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I. Compos i.t i on 

b Radiochemiczl. p i u i t y  
Th.e prfnciQaa. radioni ic l ide o the r  t h a n  9"Sr. is "YSr 
(T1/2 :: 50.5 d), whose content  depend.s on t h e  l e n g t h  
of  t ~ o e  since r eac to r  discharge, as showr; j.n t h e  
fo l lowing  table. 

Calc-dateii ~ a t i o s  ""~r/"~r Activities as a 
E'u.ncti.on of Cooling Time Since Reacttor i).f:schnrge 

w i t h  an i r r a d i a t i o n  T h e  of 200 Days 

Cooling t ime,  days Ratio of" activities "9Sr/90Sr 
---------1111 I__ 

1 



(2) Avzrage chemical composi'iTon 

Cat ion Metal w t  $I Metal, atom - _c $ ..JJ.....---- 

S r  95 96.69 
Ca 3.5 1.60 
Ba 1.. 0 1.57 
N? 0.5 0.14 

The 14%e c o n s t i t u t e s  0.03% of t h e  r a d i o a c t i v i t y  
a t  a maximum. CesTi.m-13T has been found. .to be as 
h i g h  as O.O03$ of t h e  - t o t a l  a c t i v i t y .  Ruthenium- 
106 has not been found in t h e  s t ront ium feed. 

2, 4, 5 

a. 0.51.3 w/g o f  l00'$ s t ront ium meta l  (55'6 "SI-) 
0.h8'1 w/g of inetal  (95% Sr-5$ Ca, Ba, Mg) 

It i s  assumed %ha% t h e r e  a r e  1-59 Ci/g of "Sr (10% sOS:r) 
and 1.48.9 C i  of "Sr per  thermal  w a t t  o r  0.933 w/g of 100% "Sr. 

b. 76.5 C i  of per gram of 100% s t ront ium 111eta1 (55% "Sr) 
72.7 Ci. o f  3 0 ~ r  per  gram of 95% s t ront ium metal  

Radl.at i o n  3 .  __I ........ ___._.X 

a. 

b.  

C .  

d. 

e.  

Al.pha p a r t i c l e s  

Nom 

Beta p a r t i c l e s  I., 4, 6 

Particl-es 
w-1 sec-1 w / k ~  i Max E,  Av E,  Abimdance, 

% n'ucli.de Mev Me v 

  OS^ 0.5'6 0.1963 100 1.164 5.51 x 10l2 
OY 2.284 0.9365 100 m 1 -  5.51 x 

Total power 6.713 

Gamma 

None 

Bremsstrahlung 4, 6 
The high-energy bremsstrahl.i.ing photons from "Sr and 
'OY i n  mat r ices  of SrO and S r T i 0 3  a r e  given in the 
Appendix (Tables  I--4). Sources of "Sr-"'Y a c t i v i t i e s  
r e q u i r e  s l i g h t l y  more sh i e ld ing  t h a n  sources  of 137Cs- 
13'Ba a c t i v i t i e s  because of t'rle high energy of some of 
t h e  breiiisstrahlung r a d i a t i o n  from 'OY which emits  a 
2.27-Mev be ta  p a r t f c l e .  

Neut Tons 

None 



4 . 

No a t t a c k  on :n;ol.y'odenmi was observed a f t e r  5000-hr 
contact with inar:.i;ive liquid s t ron t ium metal u t  1006°C. 

'7 

a .  Density 



RFFEHRNCE 
C O L W  ........... -. - 

b. Coe f f i c i en t  of t'ncrmal expansturi 

2.3 x l_O-"'/"C l? 

c .  S p e c i f i c  hea t  and entha1Ti 

(1) Spec i f i c  heat, 

0.0719 ea1 g'-' "C-' (25°C) 3-3 

d. Temperatixes of phase trarisfoi-rcati~oiis 

(1) Melting po in t  

772°C 
(2) Roi l ing  po in t  

1.372O c 

e .  Lateat  hea t s  of phase t ransformat ions  

AH t r a n s i t i o n  ( a +  R )  - 200 cal/mole (585"~) 
CIH f u s i  on (772°C) = 2400 cal/riiolp 

AH vapor i za t ion  (1372"~) - 33,230 cal/mole 

f .  Vapoy pressure 

Atmosphere 

0.026 
3.066 
0.1-3 
0.4~1 
0.66 
1-95 
2.k2 
5.32 

.-- Temperature, "C -_ 
94 4 

1 041 
1116 
1254 
1315 
1h37 
1567 
1136 

12 

1.2 

1 4  
1 4  

13 

1-5 

The vapor pressure  i s  given by bhe fol-lowing equat ion:  

Q. 'ihermzl conduct ivi ty  

ea1 cin-~'- see-' "c-' 
Therm21 conductivi . ty,  Tempe -t- at ixr e 

"C 
____ - ...........I..-.___I_ ............ 

