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be RadiochemFcal pur i ty  
Tiecause of their. long h a l f - l i v e s ,  t h e  !,m 'I 

( ~ ~ 1 "  = 8000 y) , '""~m ( T ] , ~  - 6600 y), aiid 24"~m 
( T ~ L / ~  -- 8000 y) impurities act as i n e r t  di1uents  
and contribute <0.1.$ of the t o t a l  source power. 

The radiatior;s from t hese  j3npurif;ies a r e  weak 
gammas o r  a lpha p a r t i c l e s  and can be neglected. 
because they are readily sh ie lded .  The prompt 
g m a s  arid nmitrons from t h e  spontaneous f i s s io r i  
w i l l .  be only a few perem?, of t h a t  obtained from 
spontaneous fissS on OP 244~:m. 
Since t h e  '"*Cm deca;js t o  340R1, the plutoni.u'a corrterk 
in a 100% 2 4 " ~ r n  sample w i l l  s lowly bu!~.d 71.p a f t e r  
the € i n a l  p u r i f i c a t i o n  5tt.p as shown in the fol lowing 
table. 

Time, months - a4c-),pl , $1 
0 0 

r(.2 ;J'3 
1.8 S.6 
56 10.8 

3 3 23.2 
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1. Composition 

CuliIUM DATA SHEETS 

REFERENCE COLUMN 

IIAU-LJFE : 1.8. L y 1 

a.  Radi onuc l i d i c  abunclarice 

Element Minimum, 9 Maximum, $ 
Cm 99- 5 33.8 
h 0.5 0.2 

An average 244Cm product w i l l  liave the  
followj-ng anal,;ysi s : 
I so tope  '$ Abundance 

2 * 4 ~ m  55.5 
24SCrn 1.6 
24 %n 2 . '( 
2 4Zk,, 0.2 

b. Radiochemical purrity 

~ e c a u s e  oc tkieir long h a l f - l i v e s ,  t h e  2 4 5 ~ m  

(Tl /z  = 8000 y )  impiir i t ies  a c t  a s  i n e r t  d i l .uents  
and con t r ibu te  <0.1$ of -the t o t a l .  source power. 

The r a d i a t i o n s  f r G I n  these  impuritries a re  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 proinpt 
gamrnas arid neutrons from t h e  spn taneous  f i s s i o n  
w i l l  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 4 ~ .  

S h c e  the  244~m decays t o  E 4 0 ~ 1 ,  the  p lu to r i im  
content i n  the  sample w i l l  s lowly b u i l d  up a r t e r  
t h e  frinal p u r i f i c a t i o n  step a s  shown i n  the f o l -  
lowing t a b l e  - 
Ti.me, months 2401'u, '$ 

(T1/2 = 8000 y ) ,  246Cm ( T l , z  = 6600 y ) ,  and 24Sh, 

0 0 

7.2 2 -7 

18 6.4 
36 1.2 .s 
50 2'7.8 

2 



2. Specif i  c Power- 

a .  7.67 watts /g  of metal  (95.54 244~m con ten t )  

Lk i s  assumed t h a t  t h e r e  a re  81 cu r i e s /g  of 
244Cn? and t h a t  t he re  a r e  34.3 wat ts /ki loci i r ie  

77.4 c u r i e s  of 244Cn1 per cram nf metal 
of  2 4 4 c m .  

b. 

3 .  Radiati. 

a .  Alpha par t ic?-es  

2, 3 ,  4 

39 5 

Max E, Avg E, Abundance, 
Me v 4 w/kilocurie P a r t i c l e s  w-' s e c - l  

_.__.______ 
Nuclide Mev 
~ . - .  

244c~m 5.801- 5.801 76.7 34.3 0.825 x io12 
0.252 x 1.0~~ 5.759 5.759 23 *Is _....- 

ToLal alpha power 34.3 

Thc volume of heliwn from a lpha  decay as a 
func t ion  of decay time i s  g-iven i n  the  follow- 
ing t a b l e .  

