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CURIUM DATA SHEETS 

1. - CURIUM-244 

A. CURIUM-24-h METAL 

1. Composition 

a .  Ra.dionuelidic abundance 

HALF-IAIE'E: 18.1. y 1 

2 

Element Minimum, $J M a x i m u m ,  $I 
Cm 99.5 99.8 
Am 0.5 0.2 

An a-verage 244Cm product wi .11  have t h e  
following ana lys i s  : 

Isotope $ Abundance 

95.5. 
2 4 5 ~ ~  1.6 

2.7 
2 4 3 h  0.2 

2 4 4 h  

2 4 6 ~ ~  

b. Radiochemical pu r i ty  

Because of t h e i r  Long ha l f - l i ves ,  t h e  245Cm 

( T l / 2  = 8000 y) impur i t ies  a c t  as i n e r t  d i l u e n t s  
and cont r ibu tc  

The r ad ia t ions  from these  impurities a r e  weak 
gammas o r  alpha p a r t i c l e s  and can be neglected 
because they a r e  r e a d i l y  sh ie lded .  The prompt 
gammas arid neutrons from t h e  spontancous f issiori  
will- be only a f e w  percent of t h a t  obtained from 
spontaneous f i s s i o n  of 2"4~m. 

Since thc 244Cm decays to 240yU, the  plutonium content 
i n  a IOU$ 244Cm sample w i l l  s lowly bu i ld  up a f t e r  
t h e  final p i l r i f i ca t ion  s t e p  as shown In t he  following 
t a b l e .  

T ime ,  months 240P~, $ 
0 0 

( T ~ , ~  = 8000 y), 246 Cm ( T I / ~  = 6600 y), and * 2 4 3 ~ m  

O.J.$I of t h e  t o t a l  source power. 

7.2 2.3 

7-8 5.6 
36 1.0.8 

90 25 -2 
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CFSIUM :HIDRIDE (CsC1) 
FLTFERENCE COLUMN 

-I__c__ 

The r a t i o  o f  13'Cs t o  137Cs a c t i v i t i e s  wi1.1.. 
decrease by a f a c t o r  of -2.0 every two years 
a f t e r  discharge of t h e  f u e l  from t h e  reac tor .  

2. Spec i f t c  Power 

a. 0.120 watt/g of pure CsCl 
0.119 wattt/g of 9976 CsC1--1$ R b C l  

b. 25.1 c i x i e s  of  13'7Cs per gram of pure C s C l  
24.85 cu.rj.es of 137Cs per gram of 9976 CsCI--l$ R b C l  

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  5 
........ ~ _I 

Max i$ Avg E, Abundance, 
w/kilocurie Pa r t i  c l e s  w-' see-'- 

~ 1.-.- 

Nuclide Mev Mev ......... $ - 
1 3 7 ~  1.3.8 0.42 8 1.23 0.619 x 1 . 0 ~ ~  

0.52 0.19 92 7.11 x 1.0l2 

c. Gamma 5 
~. I-_- .._.I...-._ 

Energy, Abundancz, 
$ w/kilocurie P a r t i c l e s  w-' -I-_-___ sec-" ............... Nuclide Mev - ..... 

137m3a 0.662 83.5 3.61 6.46 x 1.0-12 

Tota l  g m i a  power 3.61 
3.. 22 Tota l  beta  power _I 

Tota l  gamma and beta power 4.84 
.......... .. ......__C_ -_-. _____ _. ....... 

d. Bremsst-rahlung > 
Bremsstrahlung r ad ia t ion  f r o m  t h e  1 . 3 - 8 - M ~ ~  be ta  
p a r t i c l e s  i s  ne&] i g i b l e  compared t o  t he  sh te ld ing  
requi r ed  f o r  the 0.662-MeV gamma photons. 

The 'urerns s t rahl img rad i a t  ion f porn the 0.52 -&lev beta  
p a r t i c l e s  w i J . 1  be s imi la r  t o  i h a t  from t h e  0.545-Mev 
be ta  p a r t i c l e s  u f  "Sr ca lcu la ted  i n  R e f .  5. These 
values a r e  given i n  Appendjx I, Table 1. 

The brernss'cr-ahl.iing r ad ia t ion  from t h e  1. I ~ - M ~ V  be ta  
p a r t i c l e s  of lq7cs w i l l  be s imi l a r  t o  iiiat from ihe 
0.968--~ev be ta  p a r t i c l e s  of 170T~n ca lcu la ted  i r i  Ref. 3 -  
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CESIUM CHLORIDE ( C s C 1 )  
REFERENCE C O L W  

These values  a r e  given i n  Appendix 1, Table 2 .  
More accurate  values  of the bremsstrahlung 
spectrum can be ca lcu la ted  from the  computer 
program given i n  Ref. 3. 

e .  Neutron - none 

4. Critica.1. Mass 

Cesium-13'7 and 137Ba. a r e  not f i s s i o n a b l e .  