0 . 3 
0.385 
0.290 
0.247 
0.206 

16 ( ca )  
17 (Re) 



1. Spectral emissivity 

Can also vxry 2.8 s t a t ed  ri.n k. above. 

m e Crystallography 

0 

c ::= 'I. 06 ,4 
Yl. Solubilities 

S-troritium m e t a J  reacts vigor.ously w i t h  water 20 

b II Crush s t rength 



6 

b .  Chemizal. r e a c t i o n s  and i - eac t ion  m t e s  

(1) Oxygen - fas t  

(2 j 
( 3 )  
(4) idater - reacts 
(5) I n o r g a n i c  az ids  - rca .c ts  

Nitrogen a t  roolii temperature  - LIO reaction 

Nitrogen a t  el.evated temperatijre -= r e a c t s  

2 1- 

16, 22 

1-0. Shielding . Data 

See khe sect<-ons under StrontiuirL T i t a n a t e ,  3 . R .  10, and 
S:;rontiiim Cxide, I . C .  10, for shie!..c!ing data. 



'T 
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2, 4, 5 

b .  36.8 C i  of 90Sr: per grax of pure SrTi .03 (26.5$ "Sr m e t a l )  
34.1 Ci of "Sr per  Sram 0' average Sr'T-L03 (24.5$ '"Sr metal.) 

Radia i i oil 3. -. 

The r a d i a i i o n  i s  the sailic a s  gSi\/en mder S e c t i o n  J.A.3. 

'L .  C r i t i c a l  k s s  

Sl;i-.on",ium-gO and a r e  rLot  ' i ss ionable .  

5. Cornpatip- w i  i l l  Maierj a1.s of Containmer,i 
-~_o_-l__l 

The c o m p a t i b i l i t i e s  of vari 0u.s i n a c t i v e  stronti-urn com- 9 
pounds w i t h  a number of conta iner  m a t e r i a l s  were determined 
and have been surmwized i n  ihe  following table. 

A number of r e a c t i o n s  were dependen' on t ime and Lempers- 
Lure; €01 example, IIajinps 25 with  strontiurn rnetal showed 
no a t t a c k  a i  1000°C up t o  1000 iir" 
r e a c t i o n  c l a s s i f i c a t i o n  a f t e r  5000 and 10,000 h r  a t  1000°C. 
This  i n d i c a t e s  t h a t  Haynes 25 should probably no t  be con- 
si dered f o r  use w i t h  s t ron t ium illeta1 a t  ternperaLurPs >Ii 000°C 
and t i n e s  >500O h r  . 

but f e l l  i n t o  t h e  major 
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At I.OOO"c S r S i z  showed exi;ensive :rea.cti.on ~ i t h  
1iasf;ell.oy X, iIa.ynes 25, !Vi-o-neL, and N-157. Molybdenum, 
t;ar-ttaluml and TZtV were r e s i s t a n t  to pen.ei;r.ati.on by silicon 
metal. which. f'o:mled f r o m  -the d i s s o c i a t i o n  or" SrSiz at,  
1000" c . 

a.. Densi-ty 



s t ron t ium fuel-; se.-cnples l$rcre p e p a r e d  with a. compo,.. 
sit,i.orj of 92 wt Sr, 3.'{ w-L $ Ca.: 3.7' wi $ Ha, and 
c3.3 bt $ Pig. The hot-pressed S r T i 0 3  sa.mp1.e was 1 i n .  
in S.en&h ana contained 5% excess Ti02 over t h e  
s to ich iomecr ic  r a t i o  of' S r9 .T iOc2 .  

l h e  fo1.1.owing t a b l e  gi-ves t h e  valses obtained f o r  t h e  
iilmn c o e l ' f i c l e n t  of expansion f o r  St-Ti03 f o r  the 
t C i -  LLllp,ei-attire i n t e r v a l s  shown. Tne mean coe'ficient 
of expansion, A,, i s  i - ie f lned  a s  

A,(to,t) = Al. / lAt  , 

,--, 

where 

~ + ~ ( t ~ , t )  - mean c o e f r i c i c n t  of expansion i n  
L 1   tie tem2craLure i.rlterval, A i ,  
from to LO t"C, 

A t  = t empcr.ature i-nt e m a l ,  

AI. = change i.n sample l e n g t h  over A t ,  

I = sa.mple l e n g t h  at temperature  t "C. 
0 

'Temperature Mean l i n e a r  coefCic ien t  
i n t e r v a l ,  "C or' expansion For S r T i O S  

