




Contract No. W-7405-eng-26 

CERIUM-144 DATA SHEETS 

S. J. R i m s h a w  
E. E. Ketchen 

Isotopes Division 

NOVEMBER 1967 

OAK RIDGE NATIONAL LARORATOIXY 
Oak Eidge, Tennessee 

ope 1-3 t e d by 
UNION CARBIDE CORPORATION 

for  the 
U.S. ATOMIC ENERGY COMMISSION 





iii 

CONTENTS 
Page 

I . FWLFORM . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1- 

A, CEROUS OXIDE (Ce203) . . . . . . . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . .  B CERIUM OXYSULFIDE (Ce20zS)  13 

c . CERIUM SULFIDE (CczS3) . . . . . . . . . . . . . . . . . . .  1.7 
D . CEROUS FLUORIDE (CeF3) . . . . . . . . . . . . . . . . . . .  21 

11 . Rfi7FERENCES FOR CERIUM-144 . . . . . . . . . . . . . . . . . . . .  25 





CERIUM-144 DATA SHEETS 

I. FUEL FORM (as  processed)  

A. CEROUS OXIDE (Ce203) HALF-LIFE: 285 d 

1. Composition 

a. Radionucl idic  abundance 

With one year  of cool ing time a f t e r  r e a c t o r  
discharge,  t h e  i s o t o p i c  composition will be: 

I s o t  ope $ Abundance 

13.3 
1 4 2 ~ e  42.7 

1 4 4 ~ ~  

140Ce 44.0 

WFEIENCE COLUMN 

1 

2 ,  3 

A t  t h i s  i s o t o p i c  composi-tion, t h e  s p e c i f i c  ac t iv i t j r  
of the cerium iso topes  i s  430 c u r i e s  of 144Ce per  
gram of cerium isotope o r  7.91 x 0.43 = 3.40 watts/g of 
cerium isotope.  
i so topes  decreases with increas ing  cool ing t ime a f t e r  
r e a c t o r  discharge as  shown i n  t h e  following t a b l e .  

The s p e c i f i c  a c t i v i t y  of t h e  cerium 

S p e c i f i c  A c t i v i t y  of 144Ce per  Gram of Cerium Isotopes 
as a Function of Cooling Time Af te r  Reactor Discharge 

With an I r r a d i a t i o n  Time of 100 Days 

Cooling time, S p e c i f i c  a c t i v i t y ,  cu r i e s  of 
days 1 4 4 ~ e  per g of  cerium iso tope  

50 

100 

200 

300 

350 
400 

b. Radiochemical p u r i t y  

The p r i n c i p a l  radiochemical i.mpurity present  i n  t h e  
14*Ce product i s  141Ce (T1l2 = 32.5 d) ,  whose content 
depends on t h e  l e n e h  of time s ince  r eac to r  discharge 
as given i n  t h e  fol lowing t a b l e .  



Calc i~ l~a ted  Ratio of 141Ce/144Ce Act iv? ties 
a s  a Funciion of Cooline Time Since Reactor 

Discharge With an Trrad ia t ion  Time of 200 Tlays 

Cooling t iiiie, Cal.culal;ed r.a.ti.0 of 
141~e/144~e act i.vi-ties 

..._-.I 
days 

_l_l.-...._...._.l_ -l--_ll .......... 

50 
1-00 

0.98 
0.58 

1.50 0.15 

200 0.06 

The 141Ce content j s almost neg l ig ih lp  a f t e r  200 
days of cool ing 'iinie. 

compared with the  144Ce -' 44Pr rad i a t  ion. 
mi, "'Sr, and "'Cs contaminants w e  neg l ig ib l e  ,The 1 4 7  

c .  Cation composition 

Af te r  p u r i f  i.cat ion, t h e  cerium product contains 
399% cerium and <1$ ne0dymiiJm. Neodymium a l s o  
grows i n  from the decay of l 4 " C e  as shown i n  t h e  
following t a b l e .  Hence, it i s  assumed that, a n  
average cerium product contains  954 cerium and 
5 % ne odym iim . 