Vol.urne of Helium as a Function of  Decay Time 

T i h e  
Years ... Half -live; 

em3 of He per g of 2!"4-Cm -... . . . 
--. ( s t anda rd  c o n d i t i o n s 1  

6.15 
1.1.8 

17.3 
22.1 

26.9 
31.2 

35 *3 
39.1 
42.6 
45.9 

59.3 
68.9 
80.3 
86.1 
88.9 
91.7 

1.8 
3.6 

5 -4 
7.2 

9.1 
10.9 
12.7 

16.3 
18.1 

2 i . l  

36.2 

54.3 
72.4 

90.5 
181.. 0 

1.4. 5 

0.1 

0.2 

0.3 
0.4 
0.5 

0.6 

0. I 

0.8 

0.9 
1.0 

1- 5 
2.0 

3.0 
4.0 

5 -0 
10.0 



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

c.  Garma 

The garmas come from t h r e e  sources .  F i r s t  t h e r e  
a re  t h e  garmrlas assocj-ated with the alpha decay 
of 244Crr1. SeeondJQ, t h e r e  a re  the  prompt gammas 
from spontaneous f i s s i o n .  The f i s s ion -p roduc t  
garmas c o n s t i t u t e  t h e  third g a m a  source.  The 
gamma-emission ra tes  are given i n  t h c  fol lowing 
t a b l e .  2, 3,  5 

Gamma-emission r a t e ,  ;Photon ener;gy, 
pkiotons see-1 w-1 of '44~m Mev - 

2 4 4 ~ n  gammas 
0.252 x 0.042 
5.80 x lo-[ 0.10 
1.40 lo7 0.15 

Prompt garrunas from spontaneous f i s s i o n  

4.yc x lo6 1- . 0 
1.084 x -1-0" 1.5 
1.15 x IO 
2.03 x I O 5  3.0 
2.71 x lo5 5 .o 

3.34 x 10" 0.63 
1.42 x 10" 1.1 
1.66 x LO" 1.5; 
3.20 x ios 2.33 
4.73 x los 2. '(5 

2.3 6; 

F i s s i o n  -pro duct ganmias 

d.  Bremsstrahlung - none 

e .  Neutrons 

11 .19 x 10" neutrons sec - l  w-l of 244~m 
f rorri spontaneous i'i s s i o n  

(Half-l-iye f o r  spontaneous f i s s i o n  i s  
1.11 107 y >  

1.51 x 10" neutrons see-'- w-l of 2"4~m 
f r o m  ( a , n )  r e a c t i o n  on oxygen 
i n  C ~ 0 3  

5, 6, 7 

5 
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C U R I U M - 2 ’ h  PETAL 
HEFEmNCE COLUMN 

The energy d j s t r i b u t i o n  of spontaneous fission 2 
neutrons from 244Ci1i i s  given i n  the  following 
t a b l e .  

Spontaneous F i s s i o n  Neutrons From Curi im-?44 

En F) r gy , Abundance, 
Me v neutrons s e c - l  w - l  of  2 4 4 ~ m  

0.3-0.4 
0.4-0.6 
0.6-0.8 
0.8-1.0 
I-. 0-1.. 2 
1.2-1. 
1.4-1.6 
1.6-1.8 
1.8-2.0 

2.0-2.2 
2.2-2.4 
2.4-2.6 
2.6-2.8 
2.8-3.0 
3 -0-3.2 
3.2-3.4 
3.4-3.6 
3.6-3.8 
3.8-4.0 
4.04.4 
It . Jc -4 .8 
4.8-5.2 
5.2-5.6 
5.6-6.0 
6.0-6.4 
6.h-6.8 
6.8-7.2 
7.2-7.6 
7.6-8.0 
8.0-8.8 
8.8-9.6 
9.6 -1.0.4 
10. 4-1.1..2 
11.2-1.2.8 

1.51 105 
3.1.3 1.05 
3.20 105 
2.77 105 

2.8’1 i o 5  
2.80 105 
2.44 105 
2.19 105 
1.9 x 10” 

1.80 105 
1_.65 x 1.0” 
1.58 x 10” 
1.30 x la5 
1.08 i o 5  

0.97 105 

0:75 x 10” 

I-. 01 x 1.0” 

0.93 x 1.0” 

0.79 x 1.0” 
1 .04  x LO5 
0.86 10” 
0.65 x i o 5  
0.50 105 
0.40 105 

2.12 lo4  
i . 4 ~  104 
1.1.2 x 1~0“ 
0.90 104 

1.01 1.04 
2.95 1.03 
3 .1  103 
2.05 x 10” 
1.40 103 

2.95 x 10“ 
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CURIUM-244 METAL 

WFEXENCE COLUMN 

2 The energy d i s t r i b u t i o n  of n.eutrons occurring a.s 
a r e s u l t  of the  c o l l i s i o n  of' f a s t  a lpha p a r t i c l e s  
from 244Cm decay with oxygen a t o m  i n  Cm203 i.s 
given i n  the  followFng tab1.e. 