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

A C s C l  source which was encapsulated i n  s t a i n l e s s  s t e e l  
and contained 1540 cur i e s  oi' 137Cs showed no s igns  of 
r eac t ion  a f t e r  being opened nine years  l a t e r .  The source 
operated a t  s l i g h t l y  above ambient room temperature. 

6 

6.  Thermophysical P rope r t i e s  

a,. Density 

Density of CsCl versus tempera Lure 

Temperature, 
O C  

25 
100 
200 
300 
400 
469 
500 
600 
645 

Dens i t g  , ,g/cm 3 

cubic f c c  Liquid -- 
3 * 799 
3 9 952 
4.897 
3.827 
3.758 
j ,709 3.1.3' 3 

3.141 
3 * 095 
3.0'72 2.792 

Density or molten CSCL i n  g/en3 

= 3.4782 -(1.0650 t )  
(temperature range 670-905°C) 

b .  Coeff ic ien ts  of thermal expansion 

4.78 10-~/0c 

(temperature range T O - L ~ O " C )  

'7 
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- CRSIUM ._.. CHMRIDE ._.... ( C s C a  . 

c .  Specif ic  heat and enthdlpy  

(1) Specif ic  heat  i n  c a l  "C-' 

C s C l  ( s o l i d ,  a lpha )  

7.59 x iom2 + (f.29 x io-" T) 
. ( 2 .  (1 x le r-2) 

(temperature range 485.2-'(h0.5"K) 

C s C l  ( s o l i d ,  be t a )  

4.78 x + (1.05 x io-" T) 
- (5.29 x lC2 Tm2) 

(temperatu-re range 753.7.-,304.9"K) 
C s C l  (liquid) 

8.23 x 1.0- + (2.54 x 10- r) 
(temperature range 92:3.6-l168 e 0 ° K )  

( 2 )  Enthalpy i n  calories/mole 

C s C l  (sol-id, alpha) 

1% - H Z 7 3 . I f s  =: -3705 -t- 1.2.78 T c (6 . l l l~  

x lo-" 9)  + (4.56 x 3.0" T - l >  

(temperature range 385.2-71Co. j " K ,  +0-5$) 

C s C l  (solid, b e i s )  

I-ET - HZ73.15 = 1365 -t- 0.805 T i- (8.82 
x 1.0"~ T') + (8.91 x 10" Ic-'-j 

REFERl3NCE COLUMN 

LO 

10 

(temperature range '(53. i-904. ~ O K ,  i70 j. 5%) 
C s C l  ( l i q u i d )  

Hay - H 2 7 3 . 1 5  = -0.69 i 13.86 'I' + (2.J-4 x lom3 'Ll') 

( temperature range 923.6-1168. O"K, +o. 5%) 

d.  Temperature of phase transforumti oris 

(1) Meltirig poini .-." 645"~ 11 

(2)  oiling poin t  _.- 1 3 0 0 " ~  1 1  

( 3 )  Meltirig temperatures of  C s C l - B a C l z  mixtures 12 
Mo1.e % CsC!, 

50 
60 
70 
80 
90 
100 

86.5 

-_.. . Temidrature, . . . . . .. ._.. " C  

'r2 i, 
630 
614 
590 
5 99 
657 
568 
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CESIUM CI-ILORIDE (CsC1)- 

e .  

f. 

g .  

h. 

i. 

j .  

La.tent heats  of phase transformations 

7 

1-3 
13 

t r a n s i t i o n  (469°C) 1.8 k.cal/moI.e, 
cubic t o  f c c  

AI3 fusion 

DH vaporiat ion 

4.9 2 0.1 kcaL/mole 

38.2 * 2.0 kca.L/mole 

Vapor pressure 
11.076 10" 1000 

log Pmfi = 11.346 - T -t + l o g  1-4 
( T  i s  i n  OK) 

Thermal conductivity 

c a l  ern-' s cc - l  C -= Temperature, " C  15 
0.0014 56 46 

89 0.001365 
Determined on 87.g) t h e o r e t i c a l l y  dense 
p e l l e t s  of C s C l .  

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

cm2/sec 

0.0050 

Temperature, "C 

46 
89 0 .004 7 

Calculated 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  heat  and densi ty .  

Vis cos it y 

7, cent ipoise  Temperature, "C  

667 
1.06 727 

777 
0.68 827 
0.56 87 

897 0.52 

1.45 

0.84 

Surface tension 

dgm/cm 
89.2 

81.9 
73.7 
66.4 
61.6 
56.3 

Temperatwe, "C 

661c 

771 
881 
979 

1035 
LO80 

1 '7 
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CESluM CHLORIDE (CsCl) _._. 
F3FEKENCE ___._. COLUMN 

k. 'Total hemispherical  emittance 

1. Spectral. emiss iv i ty  

A value of 0.9 can be assumed. 

m. Crystallography 

cubic, body centered 

a 7 4.115 kX 

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

g per  100 g water -. 'Temperature O ...... C 

162.3 0.7 
1-97.2 99-9 
229.11 60.2 

259.6 89. > 

-. 