Time, 144Ce, 142ce, 140Ce, 14'!rKd 
7 

days '$ 5 $ $  

0 15- 3 42. '( 44.0 0 

57 11.6 42.7 44.0 1 . '9 

11.4 10,l 42.7 44.0 5.2 

17 1 8.7 42.7 44.0 4.6 
228 7.6 42. -( 44.0 5.7 
28 5 6.65 42.7 144.0 6.65 

2. Spec i f i c  P O W E  (based on fabr ica . t ion  1. yr a f t e r  r eac to r  d?-scharge) 

a .  2.91 watts/g of pure cepe3 (85.4-k Cc m e t a l )  2 
2.76 watts/g of 95% Ce203-5$ Nd203 

367 curies ' - 4 4 ~ e  p e r  gram of pure Ce& (85.4% Ce metal.) 
349 curies '""Ce per gram of 95% Ce203-5$ Nd203 

b. 
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3 .  Radiation 

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

b. Beta p a r t i c l e s  4 

MaxE, AvgE, Abundance, 
Nuclide Mev Mev % w/kilocurie P a r t i c l e s  w - l  sec-' 

1 4 4 ~ e  0.31 0.090 65 0.44 3.03 x 1012 

0.22 0.060 5 0.233 x 1012 

0.17 0.045 30 1.40 x 

144~, 2.98 1.21 97.7 ' I .  08 '+.5;5j x lo1* 

2.3 0.89 1- 3 0.061 x io1" 
0.8 0.2% 1.0 0.047 i~ io1" 

Tota l  be ta  power 7.52 

c. Gamma 4 
_. -~ 

Energy, Abundance, 
Nuclide Mev k w/kilocurie P a r t i c l e s  w-' sec- l  

144Ce 0.134 1 7  0.20 0.792 x IO1' 

0.10 2 0.093 x io12 
0.08 2 0.093 x Lo= 

0.04 1'7 0.792 x lo1" 
14'pr 2.2 0.8 0.19 0.037 x 10l2 

1" 5 0.25 0.0117 x lo1" 
0.7 1.6 0.075 x 10l2 

Total gamma power 0.39 
Tota l  be ta  power 7.52 
To ta l  gamma and be ta  power 7.91 

d. Bremsstrahlung 4 
The production of bremsstrahlung photons from t h e  
3.0-Mev 144Pr be ta  i n  a cerium oxide matr ix  i s  
given i n  t h e  t a b l e  on t h e  following page. 

e. Neutrons - none 



Production of Brerns  s-traiilimg Fhotons From 
Praseod.ymium-lb4 Beta i n  Cerium 0xid.e Matrix 

Maximum be t s -pa r t i c l e  enei-gy 3.00 Mev 
Average be ta -pa r t i c l e  energy 1.23 Mev 

.I.____..__. Brerns s t rahlung 
energy group, Mev 

Wi-thin Kti energy group 
Photon s[b e t  a part, i c l e  

0.100 + 0.05 9.016 x i o m 2  4.10 x 1011 
0.200 0.05 3.7'03 x l o w 2  1.68 x 1 . 0 ~ ~  

0.300 + 0.05 ;7.051-1- x io+ 9.35 x 1ol0 
0.400 k 0.05 1.289 x 5.86 x io1O 

0.500 i 0.05 8.620 x 3.92 x 1 . 0 ~ ~  

0.600 ? 0.05 6.001 x 10-3 2.73 x iolo 

~ h o t o n s  w - l  sec- l  

o.'joo t 0.05 4.284 x 1.95 x lo1' 
0.800 i 0.05 3.107 x I O m 3  1.41 x 1010 

0.900 i 0.05 2.277 x lo-" 1.04 x 3.0"O 
1.000 ?- 0.05 1.677 x 10-3 7.63 x 109 
1.100 k 0.05 1.238 x io-" 5.63 x 1.0" 
1.200 t 0.05 9.123 x lo-" 4.15 x io9 

1.300 i 0.05 6.698 x 3.05 x io9  
1.400 k 0.05 4.883 x lo-" 2.22 x 1.0~ 

1.500 t 0.05 3.52'j x 1.60 x io9 
1.600 i 0.05 2.516 x 10-4- 1.1.4 109 

i.'ioo t 0.05 1.766 x 8.011 x 10" 
1.800 i- 0.05 1.21.6 10-4 5.53 x LO" 
1.900 t 0.05 8.176 x 3.72 x 10" 
2.000 1- 0.05 5.334 10-5 2.J-13 x 109 

2.100 r 0.05 3.353 x 10-5 1.5j x 1-08 

2.200 i- 0.05 2.011 x 10-3 9.15 x 107 
2.300 -t 0.05 1.155 x 1-0-5 5.16 x i o7  
2.400 ? 0.05 5.91.5 x 10-6 2.69 x io7 
2.500 i 0.05 2.760 x io-" 1.26 10.7 

2.600 ? 0.05 1.095 x 4.98 x 10" 
2.700 t 0.05 3.363 x 1.53 x LO" 
2.800 L 0.05 6.451. x 10~" 2.94 x 10" 
2.900 * 0.05 3.898 10-9 1.77 104 

3.000 * 0.05 0.000 

Tota l  bremsstrahlung energy, Mev/beta p a r t i c l e  5.075 x 
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4. C r i t i c a l  Mass 

Cerium-llch and 14*Pr are not  f i s s i o n a b l e .  