Meukrons From ( a , n )  Reactions With Oxygen 
~~~~~~ 

Energy, Abundance, 
Me v 

0.2 1.62 x 

neutrons sec-' p7-I  of Z44.cm 

O . k  0.68 l o 3  
0.6 0.83 10" 
0.8 1.69 x 1.0" 
1.. 0 2 . p  103 

1 .2  0.43 .x 10" 
I .l+ 0.61 l o4  
1.6 0.83 x 1-0" 
1.8 1.01 10" 
2.0 1.. 1.9 1.0" 

2.2 1.33 x lo4 
2.4 1.40 1-04 
2 -6 L ~ C O  104 

3.0 I .22 x 10" 

3.2 1.01 io4 

3.6 0.50 x 10" 
3.8 3.02 x lo3  
4 .0  2.01. io3 

4.4 0.86 103 
4.6 0.72 x 10' 

2.8 1.37 x 1.0" 

3.4 0.79 x l.04 

4.2 1.37 x 1.03 

3 The c r i t i c a l  mass o f  unref lected and r e f l ec t ed  
spheres of 244Cm and 244Cm203 have been caI.cu1ater-i 
by C .  W .  Craven, Jr., a t  0lQTL using the  c ross -  
sec t ion  da ta  ava i lab le  as of Noveinbcr lcj65. 
r e s u l t s ,  shown i n  the  following tab le ,  agree within 
lo$ of the  r e s u l t s  obtained i n  the repLacement 
experiment a t  Los Alamos. 

Tint> 
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CURIUM-244- MXTAL 

Calculated C r i t i c a l  Mass of 244Cm and 244Cm203 

Core Re'lect o r C r i t i c a l  
Density, Thickness C r  i t , i c a l  radius,  

cm mass , kg cm 
-..I....-_II- _.I 

Mixture 
_..II 

Mixtui-e g/cm" -. 

12.5 5 - 97 Cma 14.0 Bare -- 
c ~ , o ~ ~  10.60 3are -c 21.1 7.8051 
CmzO3 9-01 Bare -- 29.2 9.1803 
c r f l ~ o ~  10.00 Au-HzO .0-15.0 11.9 6.4540 
cmo3 10.60 A U - I I ~ O  2.0- ( .>  13.5 6.7188 
CmZO? 10.60 A u - H ~ O  0.5 -? s 0 16.5 7.1$6 

C r i t i c a l  Mass Equations- 

Cm: M, = 2450/p2 (kg )  Cm203: Mc = 2370/p2 (kg )  

Assurned composition: 98.07 Wt $ 244C1~i and 1.93 wt $ 241Pu. a 

5 .  Compatibility With Materials o f  Coniainment 

6. ThermoJhys i c  a1  . _. . .--- Propert ies  

a .  Density 

13.51 g/cm3 of me-t;al 

b. Coeff'i.cient of thermal exparision 
-6 0 a, = 7.5 x 10 / c 

ac = 6.2 x Io-"/"C 

c .  Specif ic  heat and enthalpy 

(1) SpeciCiic heat 

0.0270 c a l  g- l  "c-' 

(2) Entimlpy i n  ca.lories/jmole 

Ht - Ho = 6.48 + 3.53 x 1.0m3 t2 

+ 1.1~9 x io--" t3 

( N d  temperature i s  0-400"C and 
t i s  i n  " c )  

d. Temperatures of phase transformations 

(1) Melting point  - 1340°C 

(2 )  Boil-ing point  - 3100"~ 

boi 1 i ng points ) 
(Average of terbium and gadolinium 

9 

10 (Ani) 

11 (Nd) 

12 (Nd) 

9 
1-3 
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e .  Latent hea t s  of phase t ransformat ions  

NI fus ion  3'(. 5 kcal/mole (Richard ' s  rule) 11 

AH vaporiza. t ion '77.0 kcal/mole ( T I . O U ~ ~ I I  ' S  n1l.e) 1.S. 

f. Vapor pressure  

~ o g , . ~  E = 8.4 - ~B,)+oo/T 
(Ti i s  i n  "K and P i s  i n  t o r r )  

T h i s  i s  an average of neodymium, gadol.inium, 
and terbiuni. 

14 

g . Thermal conduc-tivi.ty 

a t  2 6 " ~  -1 n c - l  0.021 c a l  em-' sec  

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

0.575 cm'/sec a t  26"~ 
This  value was ca l cu la t ed  by d.i.viding the 
product of' t he  s p e c i f i c  heat  and density i n t o  
t h e  thermal- coiiduc t ivi-ty . 

i. Viscosity 

2.5 c e n t i p o i s e s  a t  13lCo"c 

j .  Surface  t e n s i o n  

500 dyn/cm 