290.0 119.4 

0.  Diffusion r a t e s  

Mechanical Propert; i e s  

a. Hardness 

b. Cmsh s t r eng th  

8. Chemical. Proper-t ies 

a. Heat and f r e e  energy of formabion, enti-opy 

(1) Heat of format,ion 

AHof = -1.06-3 kcal/mole 

(2) Free energy of formation 

m0f = ,-99.6 kCal/mGk 

( 3 )  EEntropy~ 

S,:g8' = 23.3 eu 

b. Chemical reac t ions  and r eac t ion  r a t e s  (oxygen, 
ni-trogen, water, steam, hydrogen, l i q u i d  
metals,  o%her) 

(I.) Oxygen ..- no r eac t ion  

(2) Nitrogen - no reac t ion  

( 5 )  Water -.- soluble 

(4) Inorganic acids ̂..- sol.uble 

r.8 

1-8 

11 

11. 

11 

1.8 



REFERENCE COLUbUd 

10. 

I 

19 9. Bio logica l  Tolerances 

Maximum permissible body burdens and maxi.mum 
permissible concentrations of lS7Cs i n  a i r  and i n  
water were taken from Ref. 1.9 and a r e  given i n  the  
t a b l e  on t h e  following page. 

Shielding Data 

Gamma dose r a t e s  f r o m  lS7cs power sources of 100, 
200, 500, 1000, 2000, 5000, 10,000, and 20,000 
wat t s  with iron, lead,  and uranium sh ie ld ing  aril 
given i n  Figs. 1-8. Extra sh ie ld ing  i s  required 
when l S 4 C s  impurity i s  present  i n  the 137Cs source 
because of t h e  higher energy gama photons of 134Cs 
compared t o  1 3 7 ~ s .  

-- 



Maxkxa Permissible Sody Burdens and Itax5m.m Permissible Cloncentra i ons 
f o r  Radionuclides i n  Air ard In Water f o r  Occupational Exposure i 9  

Organ of reference Ma. permissible I%..ximwn I_ permissible concentrations,  @c/cm" 
Radionilclide a 3  ( c r i t i c a l  organ b u d e n  i n  t o t a l  For 40-h~ week ?or is8 -kr week 

t y p e  of decay :m<e r s core 6 ) bod>-, q b - 4  Water Air Water A i r  

T o t a l  Body 

Liver 

55cs"7 

( B - 1  w-$ 

(Sol )  i \ Bone 

30 4 lo-" 
40 5 x 
50 6 x 13-4 

50 7 x 
100 10-3 

100 13-3 

300 5 10-3 

0.G2 

L u g  - 10-8 5 
(hd (GI (LLI)* _I_ 2 x 4 x  LO-^ 8 x IO-" 

3t The &breviatioris GI, SI., and &&I refer t o  g a s t r o i n t e s t i n a l  t r a c t ,  small i n t e s%ine ,  and lower l a r g e  
in-testfne, respectively. 

, 
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10’0 

I o9 

DISTANCE FROM CENTER OF SOURCE (an) 

Fig. 1. Garma Dose R a t e s  f rom Unshieldnd I s o t o p i c  Power Sources 
of Cesium-157 as ti Function of Distance from Center of Source. 



1.0 

io9 

108 

io7 

ORNL DWG 63-8468 

SHIELD THICKNESS (cm ) 

Fig. 2. Gamma Dose Zates rrorn Iro~y-Shiel-ded l so top ic  Power 
Sources of Cesium-137. Cpnter o f  source to dose point separation 
distance = 100 em. 
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OHNL DWG 63-8469 

SHIELD THICKNESS (cm 1 
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SHIELD THICKNESS (cm 1 

Fig .  4 .  
Sources (37 Cesium-137. 
distdnce : 100 cm. 

Gamma Dose Rates fyom Uranium-Sh1elded Lsotopic Power 
Center of source  to do?? poin t  separation 



1 o8 

10’ 

1 06 

Id 

I o4 

I o3 

ORNL-DWG. 63-8301 

0 100 200 300 4M 500 600 700 800 900 1000 
DISTANCE FROM CENTER OF SOURCE (cm) 

Fig .  5. Gamma Dose Rates Contributed by a 176 Impurity of Cesium-134 
Cesium-13r( Isotopic Power Sources as a Furiction of Distance from 

CeriCer of Source. 
a . c t iv i ty  due t o  cesium-137; r e f e r  t o  Fig. 1. 