5 .  Compatibi l i ty  With Mater ia l s  of Containment 

6. Thermophysical P rope r t i e s  

RFFERENCE COLUJOl 

a. Density 

5 
5 

6.867 grams/cm3 - dens i ty  of pure Ce203 

6.89 grams/cm3 - d e n s i t y  of 95$ Ce203-5$ Nd203 

b. Coeff ic ien t  of thermal  expansion 

Linear  c o e f f i c i e n t  
of expansion, " c - ~  

8.90 x 
10.60 J.o-" 
1.1.35 x lo-" 
11.41 x 10-6 

11.0 x 10- 
11.1 x lo-" 
1-1.3 x 1.0"" 
11.5 x I.o-" 
11.7 x 
12.0 x 
1.2.3 
12.7 x 3_0-" 
12.9 x io+ 

Temperature, "C 

300 
500 
800 
1050 

263 
415 
503 
616 
720 
845 
975 
1131 
1310 

e .  Spec i f i c  h e a t  and enthalpy 

(1) ~pecific lieat i n  e a 1  g-' "c-l 
9.24 x 
(T is i n  OK) 

E n t h a l p y  i n  cal/molc f o r  @-form Ce203 

HT - H298 2 30.30 T + (5.36 x lom3 F) 

( T  i s  i n  OK) 

+(2.35 x 10-~ T) -(6.'~6 x 1.0~ T-") 8 

( 2 )  

8 

+ (2.22 105 ~ - 1 )  - 1 0 , ~  

d. Temperatures of @ a s s  t ransformations 
( 1 )  Melting point - 2 1 9 O 0 C  

(2)  Boi l ing  point - 5 2 3 0 " ~  

2142 (in ~;i) 
9 
1.0 

1.1 
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e.  Latent  hea ts  of phase t ransformations 

AH ( fus ion )  20 kcal./mole 

c3I (vapor iza t ion)  80 kcal/mole 

f .  Vapor pressure 

log lo  P :: -,?k,OOO/T + 5.56 
(Y' i n  "K and P i n  atm) 

g. Thermal conductivity 

c a l  cm-l sec- l  'c-' 
0.0245 

0.0204 

0.01.JL3 

0.0104 

0.0081 

0.0073 
0.0060 

o.ooj9 

Ti'emperasje, O C 

3-00 

200 

400 

600 
800 

1000 

1200 

1400 

FSFTRENCE ..... COLUMN 

11 

11 

12 (Nd203) 

h. Thermal di.f f us i v i t y  
cm2/se c Ternpea-ature, " c  
O.Ol t43  100 

0.0235 IC00 

0.0118 800 

0.0074 1400 

Calculated by d iv id ing  t h e  product of t h e  s p e c i f i c  
heat  and dens i ty  i n t o  t h e  thermal. conduct ivi ty .  

i. Viscosity 

j .  Surface tens ion  

k. Tota l  hemispherical  emittance 

3-. Spec t ra l  emiss iv i ty  
0.20 t o  0.57 1't (ThOz) 

The exact value of t h e  emiss iv i ty  w i l l  depend 
on the  roughness of t h e  sur face  of t h e  mate- 
r ia l . ,  t h e  presence of impur i t ies ,  and t h e  
e f f e c t s  of r ad ia t ion .  
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m. Crystn7.Logra.phy 

hexagonal 

a = 3.888 A 
0 0 

c = 6.062 A 

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

(1) Water - inso luble  

( 2 )  Su l fu r i c  ac id  - soluble 
0 .  Diffusion r a t e s  

‘ I .  Me c hanic a .1  P r o p  rt i e  s 

a .  Hardness 

5 Mohs 

b .  Crush s t r eng th  

1900 kg/cm2 

8. Chemical P rope r t i e s  

a. Heat and f r e e  energy of formation, entropy 

(1) Heat of formation 

AHof = -435 kcal/mole 
(2 )  Free energy of formation 

AFof = -415 kcal/mole 

( 3 )  Entropy 
SSg8 = 33.5 eu 

b. Chemical r eac t ions  and r eac t ion  rates 
(oxygen, ni t rogen,  water,  steam, hydrogen, 
l i q u i d  metals,  o the r )  