k. T o t a l  hemispherical  emittnrLce 

0.37 at 89°C 

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

0- 55 
A higher  value of 0.9 can be assuned i f  t h e  
metal  su-rface i s  oxidized o r  i f  impurI t ies  
are p resen t .  

rn. Crystal lography 

doub1.e hexagonal c l o s e  packed 

a = 3.4% * 0.003 i 
0 

c = i.i.331 * 0.005 A 

15 (Gd) 

18 (Pu) 

-19 ( E T )  

9 

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

Reacts strong1.y w i t h  water  20 

o .  UiTfusion rates 
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7. Mechanical. P rope r t i e s  

a.  Hardness 

Vicke r ' s  -. 97.7 

b .  Crush s t r e n g t h  

7741 kg/cm2 

8.  Chemical P r o p e r t i e s  

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

(1) IEeat of foymation 

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

( 2 )  Free energy of formation 

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

( 3 )  gntropy ( temperature)  

s&, - 15 ea]. "c-' m01.e"~ 

b .  Chemical r e a c t i o n s  and reacti-on r a t e s  
(oxygen, ni t rogen,  water,  s t e m ,  hydrogen, 
l i q u i d  me'ials, o t h e r )  

(1) 

( 2 )  

( 4 )  

('C) 

( 5 )  
( 6 )  
(7) 

Oxygen a t  room temperature - SLOW 

Oxygen a t  e l eva ted  temperature ..- fas t  

Nitrogen a t  room telilperature - vei-y s l o w  

Nitrogen a t  e3.eval;ed temperature -- SI-ow 

Water a'c room temperatiire - fast 

Hydrogen a t  room temperature - slow 
Hydrogen at elevated. temperature - fast  

9. Riol.ogical Tol-erances 

Maximum permissi-ble body burdens and maximum 
permissible  concentrat ions of  244Cm i n  a i r  and 
water a r e  shown i n  the  t a b l e  on 'ihe following 
page. 

10. S h i e l d h g  II-_̂- Data 

13 b y )  

13 (Tm) 

21 (Am) 

9 
9 

22 

22 

20 

20 

20 

Gamma dose r a t e s  w i t h  water,  i ron ,  lead,  and uranium 
s h i e l d i n g  are given i n  F igs .  1 - 5  f o r  Cm power 
sources of 100, 200, 500, 1.000, 2000, 5000, 10,000, and 
20,000 watts. Neu-tjron d.ose r a t e s  wi-kh water s h i e l d i n g  
a r e  gi.-ven i n  Fig.  6 .  
Be, CH, CHz,, o r  LiH can be est imated by using P i g .  6 i n  
conjunction w i t h  F ig .  7. 

2 4 4. 

Neutron dose r a t e s  on s h i e l d i n g  w i t h  
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ORNL-DWG 63-8315 
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Fig. 1. Gamma Dose R a t e s  f r o m  Unsh ie lded  Isotopic Power Sources 
of Curium-244 a s  a Function of Distance from Cen-ter of Source. 
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ORNL DWF 63-8485 
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Fig. 4. Garma. Dose R a t e s  from Lead-Shielded Iso-Lopic Power Sources 
of ~urtum-244.  Center of source to dose point sepa.rat ion distance ::: 100 cm. 
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Fig .  5. Gamma Dose R a t e s  from Uranium-Shielded Isotopic Power 
Sources of Curium-244. Center of source to dose poj.nt separation 
distance : 100 em. 



ORNL-DWG 63-84. 1 o4 

PENETRATION DEPTH (9/.m2) 