Cesiim-134 i s  assunled t o  coiitr5bute l.$ OB t h e  beta 

I 



SHIELD THICKNESS (cm ) 

Fig. 6.  Gamrna Dose Rates Contributed by 3 1.k Iznpu.r-ity of 
Cesi.m-1-44 in Iron-ShieIdeiJ I so top ic  Power Soixcer ,  of Cesi.um-13'i.  
Center of source t o  dose point  s e p ~ a k i o n  diskance :: 100 cm. 
Ccsium-1$4 i s  assumed t o  cont r ibu te  1-8 of t h e  b e t a  a c t i v i t y  due 
t o  cesium-3-37; refer  to Fig. 2. 
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0 I 2  3 4 5 6 7 8 9 1 0 1 1  I 2 1 3 1 4 1 5  

SHIELD THICKNESS (cm 1 

Fig. 7 .  Gamma Dose R a t e s  Contr ibut td  by a I$ Impurity of 
Cesiwn-13k in Lead-Shielded I so top ic  Power Sources of Cesium-137. 
Center of source to dose poitit scparation distance = 100 cui. 
Cesium-134 is as8swned to c o n t r i b d x  1% of  the beta a c t i v i t y  due 
t o  ccsim1-l3”7 refer t o  Fig.  3. 



16 

io5 

io5 

io4 

io3 

1 0 2  

I O '  

I 

Io-' 

I 0-2 

SWIELD THICKNFSS (crn) 

Fri.g. 8 .  Gamma Dose Rates Contributed by a 1% Impurity of 
Cesium-134 i n  Uraniwn-Shielded I so top ic  Power Sources of' Cesium-15(. 
Cenicr 07 source t o  dose point separation distance - 100 em. 
Cesium-134 1s assumed to contr ibute  1% of  t h e  beta a c t i v i t y  due 
t o  cesium-ljr(; r e f e r  to Fie;. 4. 
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1. 

2. 

3-  

4. 

5. 

6. 

Compos it ion 

a. Radionuclidic Abundance 

The cesium product contains >99$ cesium and 
<I$ rubidium. The r ad ionuc l id i c  abundances 
are given i n  Sect ion I.A.l. 

b. Radiochemical Pu r i ty  

The p r i n c i p a l  radiochemical impwi ty  i n  t h e  
137Cs f i s s i o n  product i s  l Z 4 C s  (T1/2 = 2.1 y) ,  
whose content i n  aged wastes i s  2-5$ of t h e  
137Cs a c t i v i t y .  The r a t i o  of lZ4Cs t o  t h e  
l Z 7 c s  a c t i v i t i e s  w i l l  decrease by a f a c t o r  of 
-2.0 every two years  a s  a r e s u l t  of decay. 

Spec i f i c  Power 

'0. 2i3.5 cu r i e s  of 137Cs per  gram of pure Cs2SQ4 2, 5 ,  11 
23.1 cur i e s  of 137Cs per  gram. of 99$ Cs2SG4-1$ 

Hb2S04 

Iiadiation 

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

C r i t i c a l  Mass 

Cesiuni-157 and 137Ba a r e  not  f i ss ionable .  

Compatibil i ty With Mater ia l s  of Containment 

Thermophysical Proper t ies  

a. Density 

4.243 grams/cm3 - dens i ty  of pure Cs,$O,: 

4.24 grms/cm3 - dens i ty  of 99$ Cs&3O4-l% Rb2S0, 

b. Coeff ic ien ts  of thermal expansion 

e. Spec i f i c  hea t  and enthalpy 

(I) Speci f ic  hea t  

0.088 ca l  g-' "e-" 
(2)  Enthalpy i n  c a l o r i e s  

20 

21 
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CESIUM SIJLFAI? ( C S ~ S O ~ )  

d. Temperatures o f  phase transfoymaiions 

(1) Melting point  - i_olg0c 
( 2 )  Boiling point 

e .  Latent heats  of phase transformations 

AH (fusion)  15 kcal/mole 

(estimated from Na2S04 and K2S04) 

f .  Vapor pressure 

g. Thermal conduct ivi ty  

h. Thermal d i f f  us i v i t y  

i. Viscosity 

j .  Surface tension 

Temperature O C Q?3!!22 
111.3 1036 
105.0 1105 

97.3 1221. 

83.0 1-5 30 

87.4 1423 

k. Total. hemispherical emittance 

1. Spect ra l  emissivi ty  

A value of 0.9 can be assumed. 

m. Crys tal-lography 

rhombic (K2S04 type)  

a = 6.221 kx 
b = 10.35 kX 
c -- 8.23 kx 

n. Solubi . l i t i es  
g per 100 g water -. Temperature, "C  ...._____ - 

167.6 0.7 
184.4 30.4 

1-99 * 4 59.5 
214 8 89.8 
224.5 108.6 

21 

17 

18 

18 
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- CESIUM SULFATE ( C S ~ S O ~ )  
REFEFG2NCE COLUMN 

7. 

a. 

9. 

10. 

0. Diffusion r a t e s  

Mechanical Proper t ies  

a. Hardness 

b. Crush s t r eng th  

Chemical Proper t ies  

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

(1) Heat of formation 

AH0f = -339.4 kcal/mole 

(2)  Free energy of formation 

&For = -310.6 kcal/mole 

( ca l cu la t ed  by aF"f = AHof - TASof) 

( 3 )  Entropy 

SSs8  = 49.2 eu 

( ca lcu la ted  by W; Latimer 's  method) 

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) Oxygen - no r eac t ion  

( 2 )  Nitrogen - no r eac t ion  

( 3 )  Water - soluble  

(4)  Inorganic ac ids  - soluble  

Bio logica l  Tolerances 

Maximum permissible  body burdens and maximum 
permissible  concentrat ion of 137Cs i n  a i r  and 
water a r e  given under t h e  C s C L  Soi l ree Form, 
Sect ion I.A.9. 