(1) 

(2)  
( 3 )  Nitrogen - no r eac t ion  

(4 )  Water - r e a c t s  

( 5 )  Inorganic  ac ids  - so luble  

Oxygen a t  room temperature - w i l l  r eac t  

Oxygen a t  e leva ted  temperature - pyrophoric 

REFERENCE COLUMN 

5 

9. B io log ica l  Tolerances 

7 

7 

7 

16 

Maximum permissible  body burdens and maximum 
permissible  concentrat ion of 144~e-144~r i n  a i r  
and water were taken from Iief. 17 and a r e  given i n  
t h e  t a b l e  on t h e  following page. 



Maximm Permissible Body Burcens 2nd Maximm Permissible Concentrat ions 
for 4adionuclides in A i r  a i d  i n  Water f o r  Occupational E x p o s ~ r e ~ 7  

Orgar, of reference Max. perxiss ible  Maximum permissible 
Radionuclide m d  ( c r i t i c a l  organ burden i n  t o t a l  For k 0 - h  week 

A i r  Water A i r  type of  decay underscored) body, q ( ! 4  Water 

58 C e i44 ( GI (XI)" 
Bone 

( S O L )  Liver i (a,$-, ri  

1 Kidney 

5 
6 
10 

20 

co 10-8 0.08 3 x 

0.3 - 
0.5 2 x 10- 0 . 2  7 x 

- 0.2 
0.1 4 x p.)-s 

5 >I 2 x 10-9 

3 - 4  2 x 6 x -- 3 x 10- 

.K- 
The abbreviatlons G I  acd U I  r e f e r  t o  the  g a s t r o i n t e s t i n a l  -tricY a r d  lower l a rge  i n t e s t i n e ,  sespec t lve ly .  
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10. Shie ld ing  Data.  

The combined ga.mma an.d 1xemsstrahl.ung dose ra . tes  
from 1 4 4 ~ e - 1 4 4 ~ r  power sources of 100, 200, 500, 
1000, 2000, 5000, 10,000, a.nd 20,000 w a t t s  with 
iron, l e a d ,  arid u ran ium shielding a r e  g-iven i.n 
Figs.  1 t o  4.  

REEERFNCE COLUMN 

4 

DISTANCE FROM CENTtR OF SOURCE (cm) 

Fig. 1. Gamma. Plus .Bremsstra.hl.img Dose Rates From Unshi-elded 
I s o t o p i c  Power Sources of Ceriurfl-l~+4 a s  R. Fmic1;ion of ni.sLa.rlce P 1 - o ~ ~  
Center  of Source .  

, 
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St IIELD THlCKNFSS (crn 1 

F i g .  2 .  Gamma Plus Bremsstrahlung Dose Retes from Tron-Shielded 
Center of source t o  dose point  I s o t o p i c  Power Sources of Ceriwn-14’L. 

separat ion d i s t ance  = 100 em. 



ORNL DWG 63-8475 
IO8 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

SHIELD THICKNESS (cm ) 

Fig .  3 .  Gamma Plus Bremsstrahlung Dose Ra tees f'rom Lead-Shielded 
Center of source to dosc point Isotopic Power Sources of' Cerium-l~dt. 

separatiori d i s t ance  - 100 cm. 



1.2 

O R N L  DWG 63-8476 

0 I 2  3 4 5 6 7 8 3 1 0 1 1  1 2 I 3 1 4 1 5  

SHIELD PHICKNESS (cm 1 

Fig. 4. Gamma Plus  Bremsstrahlung Dose H a t e s  f r o m  Uranium-Shielded 
Isotopic Power Sources o f  ~erium-144.  
separa t ion  dis tance - 100 cm. 

Center of S O U L - C ~  t o  dose poi-nt, 



REFEFBNCE COLUMN 
I3. CERIUM OXYSULFIDE (Ce909S) 

1. Composition 

a. Radionuclidic abundance 

The rad ionuel id ic  abundances are given 
i n  Sect ion I.A.l. 

b. Radiochemical p u r i t y  

?'he 147h, ' ' S r ,  arid 137Cs contaminants 
should cont r ibu te  a neg l ig ib l e  amount of 
r a d i a t i o n  compared with t h e  144Ce-144Pr 
r ad ia t ion  which i s  given under. Sect ion 
I.A.l. 

c. Cat ion compos it ion 

It i s  assumed t h a t  an average cerium product 
w i l 3  conta in  95% cerium and 5% neodymium. 
The growth of neodymium with time i s  given 
under Sect ion I.A.l. 

