.600 r- 0.05 4.1.17 x 10-5 

1.800 t 0.05 9.,140 x 

2.1-81 x iom3 

0.800 t 0.05 1.485 x 1-0-" 

1.100 5 0.05 4.630 x lom4- 

l .r(oo ? 0.05 2.J-25 x lo-" 

1.90 f 0.05 3.728 x lo-" 
2.000 ? 0.05 

2.100 * 0.05 1.6,70 x 
1.058 x io-" 

2.200 i 0.05 4.765 x 
'I'otal. bremsstrahlung energy, Mev/beta p a r t i c l e  2 

3.58 l o l l  

1.53 x io1'- 
O . ( O  x 10" 

4 .?? x 1o1O 

2.69 i o 1 O  

1-.?(8 x 1ol0 

1.20 x 1 o 1 O  

8.17 x 10' 

5.58 x ioy 

3.79 x los 

2.55 io9 

1.65  x lo9 

1.09 109 

0.68 x lo3 

4.04 x IO8 

p.26 io8 

5.36 lo7 
2.05 x lo/ 

5.82 io6 

2.62 x 10" 

1.17 x 108 

9.19 x IO5 

814 x I.o-": 



Table 3 .  Production of Bremsstrahlung Fhotonp 
\Re!I'. 4) Fram S t r ont, i urn- 9 t3e t a i n  S t ronti.1.m '7 i ttrna.te Mat, r ix .  



APmNDIX 1 

T a b l e  4. Production of Bremsstrahlung P'noto s 
From Yttriim-90 Beta in Stront ium T i t ana te  Matr ixrRef '  4, 

Maximum beta-par t ie l -e  energy 2.27 MCV 
Average be t a -par t i e  l e  energy 0.9)+4 Mev 

Bremss trahl-ung 
eneygy group, Mev 

Within AJ.3 energy group 
Photons per b e t a  pa.rtic1e Photons w-'- sec- l  .- _.. .- .. _I 

0.100 i- 0.05 4.537 x lo-" 2. jo x lox1 

0.200 I 0.05 I .782 x 0.9 x loll 

0.300 2 0.05 9.456 ioL3 5.20 x i o 1 O  

0.400 t 0.05 5.665 x 10-3 3.Q x 1.OL0 

o.doo rt_ 0.05 2.389 x lo-" 1.31 x 1.O1O 

o.'(oo * 0.05 1.611 x 1.0~" 0.89 x lo1" 
0.800 L 0.05 1.09 x so-3 6.04 l o9  
0.900 k 0.05 7.495 io-" 4-12 lo9 

1.000 rl- 0.05 5.092 io-" 2.80 1.0~ 

]..io0 ~f: 0.05 3.425 x lo-" ]...sa 109 
1.200 k 0.05 2.264 LO-" 1.25 x ioL3 

1.400 2 0.05 9.110 x lo-" 5.01 x 10" 

0.500 t 0.05 3.613 x I - O - ~  1.99 x lolo 

~...300 * 0.05 I..46O x 8.03 x 1.08 

1.500 L 0.05 5.141 1-0-5 3.00 x 1.0" 

1.600 k 0.05 3.050 1.68 x ioR 

1..800 t 0.05 7.220 x lo-"" 3.97 io7 

1 . ~ 0  t 0.05 2.764 x 1~52 io7 

2.100 -ir 0.05 1.239 x l.0-7 6.81. 105 

1..700 * 0.05 I.. 576 x IO-" 8.67 x lo7 

2.000 ?I 0.05 7.850 x 10"' 4.32 x IO6 

2.200 * 0.05 3.540 1.95 x lo4 
r ,  Lota l  bremsstrahlung energy, Msv/bei;a p a r t i c l e  2.078 x l(~--,~ 
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