Shielding Data 

The sh ie ld ing  requirements a r e  presented under 
the C s C l  Source Form, Section I .A .10 .  

I 3  

20, 22 

22 

18 

19 
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WFERXNCE COLUMN - . ~  
C. CESIUM BOKOSII,TCATE GLASS (Cs20*B2O3.4. 2Sj.02) 

1. 

2. 

4 .  

4. 

5. 

6. 

Comnuosition 

a.  Hadionuclidir  Abundance 

The cesi.um product contains  -98 cesium and 
<l$ rubidium. The rad ionucl id ic  abundances 
a r e  given i n  Seci ion 1.A.1. 

b. Radiochemical P u r i t y  

The p r i n c i p a l  radiochemical impuri.t;y i.n t he  
137Cs f i s s i -on  product, i s  134Cs ( ~ i ' ~ / ~  = 2.1 y), 
whose content i n  aged wastes is 2-5'76 of t h e  
137~s  a c t i v i t y .   he r a t i o  of 13'cs t o  137~s 
a c t i v i t i e s  w i l l  decrease by a f a c t o r  of -2.0 
every two years as a r e s u l t  of decay. 

Spec i f i c  Power 

a .  0.065 wa-tt/g of pure cesium g la s s  4 
0.064 watt/g of 9% c e s i m  glass--l$ rubidium 

glass 

b. 13.6 cur ies  of 137Cs per gram of cesium glass 2 7  5, 
13.5 cu r i e s  of L3-7Cs per  graii of 994 cesium 

gl a s  s-I$ rub idiurn g l a s s  

Kadiat ion 

'The rad i at, i on is given under Sect ion I:. A. 3. 

I. 

C r i t i c a l  Mass 

Cesium-13'7 and 13'Ba a r e  not f i s s ionab le .  

"_-_ Compatibil i ty ..-I-.....I...- _. With Mater ia ls  of Containmen.t 

. . ~  Thermoenp .. j.cal Proper t ies  

3.1 grams/cni3 - densi ty  of pure cesium g l a s s  

3.1 grams/cm3 - dens i ty  of 99% cesium glass-l$ 
rubi dium glass 

b. Coeff ic ien t  of  thermal expansion 

7.0 x IO-~/"C f o r  1.24 tib20-1.08 ~203- 
7.64 Si02 g l a s s  
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CESIUM BOROSILICATE GLASS ( Cs20-B2G3.4 .2SiO2) 

C. 

d. 

e .  

f .  

ge 

h. 

i. 

3. 

k. 

1. 

m. 

n. 

Spec i f i c  heat  and enthalpy 

(1) Spec i f t e  heat i n  c a l  g-' "12"' 

0.148 a t  298"~: 
(2)  Enthalpy i n  calories/rrole 

Temperature of phase t ransformations 

(1) Softening point  - ~ % O O - . I ~ O O " C  

(2) Roi l ing  poin t  

Latent hea ts  of phase t ransformations 

Vapor pressure  

A t  1200°C cesium glass will v o l a t i l i z e  a t  
t h e  r a t e  of jg mg of Cs20'R203 per cm2/hr. 

Thermal conduct ivi ty  

- c a l  cm-I I_ sec - l  "c-'- Temperature, "C 

0.0056'i 115 

0.00424 209 

0.00600 352 
0.00792 448 

These values are f o r  E y r ~ x  glass. 

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

0.0117 cm2/sec a t  298"~ 
This value was ca lcu la ted  by dividi-ng the 
t h e  thermal conduct ivi ty  by t h e  product of 
s p e c i f i c  heat  and dens i ty .  

Viscosi ty  

Surface tens ion  

Tota l  hemispherical  emittance 

Spec t r a l  emissivi ty  

cry stall-ography 

Glass shows no long-range X-ray s t ruc tu re .  

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

The l each  rate of cesium glass  i s  
0.2 mg day-1 01- C S ~ O * B ~ O ~ .  
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CESIUM HOROSLLICAW GTASS (CsrO.B20& 2SLOA 

0. Diffusion r a t e s  

7. Mechanical Propel%Les 

*a. Hai-dne s s 

5-'( 011 Mohs sca l e  

b.  Crush. s t r eng th  

j'jOO-'(-OOO kg/cm2 at; room temperature 

8 .  Chemical .....-..,- ProEerties l.. ..- 

27 

27 ( s i l i c a t e s )  

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

(1) Heat of formation of C s 2 0 * 3 2 0 3 * ~ - t ,  %io2 
AHof = -l3l'.( kcal/riiole 22, 25 
(est;bnai;ed from t h e  &"f' s of t h e  individual- 
oxi.des arid the Na-B compounds) 