.- .. I_ 

0-1 03 
3-20J 
2-300 
3-!100 
3-530 
3-600 
3 - 730 
0-800 
0-900 
0- 1000 
0- 1100 
0-1200 
0-1300 
0- 1 bo0 

;-0.8 x lO-"/"c 
10 .7  x 1 0 + / ~ c  
10.7 x 10-"/"cI 

11.0 x 10--6/"c 
1-1 .I x 10-G/oC 
11.2 x 10-6/"C 

11 .4  x 10""/"C 
11.6  x 1 0 - " / O c  

11 .3  x io-"/"c 

11.7 x 10-6/oc 
12.6 x I..O-")"C 
12.1 x lO"6/"C 

REFERENCE 
c 0 LIJiVIcJ --- 

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

(lL.) S 2 e c i f i c  hea t  in cai g-l  "C-'- 

o . i . 5 ' ~  + 0.96 x 10-~1c - 2 . 5 ' ~ ~  x 1.0371+ 

H~ - H~~~ I 2 8 . 2 3 ~  -1- 0.88 x io-3ir2 c 

(OK) 

( 2 )  En'iiial.pjr i n  cal/rnol..ti 

4.66 x 1.o5~-I- - 10 ,0 j8  (OK) 

27 

28 



f'. Vapor pr.essu.re 
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F i g .  1. Thermal Conduci ivi ty  of Various 
SrO-Ti02 Composi-tions . 

( 3 )  Thermal conduct iv i ty  of  r a d i o a c t i v e  
s t r o n t  iuxr t i  tanat e 

Data were obtained on t h r e e  hot-pressed p2l le i ;s  
h a v h g  92, 92: and 98% thcoretjca.1.  densitjes 
w i t h  T i . O ~ / a l l . ; a l i n e - e a r ~ ~ ~  oxide mole ratj-os of 
0.86, 0.95, and l.25. The ages of t h e  Sr ' i ' i03 
j.n ;he pel_letc, were 0 . 5 ,  3.5, and 4.25 y e a r s .  
Lt wes found tiiar, -the age of Sr 'Ti03 and the  
varia-Lion i n  pel le t ;  composition and i h e o r e t i c a l  
d e n s i t y  d i d  not have an e f f e c t  on t h e  r e s n 1 . t ~  
within t h e  L i m i t  of  experinental .  e r r o r .  12 
siingle equat ion f o r  the thermal. conductivi.ty a s  
a f u n c t i o n  of tenpera ture  w a s  derj-ved from t h e  
d a t a  by t h e  method or" l e a s t  mean squares:  

l./k = 82.65 -I- O.ll2T (OK) 
where k i s  t h e  thermal- conduct jv i ty  i n  
ea1 cm-l see-' OC-'- . The d a t a  were measured 

REFERENCE 
COLUMN 

32, 33 
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KEPF:RF:iC J 5  

eo LInm . . . -. . . . . . . . . .-. . . . . . .- 

i .  Viscosity 

J. Surface t e n s i o n  

k. ' Iozal  hemispherical en;j t t m x e  

...- - 7  

where 
R = l each  r a t e ,  m g  em 3zy A 

T ~ ~ -' _, J L I I I ~ ,  days . 
ORNL-DUIG 58- I 2 6 2 5  

-r -- 1 1  

I 1 - -1 -7r- - IO0 c - T- 

I 
I 

2 I 

I 

1 
t 2 k 

2 21 

1 

\ 5  
E 

t ,,95% CONFIDFNCE LIMITS 

131 

W l 

T I  

_1 10-2 ~ 

ti 
4 
W 

1 
I I 

- 

i 
I P  R -0 5235 In 7 - 2  5987' 1 

1 
2 I 



37, g8 



Pig. 3. Bremsstrahlung Dose Ra-Les fyoi-fl Unshielded I s o t o p i c  
Power Sources of S'ir.ontil.?m--90 (Strontj.iltn Ti. tanate ) as a Function of 
Distance from Center of S o w c e .  
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ORNL D W G  64-1574 
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I o5 

I o4 

I 03 

Id 

I 

Io-' 
0 2 4 6 8 IO I %  14 16 18 29 2 2  24 26 

F i g .  5. Bremss - t r ah img  Dosc Xates from Lead-Shielded 
1sotopi.c Powe;. Sources o f  Strontium-90 (Stl-oniilirn Titana.Le). 
Center 01' source  t o  dose point separz t ion  di-stance = 100 em. 