Fig. 6. M e u t r ~ ~ ~  Dose R a t e s  from Water-ShielAed I so top ic  Power 
Sources of Curiwn-2’t4 a a  a Funct ion of I’enetratiori Depth of Shielding 
Mztevial. Center O€ source t o  dose po in t  s e p a r a t i o n  distance = 1-00 CIil. 
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SHIELD DENSITY 

P EN ET R A T  I 0 N DE P I  H ( g /cm2 ) 

Fig .  7. Fas t  Neutron Dose Raie (Mul t jp l ied  by 4rrr2) i n  Various 
Mater ia l s  a s  a Function of Pene t r a t ion  Depth L”rorn a Unit Poin t  Isotropic 
Fission Source. 
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8 .  CURIUM SESQUIOXIEE ( C m ~ 0 3 )  

1. 

2 .  

3 .  

4. 

5 -  

6 .  

Compos it ion  

a. F.adionuclidic abundance 

See Sec t ion  I . A . 1 .  

b. Radiochemical. p u r i t y  

See Sec t ion  14.1. 

Specific Power 

a. 2.53 watts /g  of pure C W O ~  (91..0$ 2 4 4 ~ m  me ta l )  
2 . b  watts /g  of Cm20, ( 8 6 . 9  Cm meta l )  

It i s  asswned that t h e r e  a re  82- curies/g 
of 244Crn m e t a l  and 34.3 wa t t s /k i locu r i e  of 
2 4 4 ~ r ~ .  

b. 73.'( c u r i e s  o€ '*'Cm per  gram of pure h ~ O 3  

'(0.5 c u r i e s  of 244~m per  gram of Cni203 
(91.0% 2 * 4 ~ m  metal.) 

(86.% Cm metal-) 

Radiat ion 

The rad iab ion  is given under Sec t ton  I . A . 3 .  

C r i t i ca l .  Mass 

See Sec t ion  1.a.4. 

Cornphtibility With Mate r i a l s  of ConCainmeiit 

See USAEC Rpt . O R N L - ~ I - ~ ~ ,  Comja t ib i l i t y  D a t a  
Sliee-ts for Ceriim-144, C e s s - 1 3 ' [ ,  Curium. _c_ and 
Strontium-90 ( c l a s s i f i e d ) .  

Thei-mophys i cal Proper t i e  s 

2, 3 ,  I+ 

a .  Density 

C-type (bee) - 1-0.79 g/crn3 a t  room temperature 

A-type (hex) - 11.4 ,/em3 at l 6 l c O 0 C  

A- type  (hex) - 11.0 E?;/cm- at L91-0°C 

27 (ca1.c) 
28 
29 

27 ( e a l e )  
27 ( c a l c )  

B-type (monoclinic) - 11.67 g/crn3 a t  room temperature 

A-type (hex) - iL.1 g/crn3 ,2 a t  l c ( ~ O o C  



c m ~ m  SESQXCOXIDE ( cni203)  ....- 

b .  'Thei-mal expansion 

R-type (monoclinic) CmzO3 

0.6q0 over 25-68o"c 
0.855 over 25-940"C 
l . j + $  over 25-1400"~ 

c .  SpeciYic heat and enthalpy 

(I) Spec i f i c  heat  i n  tal- g - l  O C - '  

3.7 x t 2.91 x T ( O K )  

Enthalpy j n c a l o r ?  es/molle (2) 

d .  Temperatures of phase t ransformations 

(1) Meltling point  

KZFEmNCE COLUMN -__. 

30 

C-type C w O 3  (bcc )  transforms t o  A - i ) p t :  

C-type C w 0 3  (bcc) transforms i r r e v e r s i b l y  

2-1 
Cm303 (hex) by se 1 f - r a d i a t i  on dairisge a t  
~ o o m  temperature i n  a few weeks. 

to A-type Cm2O3 (monoclinj c )  beiween 800- 
l3OO"C depending on degree of c r y s t a l l i n i t y  
of  cubic form. 

27 

 type Cmz03 (monoc1i.nic) transforms 
r e v e r s i b l y  t o  A-type CrQO:3 (hex) a t  
1600~ c . 

27 

A-type C q O 3  (hex) me1 t s  a t  1.950"C. 27, 32 
(2)  Boiling poi-nt - 3130°C 31- I A m 2 0 3 )  

( 5 )  Decomposition temperatures t o  lower 
oxides ai; oxygen pressures  a s  c i t e d :  

e .  Latent hea t s  of phase t ransformattons 

AI1 fu s ion  17 kcal/molc 