(2) Free enera-  of formation 

mo f = -127(' kcaI/mole 22, 25 
( ca l cu la t ed  by Ab'", :. AHof - TASDf) 

(3) Entropy 

s& 95.b eu 22 

( estimated by summing t h e  inii ivid.ual oxides) 

b. Chemical r eac t ions  ant2 r eac t ion  r a t e s  
(oxygen, nit rogen,  water,  steam, 
hydi-ogen, l i q u i d  metals, othei-) 

( I )  Oxygen - no r eac t ion  

(2) Nitrogen - no reaction 

(3) Water - 0.2 11% cni d.ay-' of cesl.1.m 

(Ll) 1norganj.c ac ids  - soluble  

-2 

9. Bio logica l  Tolerances 

Maximum permi-ssible body burdens and fnaximwn 1-9 
pprmissible concentrat ion of 137Cs i n  a i r  and water 
are  given under t h e  C s C 1  Source Form, Sect ion 1.A.g. 

10. Shielding Ua.ta 

The sh j  e ld ing  requirements a r e  prcs2nted under 
t he  C s C l  Source k'orm, Section I . A . 1 0 .  
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APPENDIX I 

?;e,. 5 )  Table 1. Production of Bremsstrahlung Photo 
From Stronti.im-90 Beta i n  Strontium Oxide Matrix 

Max.hum beta-particle energy 0.545 MeV 
Average beta-particle energy 0.201 Mev 

Hrems  stralnlung Within L a  energy group 
energy group, Mev Photons/beta p a r t i c l e  Photons w - l  sec-' 

0.020 k 0.01 
0.040 k 0.01 

0.060 t 0.01 

0.080 t 0.01 

0.100 + 0.01 

0.120 5 0.01 

0.140 2 0.01 

O . l f 5 0  5 0.01 

0.180 -t 0.01 

0.200 + 0.01 

0.220 k 0.01 

0.240 k 0.01 

0.260 z 0.01 
0.280 2 0.01 

0.300 t 0.01 

0.320 k 0.01 

0.360 rl 0.01 

0.380 k 0.01 

0.420 k 0.01 

0.440 k 0.01 

0.460 t 0.01 

0.480 t 0.01 
0.500 k 0.01 

0.520 5 0.01 

0.340 3- 0.01 

0.400 5 0.01 

0.540 ? 0.01 

'Total bremsstrahlung energy, 

1.378 x 1 - 0 ~ ~  

5.523 x IO-" 
2.998 x lo-" 
1.81Ci x io-" 

1.208 x io--" 
8.259 x 10-4 

5.759 10-4 

4.086 x 10-4 
2.923 x io-" 
2.099 x io-" 

1.505 x 10-~ 

1.074 Y IO'" 

7.604 x 
5.315 x 10'' 

3.654 ,Y lo-!> 
2.458 x 10"" 
1.609 x io-" , 

1.016 x 10'" 

6.135 x io+ 
3.491 x lo-" 
1.835 x 10'" 
8.638 x io-'7 

1.065 x 

1.000 x 10-9 

0.000 

Mev/bcta pa r t i c l e  1.411. x 

3.456 x 10'~ 

2.007 x lo-" 

9,80 x io1O 
3.95 x 1010 
2.13 x 1ol0 

1.31 x 1010 
8.39 x x:P 
5.86 x 103 
4.09 x i o 9  
2.91 x 10" 
2.08 x 10" 

1.07 x io9 

5.hl x LO" 

3.78 x loa 
2.60 x io8 
1.75 x 10" 

7.22 x 107 

4.36 x 107 
2.48 x 107 
1.30 x 107 

1.49 x 109 

7.64 x loR 

1.14 x 10" 

6.14 x 10" 
2.46 x lo6 
7.57 x 10" 

7.11 x io3 
1.43 x 10" 

10 -" 

I 
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Table 2. Production of Bremsstralllung Photo s L1 

From Thulium-l'[U Zeta 1 i n  Thubi.um Oxide Ma.tr.ixyRei 5) 
..... -. I ... 

Maximum beta-particle energy 0.968 Mev 
Average beta-particle energy 0.3% Mev 

Wi'diin AE energy gm11.p ...... . .- Byem s st rahlung - 
energy group, Mev Phot ons/be-i;a pax% icle Photons w - l  see-'- - .......... 1.1.-. 