Fig. 6. 
Powei- Soir.r.ees 
Lo !?c?se p o i n t  
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20 
IIESF'FRENCE 

COLUMN 
_L ______I 

1. Cort ip-osi t ion .- ._... ~ ..,- 

a .  Kadionuclidi c abundance 

'fne rzd ionuci id i  c abunuailces arp s iven  i n  Sec t ion  I.A.? . 
b. Radiochemical pur5 tj- 

The r ad iochmica l  pu.riT,j is given i n  Sec t ion  I . A . 1 .  

c .  Chemical composiiion* 

(1) Rangc ai composi i ion 

Sr 97 
Ca 5 
B a  2 
Mg 2 

92 
2 
0.5 
0 

One gram or '"~r w i l l  produce ail average of 
0.9252 g of "~r af te l -  one y e a r ' s  decay. 

Average c herni. c a1  -c oinpo s it 1 oin 

c-a&&o-n l k t g 1 2 - - - - ~  Me La]- oxikk-  w t  % 
( 2 ) 

s 1' 95 94.3 
C2 3.5 4.1 
Ha 1.3 0.9 
Mg 0.5 0.7 

The Stroiltjum meta l  c o n - t ~ u t  of pure SrO i.s 8)-t.TV($j. 

T l x  s t r o n t i u x  meta l  conLeLil of average Si-0 i s  79.s. 
The as -processed SrO will coi i ta in  j l ' - l .  Od io ""Sr . 
' 4 4 ~ e  c o n s t i t u t e s  o.o$$ ai' t l ie r a s i o a c t i v i t y  at a 
rraximun. 
as 0.0035 of i;lie radioac- t ivi . ty  a'i a rneximurr,. TYE 

R u  a c b i v l t y  h a s  not Seen detected. These 106 

a c t i v i t i e s  can be ncglecLed compared t o  t h e  '~ota.1 
r a d i a t i o n .  

The 

The 137Cs has been founa t o  be as high  

2 .  2 e c i  f i c  Tower 2; 4, 5 - 

a .  0.435 w,/g cif' pure SrO (4G.G$ "Sr meta l )  
3.h11 w/g 05 average S r O  (41C.04 "SI- m e t a l )  

It i s  assumed that t h e r e  a r c  139 C i / r  of "Sr 
and 148.9 C i  07 ""Sr per  thermal  w a t t .  

hk.8 C i  of   OS^ pcr gram of pure SrO (46.6% "ST m e t a l )  
61.2 C i  of "Sr ;er gram of average S r O  (44,O.;d 'OSi. metal) 

b. 

Resi.il..'is o f  ana lyses  on s t ront ium t i t a n a t e  feed s a m p l e s  ~f t he  F i s s i o n  
Products  Devel-opxent Laboratory a t  Oak Ridge National Laboratory.  

* 
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a. Density 
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3 -003 11.2 x 10 "/"c 
0-903 11.2 x 10-6/"c 
3 1330 11.3 x 10-6/"c 
3-1 133 1 1 . 2  x 10-6/"i: 
3.1233 11.3 x lo-"/":: 
0 - J-330 11.3 x 13-"/"c 
0-1403 11.3 x 10-6/"c 

f. Vapor pressure 

log P = 5.0'7 x 1 . 0 4 p  + 13.12 
(T j.s in "K and P is in ai;m) 

14 

43 

44 

g s  Thermal condiictj.vity 

(I..) Si-0 ::: 100% 30 
The f ol.lowi ng equat-ion was d.e-v!Lved from da ' ta  
by a method. of least mean squares: 

i / k  = 109.51- + 0.0916~ ( OK) 
where k i s  t h e  thermal conduct iv i ty  i i i  

cal cm-l see-' "c-I- . ,The da ta  covered +;he 
range 350 to 930°C. Useful raiige of the  
equat ion i s  200 t o  1430°C. 



k. Total hemispherical  emit tance,  
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1. S p e c t r a l  emis s iv i ty  
~. . --. 

T o t a l  emis s iv i ty  Temperature, " C 

0.36 

0.50 
0.46 

1000 
1400 
1.800 

Small  amounts of irnpixi-iies such a s  carbon 
or  rad j .a t ion darkel:S.i?g can increase  Lhese 
values s ign j - f l can t ly  t o  -0.9. 