2.  Spec i f i c  Power (based on f a b r i c a t i o n  1 yr  a f t e r  reactor discharge) 

a. 2.78 wa-tts/g of pure Ce2o2S (85.4% Ce neta l )  2 
2.6k watts/g of 95% Ce202S-5$ Nd202S 

350 cur i e s  of 144Ce per  gram of pure Ce202S (85.476 Ce metal) 
333 cur i e s  of L 4 4 ~ e  pe r  gram of 95% ce20,s+$ N ~ ~ ~ o ~ s  

b. 

3. Radiat ion 

The r a d i a t i o n  i s  given under Sect ion I . A . 3 .  

l+. C r i t i c a l  Mass 

Ceriui-144, 144Pr, and 144Nd are riot f i s s ionab le .  

5 .  Cornpntibility With Materials of Containrent 

See USAEC Rpt.  O F U V L - ~ ~ . ~ ~ ,  Compatibil i ty Data. Sheets 
f o r  Ceriim-I_)+4, ~esi.lun-13:7, Cur ixm,  and Strontium-90 
1 c l a s s i f i e d )  

6 .  Therniophysical Proper t ies  



RXFERXNCE COLUMN 
b. Coeff ic ien t  of thermal. expansion 

Linear c o e f f i c i e n t  
of expansion, OC- '  Temperature, "C 

8.90 x 300 
10.60 x 1.01~ 500 

11.35 x 10-6 800 

11.41. x lo+ 1050 

e .  Spec i f ic  h e a t  and enthalpy 

( 1 )  Spec i f ic  heat i n  e a 1  g- l  O C - l  

9.24 x i ow2  t (2 .35  x T) - (6.76 
x 10' T-2) 8 (Ce703) 

(1' i s  i n  OK) 

Enthalpy i n  cal/mole for 3-form CeZO3 (2) 
- H~~~ - 30.30 T + (3.86 x i o p 3  'P) 

+ (2 .22 x lo5 T - l  ) - 10,122 8 (Ce2Os) 
( T  i s  i n  OK) 

d. Temperatures of phase t ransformations 

(1) Melting p o i n t  -- 2000°C 19 
( 2 )  Boi l ing poin t  - 3 2 3 0 " ~  11 (Ce203)  

e .  Latent  heats of phase t ransformations 

AH ( fus ion )  20 kcal/mole 1 1  ( ~ e 2 0 3 )  

AH (vapor ia t ion)  80 kcal/mole 11 (Ce203) 

f .  Vapor pressure  

e.  Thermal conduct ivi ty  

ea1 c m - l  seem1 "c-' 
0.0245 

0.0204 

0.0143 
0.0104 

0.0081 

0.00'75 

0.0060 

0.0059 

Temperature, O C 

1.00 13 (ThO.2) 

200 

400 
600 
800 

1000 

1200 

1400 
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h.  Thermal d i f f u s i v i t y  

cm2/sec 

0,0443 
0.0235 

0.0118 

Temperature, C 

100 

400 

800 

0.007h- llC00 

Calcula ted  by d iv id ing  the product of t h e  
s p e c i f i c  hea t  and density i n t o  t h e  thermal  
c onduc t iv  i t y . 

i. Viscos i ty  

j .  Surface t ens ion  

k. T o t a l  hemispherical  emittance 

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

0.20 t o  0.57 
The p r e c i s e  value w i l l  depend on the roughness 
of t h e  m a t e r i a l  surface, t h e  presence of 
impur i t i e s ,  and t h e  e f f e c t s  of r a d i a t i o n .  

m. Crystal lography 

hexagonal 

a = 4.008 1 c = 6.834 1 
n. S o l i b i l l i t i e s  

(1) Inso luble  i n  water 

( 2 )  

(3) 
Inso luble  i n  d i l u t e  a c e t i c  ac ids  

Soluble i n  s t rong  minera l  ac ids  

0. Diffus ion  r a t e s  

7. Mechanical P rope r t i e s  

a.  Hardness 

b. Crush s t r e n g t h  

8 .  Chemical Propert i.es 

a.  Heat and free energy of formation, entropy 

(1) Heat of formation 

OHo€ = -430 kcal/mole 

14 (ThOz) 

18 

20 

19 



a .  Heat and f r e e  energy of Eormation, entropy 
( continued) 
( 2 )  Free energy of formation 