0.050 0.025 5.736 x I..o+ 

0.100 I 0.025 2.085 x i om2  
0.150 i 0.025 1.026 x 
0.200 0.025 5.686 x IO-" 

0.250 L 0.025 3.340 x io-" 
0.300 + 0.025 2.020 x Ul-3 

0.350 + 0.025 1.2'36 

0.11-50 i 0.025 

0.400 0.025 7.551 x lo-' 
I+.  562 x i o w 4  

0.500 + 0.025 2.696 x 1.0~" 
0.550 -c 0.025 J-.542 x l o m 4  
0.600 t 0.025 8.410 x 
0.650 2 0.025 4.296 x 
o:ioo t 0.025 

0.750 -t 0.025 8.1.58 10-6 

0.800 i 0.025 

0.850 i 0.025 6.111 x 1 . 0 ~ ~  

0.900 -t 0.025 6.278 x 1 o - O  

0.950 i O.O?5 

2.000 x 1-0 -Ls 

2.680 x 3.0 

2.196 x l.o-io 

Tot a 1. bremsstrahlung energy, Mev/bet a part i c l e  

3.55 x 1 o ' O  

J..2? x lolo 

6.35 x 10" 
3.52 X 1.0" 

1.2> x IO" 

7.Gj x 108 

?.82 x io8  
1-G7( x 108 

9.54 x lo/ 
5.21 x io7 

2.GG x io7 

1.24 x 10' 
5.0h x ios  
1.66 x io6  

3.78 x l o5  
3.89 x 104 
1.36 x I O 2  

2.07 x lo3 

4.67 x l o8  

1.033 x 



25 

I1 REFERENCES I FOR CESIUM-137 

1. Knolls Atomic Power Laboratory, General- E l e c t r i c  Company, Chart of the 
Nuclides, 7th cd.,  revised t o  June 1.964. 

2. S.  J .  Kimshaw, I so topic  Power Data Sheets,  USAEC Rpt. TID-'T69b (Pt. 1), 
Conf. on Isotopic Power Development, Germantown, Md., May 18-19, 1964. 

3. C .  R .  Memhardt, F i n a l  Report on a Radioisotope Heat Sourcc Evaluation 
Program, p. 58, Cook E l e c t r i c  Company (December r961+). 

C .  A. Rohrmann, Radioisotopic Heat Sources, LJSMC Kpt . liw-76323, 
Hanford Laborator ies  (February 1963) . 

4 I. 

5 E .  D .  Arnold, Handbook of Shielding Requirernents and Radiation 
Charac t e r i s t i c s  of I so top ic  Power Sources for. T e r r e s t p i a l ,  Marine, 
and Space Applications,  USMC Rpt. ORNL-j>76, Oak Ridge National. 
Laboratory (April 1.964). 

K. W .  H a f f ,  Examination of a Nine-Year-Old 1"7CsCl Source Capsule, 
USAEC Rpt . ORDTL-'IN-584, Oak Ridge National  Laboratory (Aixgus t  1965). 

6. 

'I. J. W. Johnson, P.  A.  Agron, and M .  A. Bredig, Molar Voli.mi.e and. S t ruc ture  
of Solid and Molten Cesiwri €Ial.ities, J. Am. Chern. Soc. 77: 2'734-'7 (1955) . 

8. J. G'M.  Bockris, Modern Aspects of Electrochemistry,  No. 2, But torwor t f i s  
Sc ien t i i ' i c  Publ ieat jons,  London, 1953, p.  170. 

9. J. Chris tiari a n d  I). Lynch, Linear Therrnal  Expansion Coe€ficient  of  
the  N a C l  Phsse of  C s C l ,  J. Chem. Phys. 40: 248 ( l964) .  

10. C.  E .  Kaylor, G. E .  Walden, and D .  F. Smith, High Temperature licat 
Content and Entropies or̂  Cesium Chloride and  Cesiim Iodiiie, J. Phx. 
_II Chern. 64: 276-8 (1960) . 

11.. A .  Glassner, The Therrnochemical Proper t ies  of the  Oxides, F l m r i d e s ,  
and Chl.ou.idcs t o  2>00°K, U%EC Rpt. ANL-5750, Argonne National 
Labors-tory (1957). 

12. W. D. Box, Oak Ridge National Laboratory, unpublished riaba, J u l y  1967. 

l3* 0 .  KiAmschewski, E.  Evans, and C .  Alcock, Meta.Llwgica,l. Thermochemistry, 
4 th  ad. ,  Pergamon Fress, New York, 1.967. 

1.4. G. E. Cogin and G. E - Kimball, The Va.por PI-e ssures of Some Alkal i  
i-Ia.l.ides, J. C'nem. Phys. 16( 11) : . 1035-48 (1.948) . 

15. D. L. McElroy to T. A .  Butler, priva.t,e conmiunication on the  thermal  
conduct iv i ty  of C s C l ,  Oak Ridge Nat ional  Labora.tory, 1965. 

16. G. J. Ja.nz, A.  T .  Ward, and li. :D. Reeves, Molten S a l t  Rata. ,  Tuchnica.1 
Bu l l e t in  Se r i e s ,  Rensselaer Polytechriic Jr is t i tu . te ,  Troy, Ti. Y., 
Ju ly  1964. 

F 



26 

17. 

18. 

1.9. 

20. 

21.. 

22. 

23 

24. 

25.  

26. 

27 - 

Lando 1 t - Ror n s i e i n  , P hy s i k a l  i s c h - C hemi s c h-?-T a b e l.l-iirn, J . S p r  inge r , 
Ber l in ,  1928-1935, Vol. I, p. 200 e t  seq.  