m. Crys 'callography 

Cubj-c, f ace  centered:  a .-: 5.1396 ~ C X  23 

n. Solubjlj-ti~es 

Reacts with wa.Ler or HCl aiid goes i n t o  sol-utj.oi?. 20 

The dissoLi.11;ion. r a t e  studies were performed us ing  46 
s t a b l e  SrO pellets prepared by hot pres s ing  a t  
1303°C and 4300 psi. f o r  1 hr. IC one test, a s p e c i -  
men we?.ghing 43.962 Q wi.th an apparer;t. d e n s i t y  of 
11,54 g/cm" was suspended from an a n a l y t i c a l  balance 
beam i n  a conta iner  through which R cons tan t  ].inear 
f low r a t e  of 4.4 cm/min of d i s t i l l e d  water was rnain- 
ta i i ied.  Per iodic  weighi.ings of tile speci-men >;ere 
recorded du.r<ng a 7-day span. The d i s s o l u t i o n  ra. tes 
f o r  S r O  c a l c u l a t e d  from t h e  d a t a  in tihe exper inent  
are shown iii the fol lowing tabJ_e. The values  were 
c a l c u l a t e d  on %he b a s i s  of t he  i . n i t i a l  surface a rea  
of tile p e l l e t .  These s o l - u b i l i t i e s  a r e  ?, f a c t o r  of 
10" t o  lo5 g r e s t e r  t han  those of strontium t i t a n a t e .  

Rat P g/cmp. day Time  i n t e r v a l ,  days 

1.485 
1.22 
1.22 
1. * 2j.t 
0.96 

3.76 
1.12 

0 -1 
1- 3 

2 -3 
3-4 
h-5 
5 -5 
6- i 

0 .  Diffusiori  r a t e s  



'7. Mec'ntinical. Î P r o p e r t i e s  

a. TSardness 

3.5 mohs 47 

BremsstrahLung dose ra tes  f r o m  "Sr. power sources of LOO, 4 
200, 1000, 2000, 5000, 10,000, and 20,000 w with i.ron, 
lead., and uraniim shielding are gF-ven ?n Figs. 7-10 far. a 
SrO maLrix. These S O U ~ C E S  reqiftre s i g n i f i c a n t  s h i e l d i n g  
'oecaixse of" the high energy of some of t h e  photobns from t'he 
br e iil s s t F a. hlung r rzct i a% i on a 



Fig. -(. 3remsstrahlmg 3ose  Rates from Unshi.elded Iso’cop,i.r 
Power Sources of Strontium-90 (S.’irocti-im Oxide) as a Funct ion  of 
Distance f r o m  Centel .  of Source. 





ORNL DWG 63-8450 
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0 2 4 6 8 IO 12 la 16 18 20 72 24 26 78 30 

SHiEi  D THICKNESS (cm) 

Fig .  $1. k3rernsstrahlung Dose 7z5;es f r o m  LPad-Shizlded l s o t o p i c  
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HLFFRRNCE 

c o ~ m i n  . - ....... 

1. Composition .- 

a. Radionucl idic  abundance 

The r ad iomic l id i c  abundances are give12 9.n S e e t i o i l  i . A ,  1. 

b . Radiochemica:. pur i ty  

The r ad iochen ica l  puri-ty i s  g ive2  j-n S c c t i o n  1.A. I-. 

c .  Chemical coinpos i t  ion" 
( J - )  Aange of coirlpositioi? 

Cat ion Ma.ximlmL wt ......... i 6 ___ MinQm+m wt $ 
Sr  97 92 
Ca 5 2 
Ba 2 0.5 
14g 2 0 

one gram of "~r w i l l  pr-ociuce ais, average ~f 
0.0232 g of "%r a f t e r  one yez , r ' s  decay. 

(2) Average chemical cornposit: on 

Metal f1u.m-?-de 
Ca-ti.oi2 .............. Metal, wt " 10 ( bF2) wt .". - L -_I- 1. 

93.5 
1i.T 

Sr 95 
Ca 3.5 
B a  1.0 0.9 
Mg 0.5 0.9 

The sti-nnti.um metal content  of pure Si-Fz i s  -iO.l.O':. 

The strontj-um metal. contenl of average SrF,? is 65.5%. 
The as-processed SrF2 will c o n t a i c  36.0% "Sr. 
144. 

~e const i . tute3 0.03% of t h e  r a d i o a . c t i v i t 2  st a 
maxirflum. 
0.003% of t h e  t o t a l  actj .vit j i .  The 'osHu ac t i . v i ty  
has n o t  Seen found.. These a c t - i v i t i e s  can be 
nez iec ted  compared to t h e  bremsstrahlung r a d i a t i o n .  

Tbe  

The l s 7 C s  has been found - to  be as high  as 

2. S-pcif ic  Power - ---- 

a. 0.360 w/g of pure SrF2 (38.6% 9 0 S ~  m e t a l )  
0.436 w / g  of average SrF2 (36.0% "SI- metal.) 

-1% i s  assumed that ,  t h e r e  are 139 Ci/g of "Sr 
and 1m.g Ci. of 'OSr per  thermal  watt. 

- .  