AH vapor i za t ion  114 8 kcaL/mole 

26 



CTIRIUM SESQUIOXIDE ( C m F 7 0 d  
REFERENCE COLUMN 

f. Vapor pressure  34 
Temperature, vapor iza t ion  r a t e ,  p ressure  of Crn2O3, -E 

Experimental  Calculated vapor 

"C  g em-2 seeaJ- a t m  

0.71 x io-" 
0.15 x 10-5 
0.23 x 10-5 
0.30 x io-" 
0.60 X lo-" 
0.63 io-" 
0.14 LO-" 
0.13 x 
0.18 10-4 

0.30 10-7 
0.62 x lo--( 

0.13 x lo-" 
0.26  IO-^ 
0.28 IL 10"" 
0.64 x LO-" 
0.57 x io-'" 
0.82 x 

0.97 x loe7 

*vapor pressure  ca l cu la t ed  assuming vapor i za t ion  
r e a c t i o n  CmzO3( s )  = Cm203( g) . Actual  vapor i za t ion  
spec ie s  i s  unknown. Vapor pressures  ca l cu la t ed  
f o r  o t h e r  poss ib le  vapor iza t ion  r e a c t i o n s  of Cm;lO3 
a r e  higher  by f a c t o r s  uo t o  1.87. 

g. Thermal conduct iv i ty  

e a 1  e m - 1  see-1  " C - 1  Temperature, "C 

0.0245 100 35 (ThO2) 
0.0204 200 

0.01.43 400 
O . O J . O ~  600 

O.OoF1L 800 

0.0073 1000 

0.0060 1200 

0.0059 1400 

h. Thermal d i f fus i ' v i ty  

cm2/sec Temperature, "C 

0.0478 1.00 

0.0.111 800 
0.00645 1-400 

Calculated by ciivi-ding the product of t he  
s E c i P i c  heat and room temperatiire d e n s i t y  
i n t o  the  thermal  conduct iv i ty .  

t. Viscos i ty  
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CURIUM ... SESQJIOXIDE ( Cr+O& 

j. 

k. 

1. 

m. 

n. 

Surface tenstoin 

Tot a1 hemi spheric  a 1  emit t a.nce 

Spectra  1. emi s s i.vi t y 

0.20 t o  0.57 

The prec ise  value i s  a func t ion  of t he  rough- 
ness  of t h e  m a t e r i a l  surface,  ihe  presence of 
impur i i ies ,  and h e  e f f c c t s  of r a d i a t i o n .  

Crys t allogl-aphy 

Body-centered cubic, C-type r a re -ea r th  oxide 
strucLure produced by rzduci.ng CmG2 i n  1-8 02- 
95$ He a t  7 8 0 " ~ .  

0 

a = 10.9'7 t 0.01 A a t  room temperature 

Monoclinic, B-type r a re -ea r th  oxide s t r u c t u r e  
obtained by i r r e v e r s i b l e  " iansl 'ormtion from 
C-Ly-pe on heat-jliig be.tween 8 0 0 - 1 3 0 0 ~ ~ .  

a -:- 14.27 aL room temperature 

b = 3.65 A a t  room temperature 

c = 8.92 a.t  room temperature 

= 100~1.6 a t  room temperature 

0 

A-type Cmz03 (formed on W f i lament  i n  4% 
&/He ) . 

a = 3.84> +_ 0.005 a t  1650"~ 
c = 6.092 i 0.005 A a t  1650"~ 

0 

1%-type C r 2 0 3  (i"orined on J r  fi lament i n  :{e) . 
a - 3.863 LO.001 i ai 1750°C 

c - 6.174 t 0.001 A a t  1750°C 

a L 3.888 * 0.001 i a t  1910°c 

0 

0 

c = 6.195 + 0.002 A at  igiooc 

c = 6.022 a t  20°C a f t e r  quench from 
l_750°C (only  OO? peak observed) 

Sol u b i l i i i e s  

1nsol.uble in water 

2 ' I  

27 

36 

36 

0 .  Diffusion r a t e s  

20 



2 1. 

7. Mechanical P r o p e r t i e s  

a . 
b. Crush s t r e n g t h  

Ha,r dne s s 

1.900 i&m2 

8. Chemical P r o p e r t i e s  

a. Heat and f r e e  energy of formati.on, entropy 

(1) Heat of fornatj-on ( c s  tirriated from data. 
on o t h e r  a .c t in ide  oxides)  

Phase f -AI$" (298'C) kcal/mole 

CrnOz .oo 234 t- 8 

(oflo1.72) 218 2 10 

CrnO 1.35 2 10 
Free energy of formation of CmO,.,o 