/$Of = -416 kcal/mole 

( ca l cu la t ed  by Nor = NIof - TaSof) 
(3) Entropy 

SZs8 - 42.9 eu  

( ca l cu la t ed  by W. T,at irner ' s method) 

b.  Chemical r eac t ions  and r eac t ion  r a t e s  
(oxygen, ni t rogen,  water,  steam, hydrogen, 
l iquid.  metals ,  o t h e r )  

(I) 

(2) 

(3)  
(4) 

A i r  a t  room temperature - very slow 

A i r  a t  e leva ted  temperature - fast 
Water a t  room temperature - no r eac t ion  

Inorganic ac ids  a t  room temperature ...- reac-'is 

Calc u l a  Led 

21, 22 

Biologica l  Tolerances 9. s__.-ll 

Maximum permissible  body burdens and maximun perrnis - 17 
s i b l e  concentrat ion of 144Ce-144Pr i n  a i r  and water 
a r e  gi.ven under t h e  Cez03 Source Form, Sect ion T.A.9 .  

10. Shielding Data 
I___ -. ._ 

The combined garmila and bremsstrahlung dose r a t e s  from 
144~e-144~r power sources of 100, 200, 500, 1000, 2000, 
5000, 10,000, and 20,000 watts with iroil, l ead9  and 
uranium sh ie ld ing  were given under t h e  Ce203 Source Form, 
Sect ion T . A . 1 0 .  
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1. C o m p o s  it ion 

a. 

h.  

C.  

Radionucl idic  abundance 

The radionucli .dic abimda-nces are given 
i n  Sec t ion  I.A.l. 

Radiochemical p u r i t y  

T ~ L  1"7Pm, "Sr, and 13-7Cs contaminants should 
cont r ibu te  a neg l ig ib l e  anioluiC of r ad ia t io r l  com- 
pared with t h e  144Ce-1"4Pr r ad ia t ion  which i s  
given under Section I.A. 1.. 

Cat ion composi t i o n  

It i s  assumed t l ia t  8n average cerium product 
wi.1.1 conta in  95% cerium and 5% neodlgnim. 
growth of neodymium with time i s  gi.ven unii.er 
the Ce& Source Form, Section I .A .1 ,  

The 

2. Spec i f i c  Power (based on f ab r i ca t ion  1 y r  ni%er r eac to r  discharge)  

a. 2.5)~ watts/g of CP;~S, (85.4% cc m e t a l )  
2.41 watts/g of 955 Ce2S3-Jj$ PJd,Y, 

b. 320 cur i e s  of """Ce per gram of Ce2Sa (85.4gh Cc !netal)  
304 c u r i e s  of 144Ce per gram of 95$ Ce2S3-5$ Nd2S, 

3.  Radia t ion  
I 

The raf l ia t ion i s  given under Secti-on I . A . 3 .  

4. C r i t i c a l  Mass 

Cerium-144, 144Pr, and 14"Nd are not  fissionable. 

5. Compa.tibility With Ma.ter.ia,ls of Containment 

See USmC R-pt . ORi!iL-4189, Cornpatibility D a t a  
Sheets €or Ceriun-lLd+, Cesium-13'7, Curium, arid 
Strontium-90 ( c l a s s i f i e d )  

6. Thermophys i c a l  Propert i.e s 

a. Density 
5.19 grams/cm3 - dens i ty  of pure Ce,S3 

5.21 gr.ams/cm3 - dens i ty  of 95s ce2s3-5% ~ 3 2 ~ 3  

2 4. 

2 
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b. 

C .  

d.. 

e .  

f .  

i. 

j. 

k. 

1. 

Coeff icien'c of thermal  expansion 

(10.45 L 0.67) x IO-" /"C 

(20-1020°C temperature range) 

Speci-fie heat  and enthalpy 

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

0.0808 

( 2 )  En'ihalpy i n  calorj_es/mole 

Temperatures of phase t ransformati  ons 

(1) Melting po in t  - 1890"~ 
( 2 )  Boi l ing  po in t  - decomposes to lower 

s u l f i d e  and s u l f u r  vapor above 1890"~ 

Latent  hea t s  of phase t ransformations 

Vapor pressure 

Ce2S, decomposes r ap id ly  t o  Ce3S4 a?, ~ 1 j O O " C :  
with s u l f u r  vapor corning o f f .  
t i o n  s t a r t s  below t h e  melt ing po in i  o f  1830"~.  