2 ,  i ! ,  5 

b. 53.7 c i  of "'Sr per  gram o f  pwc s ~ T ' ~  (j8.6& "Sr metal) 
50.0 ci of 90~r per gram of average SrF2 (36.0% " ~ r  meta l )  

11-. -- 
*Resiilts of a-nalyses on strontium t i t a n a k  feed sampl.es of the :Fiss ion 

Products  Uevelopec t  L'aboratory a t  Oak Ridge Nat5L~nal Laboi-a-Lory. 



R. Densi ty  5 1  



STRONTIUM . . . . . FTJJORlDE . . ( S 3 z j n  -_. 

3.  Temperatures of phase t ransformat ions  

(1.) Mel-ti.Lg poin t  

1-463 O C 

( 2 )  -?o i l ing  p o i n t  

2477 " c 

e .  Latent h z a t s  of phase t ransformat ions  

3 f i x i o n  4.3 k.rcal/r;loJ.e 

~5 vaporizat; i o n  '(I.. kca.l/mole 

f .  Vapor p r e s s i x e  
Vapoi- pre  sslJ_re, Tempersturz,  

"c  __.-__-- -li OI-I- 
~ ___.___ ~ lc........ - 

8.j 
1.5. 0 
25. '( 
31.0 

1822 
1880 
1927 
1359 

g.  'Thermal conduct iv i ty  

Thermal cond . Jc t iv i ty ,  Teaperaturz ,  
-1 oc-1 " C  I._..-. ea1 em-' se.c 

0.0120 
0.0055 
3.  0030 

23 

300 
725 

h. 'i"nerma3,. d i f  f us i v i t y  
Thermal d- i f fus iv i ty ,  Temperat-ue, 

"C ... ---2!asec--- ___- 
20 0.0219 

0.0391 309 
3.9043 '(25 

'These values were ca1culal;ed by di.vidi:lg the 
thermal  conduct,ivi,ty by t h e  product of pr he s p e c i f i c  
heat, and a d e n s i t y  o f  3.86 g/cm" . 

43 

43 
j43 

23 

54 
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7. 

k . Total. h e ~ i  s phe T i c8.l erni tt an@ e 

M. Crystallography 

cul?ic: 3. = 5.781 i 

0 .  Diffus ion  m t e s  

Mechanical. P rope r t i  es 

a. Hardness , mclh 

I- 3 .5 

8 .  cberni c a l  p rope r t i e s  

a .  :kat and f ree  energy of' formation, entropy 

(I) Eeat or" formation 

123.;. = -290.3 keal/mole 

(2) Free energy of formation 

up := 4277.2 kcal/mole 

s&3 = 20*5 eu 

f 
(3)  Entropy- 

be Chemical r e a c t i o n s  arid reaction m t e s  

(I) Ni.t;r.ogeri - no r e a c t i o n  

(2) Wa.ter - s ~ g ' i r t l y  s o ~ ~ b l e  

( 3 )  Inorganic acids - inso.1iCoI.e 

5 5  

20 

48 

'cg 

50 
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3. 3iologj.cal 'Tolerances --- 
01 

The "LSr t o l e m n c e s  are given andel- Strontlbm-90 
Metal Fuel  Form, Sec t ion  1.As9. 

10. Shielding Da-t" 

See t h e  sectLons under Strontiim~ Tii;anat,e, 1.B.1.09 
and Stront ium Oxi.de, 1 . C .  1.0, f o r  sh i e ld ing  da . t a .  





HFIFERENCE 
c OLLTrn 

3 .  Radiat, ion 

)I. Z r i t i c a l  tbtass 

Strontix-i-gO and 33k. a r e  cot f i s s S  onablz .  

See Sec t ion  T.B.5. 

a. Density 

4.99 &/em3 f o r  p u e  Sr2T<.g4 

4.93 g/cm" for average Sr,'i 'i04 (ho t  pressed)  

57 
35 

b .  C o e f f i c i e c t  o f  thermal  expansion 
n ihe values  o f  mean l inear .  coeff'ici e n t  of expansion 
f o r  SrTi03 and S r C  a r e  givei: in S z c t i o n  X.R.6.b. and 
1. i l .6 .b .  , r e s p e c t i v e l y .  The values sho:Arn %elow f o r  
Sr2'Yj.04 a r e  t aken  to be an avei-sgc of Lhosc f o ~  
S r T i O ?  and SrO. 