Gmelins Handbucli der Anorganischen Chemie, Caesiixn No. -_ 2 h  Verlag 
Chemie, Ber? i n ,  1938. 

U .  S .  Department or Commerce, National. Bureo.u of  Standards, Maximiim 
Permissible Body Burdens and Maximum Permissible C0ncentra.t ions of 
1.-. Radionuclides in-ALT and i n  Water f o r  OccupaLional Exposure, 
H a n x m e  5 ,------- 
R .  Wcast, S .  Selby, and C .  Hodgman, Handbook OP Chemistry and Physics, 
45th cd., Chemical Rubber Company, Cleveland, Ohio, 1-964. 

K. K. Kel I.ey, Coniyibutions t o  t h ~  Data on Theoretical MeLallurqy, 
XIII. Higli-Temperature Heat Contents, Heat Capacity, and Entropy 
Data f o r  t he  Elcnients and Inorganic Compounds, U. S .  B=ur?&.._of Mines 
Bulletin -, 584 U.  S .  Government P r in t ing  Officz,  Washington, I). C . ,  
1960. 

W .  Latimer, Oxidation P o t e a t i a l s ,  2nd ed . ,  Prentice-Hall ,  Englcwood 
C l i f f s ,  New Jersey, 1952. 

P.  S .  Baker and A .  I?. Rupp, S c c .  V, Source Development, i n  Isotopes 
ana Radiation Technologx I: 84-8 (1Sj6j-C). 

H .  E. Simnpson, Rubidium i n  Lime and Borate G l a s s e s ,  The Glass Industry 
42: 189-93 (1961). 

- Selected - ..I__..I- ~ Values of Chemical _---I Therniodynarnic Propei;tjes, U. S .  Bureau of 
Standards Circulac 500, Washjagton, 1). C. ?F5x 
ThPrmophysical Propert ies  Research Cenier, Metal l ic  Elements and Their 
Alloys, Purdue University, Lafayettc,  Indiana, 1964, Vol. 3. 

5 .  R .  Hague e t  al., ( e d s . ) ,  Liefractory Ceramics Por Aerospace, - The 
American Ceramic Society, Columbus, Ohi-o, l?hl!  . 



27 

ORNL-4186 
UC-4 - Chemistry 

1. Biology Library 
2-4. Central Research Library 
5-6. ORNL - Y - l 2  Technical Library 

Document Reference Section 
7-41. Laboratory Records Department 

42. Laboratory Records, ORNL R.C. 
43. R. G. Affel 
4 4 .  P. S. Baker 
45. Russell Baldock 
46. E. E. Beauchamp 
47. J. E. Bigelow 
48. D. S. Billington 
49. F. T. Binford 
50. T. A. Butler 
51. F. N. Case 
152. J. W. Cleland 
53. W. Davis, Jr. 
54. J. R. DiStefano 
55. J. 13. Gil le t te  
56. K. W. Haff 
57. R. W. Hodon 
!%- El. 3. Hupf 
59. W. H. Jordn;n 

60. E. E. Ketchen 
61. E. Lamb 
62. C. E. Lairson 
63. H. G. MacPherson 
64. H. A. Mah.l_man 
65. R. E. McHenry 
66. J. R. McWherter 
67. K. G. Niemeyer 
68. C .  L. Ottinger 
69. J. K. Poggenburg 

70-89. S. J. Rimshaw 
90. R. A. Robinson 
91. P. S .  Rudolph 
92. A. F. Rupp 
93. R. W. Schsich 
94. M. J. Skinner 
95. D. A. Sundberg 
96. D. B. Trauger 
97. A. M. Weinberg 
98. R.  C. Weir 
99. J. C. White 

100. J. P. Witherspoon 

EXTERNAL DISTRIBUTION 

101. Director, Division of Space Nuclear Systems, AEC, Washington, D.CI 
102. Director, Division of Reactor Development and Technology, 

Washington, D.C. 
10-3-105. Director, Division of Isotopes Development, AEC, Washington, D.C. 

106. Director, Division of Production, AEC, Washington, D.C.  
10'7. Assistant Director, Space Electr ic  Power Office, SHS-AEC, 

108. Chief, Isotope Power Systems Branch, SEPO-SNS-AEC, Washingrton, D.C. 
109. Chief, Advanced Engine Branch, SNS-AEC, Washington, D.C. 
110. Chief", Space Isotopes and Mater ids  Branch, SEPO-SMS-AEC, 

111. Chief, Isotopic Auxiliary Power Branch, DRD and T-AEC, 

112. A s s i s t a r i t  Director, Nuclear Safety Office, DRD and T-AEC, 

1-13. J. A. Swartout, Union Carbide Corporation, New York 
114. Laboratory and University DivLsion, AEC, OR0 

Washington, D. C . 

Washington, D. C . 
Washington, D. C . 
Washington, D.C. 

- 11:)-365. Given dis t r ibut ion as shown i n  TID-4500 under Chemistry category 
(25 copies - CFSTI) 