The dcconiposi- 

Therrnal conduct ivi ty  

0.00091 c a l  see-' cm-I "c-" at room temperature 

Thermal di f f  us i v i  t y  

0.00217 cm2/sec 

Tho thermal d i f f u s i v i t y  i s  obtained by d iv id ing  
t h e  thermal conduct ivi ty  by t h e  product of t h e  
s p e c i f i c  h2at and t h e  dens i ty .  

25 

25 

25 

26 

V i  s cos it y 

Surface tension 

To ta l  hemispherical  emittance 

Spec i r a l  em3.s s i v i t y  

0.20 t o  0.57 
The value or t h e  emiss iv i ty  depends on t h e  
roughness ol" 'che sur face  of t h e  ma te r i a l ,  -the 
presence o f  impur i t ies ,  and t h e  e f f e c t s  of 
r a d i a t  ion. 

lb (ThGS)  



a. Cry s t a l logvaphy 

cubic - a. = 8.634 A 
0 

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

(1) 1nsol.ubI.e i n  water 

(2) Soliible i n  d i l u t e  a c e t i c  ac id  

0. Dif fus ion  r a . t e s  

7. Mechanical Properties 

a .  liardriess (Vicker ' s  mi.cuoha.rdness) 
403 +. 36 kg/rtmi 2 

b.  Crush strength 

8. Ctiemica.1 Proper t ies  

a. Heat and f r e e  energy of formation, entropy 

(1) H e a t  of formation 

DIPf : -300.5 kcal/rnole 

wof - -297 kcal/mole 

s& = 43.1 eu 

(2) Free energy of formation 

( 3 )  Entropy 

b. Chemical r eac t ions  and reaction r a t e s  
(oxygen, nitrogen, water, s t e m ,  
hydrogen, liquid metals,  o the r )  

(I) 

(2) 

( 3 )  

(4) 
(5) 

A i r  a t  300°C - slow 

A i r  a t  600°C - Past  

Wa.ter a t  100"~ - no r eac t ion  

Alkali at room temperature - no r eac t ion  

Organic and inorganic  ac ids  a t  room 
temperature - so luble  

9. Bio logica l  Tolerances 

Maximum permissible  body burdens and maxirmn 
permissible  concentrat ion of 144C--1"4Pr ., i n  a i r  
and water are given under t h e  Ce203 Source Form, 
SectioE I . A . 9 .  

XEFERENCE COLUMN 

26 

20 

26 

Ca.lc from 28 

29 

23 

17 
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1.0. Shielding D a t a  

The combined ganlina and bremsstrahlung dosz rates 
f rom 1 4 4 ~ e - 1 4 4 ~ r  power sources of LOO, 200, 500, 
1000, 2000, 5000, 10,000, and 20,000 watts  with 
i ron ,  lzad,  and uranium sh ie ld ing  irere s iven  under 
the  Ce203 Soiirce Form, Sect ion I . A . 1 0 .  

4 



2 1. 

REFERENCE COLUMN 
1). CEROUS FLUORIDE (CeF?) 

1. 

2. 

4 .  

I+. . 

5. 

6 .  

Composition 

a. 

b. 

C .  

Radionuclidic abundance 

The rad ionucl id ic  abundances a r e  given i n  
Sect ion I .A.L.  

Radiochemical p u r i t y  

The 147Pm, "Sr, and 137Cs contaminants should 
cont r ibu te  a neg l ig ib l e  amount of r a d i a t i o n  
compared with t h e  144Ce-1441Jr rad-iat  ion which 
i s  given under Sect ion I.A.l. 

Cation composition 

It .i.s assumeti t h a t  an average cerium product 
w i l l  contain 95$ cerium and ?$ neodymium. 
growth of neodymium w i t h  time i s  given under 
t h e  Ce203 Source Form, Sect ion I.A.l. 

T'ne 

Spec i f i c  Power (based on f a b r i c a t i o n  1 y r  afher reactor  discharge)  

a.  2.43 watts/g of pure CeF3(85.j-$ Ce metal) 
2.31. watts/g of 95% CeF33$ W e 3  

2 

b. 306 cur i e s  of 144Ce per  gram of pure CeF3 (85.4$ Ce metal) 
291 cur i e s  of  14"ce per  gram of 951 c~F~-$$ N ( W ~  

Radiat  i.on 

The radiat i -on i s  given under Sect ion I . A . 3 .  

C r i t i c a l  Mass 

Cerj.m-lk)+, 14*Pr, and 144Nd a r e  not fissionable. 