26 

3 -133 
3-200 
3-300 
0-ji00 
3-503 
13-630 
3-730 
3.200 
0-900 
0 -19303 
0 -1130 
0 - 1230 
0-1:3,0 
3 -  1) eo 

c .  S p e c i f i c  k e a t  and enthalpy 

(1) S p e c i f i c  hea t  i n  c a l  g - "  "C-' 

0.134 -I I - - +  m-% - 1.63 1g31-' 28 
. o  (T IS 1.n K; ternperatwe range 298-18013"~) 



06 

g4 



( 2 )  Thernal conducti.vity o f  variolls S rO-Ti02  30, 31 
compositions a r e  giveri i n  Secti .on 1.3.6.~. (2). 

h. 'Thermal d i f  fcs i v i t y  
a Tnermal d i f fus i -v i ty ,  Temperature, 

c r q  s e c "C 
.- .- . . . . _-._- .......... __I____ 

0.3124 
0. OllL 
0.0136 
0.0099 
3.00gL 
3.0389 
3.0085 

200 
400 
630 
800 
1300 
J?00 
1403 

i. Vi.scosity 

j. Surface tens ior ,  

k. 'Total hcmi s p h e r i c a l  emi.'i.tance 

1. Spectral. e m i s s i v i t ?  

m. Cry s t a l l o g r a  yhy 

T e i; r ago nal, body - c e n L e r e d 
0 0 

a = 3.88 A c - 12.63 ,4 57 

n . S olub i 1. j . t  i e  s 59 
A s'ca-tic s o l u b i l i t y  study of t i t a n a t e  f u e l s  using a 
p a r t i c l e  size of c1.77 microns with  9 g of fuel- per 
200 r n l  of dissolver sol.iition gave t h e  fo l lowing  resul-t;s. 

blicrograms of f u e l  per ml of  d.i.ssolver soluLion ..... -.. ..._.._ _I_.- 
Days Deionized Natiiral  S y n t h e t i c  0 . 1  N X C 1  s e aw a. 1; e:. s e awat e ir - w a-L; e I- 



7. Mech.a.nica1 Froperties 

a. Iiarc?.ne s s 

60 

61 



9. F,iol.ogica_l _.,_ Tolerances _.-. . . . __ 
The "Sr t d e r a n c e s  a r e  given under S t ront iun-90  
Metal Fuel  Form; Section I.A.9. 

2.0. Siltelding Data 

Bremsstrahlung rj.ose rates from 9 " ~ r  power S G U ~ C E S  o f  4 
100, 200, 500, 1030, 2030, 5030, 13,090, and 20,030 w 
w i t h  i r o n ,  lead, and uranium shj-elding a r e  given in 
Figs. 3-6 shown in Sec t ion  I.E.10. These SOUI-C~S 

r equ i r e  s igi l i f  i.cant s b i e l d i h g  because of the high  
energy of sone of t h e  photons from the bremsstrahlung 
r a d i a t i o n .  



Maxirfium beta-part,Lcle energy 0.545 MeV 
Avei-age beta-pa.r t ic le  2nerg.y 0*201 MeV 

0.020 + 0.01 1.3'18 x 10-2 7.58 x 1010 

0.040 0.0:L 5,523 x 10-3 3.04 x 1.01" 
0.060 * 0.01 
0.080 k 0*01 

0.100 -t 0.01 

0.120 .? 0.01 

0.140 0-01. 3.1'7 x 103 
0.160 -t 0.01 

0.180 5 0.01 

1...505 x 1.0+ 

1..074 x io-" 
0.260 2 0.01 0.42 x 10" 

0.280 .(- 0.01 

0.gcj0 k 0.01. 

0 * p o  t- 0.01 

0.$0 t 0.01. 

0.360 k 0.01 
a g 8 0  5 0.01 

2 * p  x 10" 

2*01 x 138 

1a.35 x 10" 
0.88 x 108 
0. $6 x 10" 
3.47 x 107 

0.420 rt 0.01 

0. )Cbo -t- 0.0.1 

0.460 2 0.01 

1.8.55 x 10'" 
8.038 x 10-7 

3.1156 10-7 

1.01- z 107 

0.48 107 

1.90 x 106 
0.480 r 0.01 5.80 x 10s 
0.goci 2 0.01 

0.520 ~t: 0.01- 

1.10 x 10s 

5.50 x 103 

0.5'40 f; 0.01 0 " 000 

T o t a l  brenisstrahlimig energy, Mev/beta par t ic lc :  1..41.1. x 



'Table 2 .  Proauct ion or' 3rcmasiraklun& Pno ons 
from Yttrium-90 Hcta i n  S t r o n t L u i z  Oxide MaJu~ix!~ef* 'L 1 

Ma ximum b e t  a -p>ar t i c l e  m e r  gy 2.27 MeV 
Avrrase b e t a - p n r t i c l e  energy 0.944 M2V 

dyerns stra'nl iing W i  Lhin AE e i i e y g u r a . . - .  
eneygy group, Mev Photons 2er beta. p a r t i c l e  Photons w-1  sec-:- --- --.I. ._. .. . ..........-I ~ .,.. _. 