C ompa t ib i l i t y  W i t  h Mat e r i a  Is of Cont a inment 

See USMC Rpt.  ORNL-4189, Compatibil i ty Data 
Sheets for cerium-144, cesium-137, cu-iwn, 
arid stronti1m-90 (classiy-ieci) 

Thermophys i c a l  P rope r t i e s  

a. Density 

6.16 grams/cm3 - dens i ty  of pure CeF3 

6.18 grarns/cm3 - dens i ty  of 95% CeF3-5$ NdF, 
1-3 
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EEE%"NCE COLUMN -___- b. Coefficient of -LiiermaL expansion 

a = 19.7 x io"" + (2.62 ;) 30 (Ba1 '2)  
+ (0.15 x lon1' t2) 

where 

t is in " C  
temperature rangp i s  26-296"c 
value of CX is f o r  BaFF 

c .  Specific heat  and enthalpy- 

(1) Specific heat in e a 1  9- l  "C-' 

9.08 + (5.1.4 l o m 5  T) 
+ (5 .58 x 102 T-") 

(T is rin O K )  

(2) Enthalpy in ca.lories/mol.e 

1% - H298 = L'l.90 T + (5.07 x T2) 
- (1.1. lo5 IT-") - 541.9 

(T is ri.n OK) 

d. TemperaLures or" phase transformations 

(J )  Meliing point - 14jr("C 
( 2 )  8oiling point - 2148°C 

e. Latent h e a t s  OC phase transformations 

AH (fusion) 9.0 kcal/mole 
AH (vaporiza t i on) 

&I (subl imat ion)  69.8 2 kcal/mole 

62.0 kcal/mole 

f. Vapor pressure 

l og lo  .I? ~ -(2.046 2 0.014)(I04/T) 

+ (9.205 0.092) 
wile re 

'I' is in "K 
P is in a h  
temperature is between 1373 and 163h"~ 

31 

31  

32 

33 

11 

11 

33 

33 

&. Thermal conductivity 

Temper at ur e 2-og -. cal em-'- see-' "p 
-_I 

0.0296 0 3'1 (SaFz) 

0.0251 .1.00 



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

cm2/sec Temperatu-re , C 

0. oh22 0 

0.031+0 100 

Calculated by d iv id ing  the product and the  
hea t  of dens i ty  i n t o  t h e  thermal  conductivi-ty. 

i. Viscos i ty  

j .  Surface tens ion  

k. To ta l  hemispherical  emittance 

1. Spec t r a l  emiss iv i ty  

A value of 0.9 can be assumed. 

m. Crystallography 

hexagonal 

3 = 7.11J-1 i c =: 7.273 ?I 

n. Soliib 5 . l i t  j.es 

K, = 8.1 rt 1.1 x lo-'" i n  water 
OP 

0 .  Diffusion r a t e s  

7. Mechanical Proper t ies  

a. Hardness 

b .  Crush s t r eng th  

8. Chemical Proper t ies  

a. Heat and free  energy of formation, entropy 

( I )  fieat of formation 

AHof = -391 kcal/mole 

mof = -372 keaI-/rnole 

( 2 )  Free energy of formation 

(3) Entropy 
7 0  s2g8 z: 27.6 eu 

33 

35 



b.  Chemical r eac t ions  and r eac t ion  r a t e s  
(oxygcn, nj  trogen, water", steam, 
hydrogen, l iquid.  metals,  o the r )  

( I )  

( 2 )  

(3)  Niirogen - no reac t ion  

0xyt;':ii a t  room temperature - no reac t ion  

Oxygen a t  e levated temperature - Terms 
oxyi"1uori de 

( 4 )  Water - insoluble  

(5) Inorganic aci-ds - insol-uble i n  weak ac id  

9. Bio logica l  T o l e r - a E E  

Maximum permissibl-e body burdens and maximum 
permissible concentra Lion of 144Ce-144Pr i n  aiir 
and water a r e  given under the  Ce203 Source Form, 
Sect ion I . A . 9 .  

1.0. -...._ S h i w  Data 

The cor1ibined gama and bremsstrahluilg dose r a t e s  
from 1 4 4 ~ e - L 4 4 ~ r  power sources of 100, 200, >OO, 
1000, 2000, 5000, LO,OOO, and 20,000 w a t t s  w i t h  
i ron ,  lead,  and uranium sh ie ld ing  were kiven undcr 
the  Ce203 Source Form, Sect ion I.A.lO. 

17 

4 
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