0.100 i 0.05 6.1j2 ic lo-' 3.58 x 
3.200 * 0.05 2 . k15  x 1.0-2 1.33 x 
0.300 t 0.05 1.. 28:. x 1.0-,7 0.70 x ~ 3 " ~ .  

0.4-00 t 0.05 7.674 4.22 x loLo 
0.500 2 0.05 j-c.8p'c x io-= 2.69 i o 1 O  

0.600 I 0.05 3.234 1.0-3 .I. ..(8 x 10l0 
0.700 t 0.05 2.181 x I.O-.? 1 .20 x 

0.800 k 0.05 1.485 x IO-' 8.17 x 1.0 
0.900 + 0.05 1.01)-L ii 10-3 5.58 io9 

1.000 2 0.05 6.887 x lo-" 3.579 lo3 
1.. 1-00 i 0.05 4.630 io-" 2. j5 x :.os 
1.200 + 0.05 3.0 0 x 1 . ~ 5  109 
1.300 t 0.05 1.973 ii ilo-" 1.39 x 10" 

1.500 2 0.05 7.337 4.04 x 1.08 

1.600 k 0.05 4.11-7 x LO-' 2.26 x I.08 

i..700 f 0.05 2.~25 x io+ 1.1.7 x lo8 

1-.800 t 0.05 9.740 x 5.36 io7 

1.900 f 0.05 j . ' (28  x I.o-" 2.05 x 

2.000 t 0.05 1.058 x io-' 5.82 x 1.0~ 

2.200 i 0.05 4,768 10-~ 2.62 lo4 

9 

1.400 k 0.05 1.231. x I-o-'= 0.68 x 1.0' 

2.100 + 0.05 1.6'70 x lo-' 9.19 x 10" 

Toial. brernsstrahlu.ng energy-, Mev/oeta particle 2 -814 x lo-' 



0.020 * 0.01 
0.04.Q t 0.01 

0.060 f 0.01. 

0.080 5 0.03- 

0.500 rt 0.01 

0.520 .c- 0.01. 
1.472 x 10-8 
7.336 x 1.0-'O 

0.546 -t- 0.01 0 * 000 

r i  LoLal bremss-Lrahlimg energy, Mev/'oeta part . i .de 9.924 x 
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Table 4. Production of Biemsstrahlung Photons 
frorr yttr ium-90 i3eta in S t r o n t i u m  Titanate ~ a t ; r i x ( ~ e i ' *  4 ) 

Maximum bein-psriicl e energy 2.27 Mev 
A.Jer.ige be\a-particle energy 0.941~ &lev 

Wiiliin Alii ellera %roup - -_ Srcmsstrahlung 
energy group, Mev Photons per beta particle Photons w - ' ~  se1c-I .._..-_ -.I_..-.__ .--._- _l__ll___ .......... ___.- 

0.100 4 0.05 

0.200 t 0.05 1.782 x 
0.300 t 0.0: 

0.400 * 0.05 5.665 
0.500 t 0.05 3.613 x 
0.600 i 0.05 2.389 l o v F 3  
0.700 -t 0.05 1.61-1 x m-" 
0.800 t 0.05 1.098 x 

0.900 f 0.05 7.Ji-93 lo-* 
1..000 * 0.05 5.092 

l.100 z? 0.05 5.425 x lo-" 
1.200 5 0.05 3.26b ioi4 
1.300 * 0.05 1.460  LO-^ 
1.400 + 0.0) 9.110 x 10-5 

I . . ~ O O  0.05 5 A34 x l0-5 
1..600 i 0.05 3.050 X 10-3 

I-, 'TOO 2 0.05 ~.576 x 1 . 0 - ~  

- 1.800 2 0.0; 7.220 x lo-6 

1.900 0.05 2.764 io-s 

2.000 3 0.05 '7.850 x i.o-( 
2.1.00 t 0.05 1.239 x lo+ 
2.200 i- 0.05 3.540 1 . 0 ~ ~  

4.537 x lo+ 

9.456 x I.o-' 

- 

'Total  bremsstrahlung energy, Mev/beta pari;Lc.!.e 2 

?.50 2i l o l l  

0.9 x l o l l  

5.20 x 131° 

3.12 x 1o1O 

1-31 x loLo 
0.89 x 1G1O 
6.04 x loy 
'1.12 x 10" 

2.80 ~ 0 9  

I .88 lo9 

1.+ 109 

8.03 x 10" 

5.01 x I O 8  

3.00 x  LO^ 
l.68 x I O 8  

8.61 lo7 
3.97 io7 

1.52 x 10' 

4.52 x lo6 
6.81 x i o L  
1.95 lo4 

1.99 x l o l o  

018 x lo-*? 
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