mDf = -226 lical/mole 

B b O l .  5 0 )  207 2 1-5 

( 2 )  

( 3 )  Entropy 

S.&,S = 26 r f :  4 eu 

b. Clierriical reactl.ons and r e a c t i o n  ra tes  
(oxyzen, nitrogen, water, s team,  hydrogen 
l i q u i d  metals, ot11er) 

(1) 

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

( 4 )  
( 5 )  

Oxygen at room temperatwe - sl-ow 

Oxygen a t  elevated temperaturae - r a s t  

~a- i ;e r  - possible kljirlration reaction 

Inorganic  ac ids  - sol-uble i n  ac:ids 

9. Hi o l o g i c a l  Tolerances 

Maxirriurri permiss i1il.e body burdens ant1 rnax:irnurn 
permissib1e concentrat ions of 244~m i n  air and 
i n  water. a r e  given under Section 1 .A .g .  

38 

c a l c  

33 

2@ 

23 

The dose rates are given under Sec t ion  1.A.l.O. 
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c . CURIUM OXYSUTLFIDE ( C ~ W O ~ S  ) 

1. 

2. 

3 -  

J-t . 

5. 

6.  

Cornposit ion 

a .  Radionuclidic abundance 

See Sec t ion  I . A . I .  

b .  Radiochemical puriby 

See Sec t ion  I . A . I .  

REFEIiENCE COLUMN 

S p e c i f i c  Power. 

a.  2.46 watts/g of pure Cm;?O$ (88.4% 214Cm metal)  
2.35 watts /g  of Cm2O;lS (84.4% 244Cm metal)  

It i s  assiimed t h a t  t h e r e  are 81 curies/g of 
244Cm and 34.3 wa t t s /k i locu r i e  of 244Cm. 

b. 71.6 c u r i e s  o f  244Cr~  per  gram of pure h 2 0 2 S  

68.4 c u r i c s  of 2 4 4 ~ n i  per gram of C ~ O , S  
(88.4% 2 2 4 4 ~ r n  me ial) 

(84 *4% 2 4 4 ~ m  me t a l )  

Radiation 

'l'he r a d i a t i o n  i s  given under Sec t ion  I . A . 3 .  

C r i t i c a l  Mass 

See Sec t ion  1 . ~ ~ 4 .  

C ompa t ihi IHtX With -Ms: e 1- i a 1-s o i' Con t a imp& 

Thermophysical P rope r t i e s  

a .  Density 

9- 95 &m3 

b. Coeff ic ient  of thermal expansj-on 

0.605 over 25-680'~: 
0.85% over 25-940"C 
1.4$ over 2>-1300°C 

c .  S p e c i f i c  heat  and enthalpy 

(1) Speciyic  heat  in  c a l  ~ 5 - l  O C - '  

3.62 x + p.83 x low5 T (OK) 

( 2 )  Enthalpy i n  c a l o r i e s  

2, 3,  '-1 
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CURIUM OXYSULFIDE (Cmz02S) 
REFERENCE COLUMN 

d.  

e .  

f. 

B. 

h. 

i. 

j. 

k. 

1. 

m. 

'Tempcrature s of phase t ransformations 

(1.) Melting point - 2000°C 
( 2 )  Boi l ing  point  - j l 3 0 " ~  

Latent  h e a t s  o r  phase transfor*mati.ons 

/W fus ion  17 kcal/mole 

AH vapor i za t ion  8;  kcal/mole 

Vapor pressure 

Therma 1 conduc t iv i ty  

cal CM-' sec-' "c-' Temperature, " ( 2  

0.0245 1.00 

0.008-L 800 

0.00;9 llt00 

Therma 1. d i f  finsi.vi.l;;y 

cm~/sec! Temperatuy-e, * C 

0.0528 100 

0.01.16 800 

0. oo37o8 1.400 

Cal-culated by d iv id ing  t h e  prod .u .c t  of' thr 
spec ri. f j. c he a.-t and rooin t impe r a t  ure dens j. t y 
i n t o  the thermal cond.uctivity. 

Vis cos i t y  

Surface t e n s i o n  

S pe c: t; r'a l. e m i  s s iv i. t y 

0.20 t o  0.57 
The emissivi.ty value depends on the roqyh- 
ness of tile m a t e r i a l  su r f ace ,  r a d i a t i o n  
e f f e c t s ,  and the  presence oi' imp in r i t i e s .  

Crystal lography 

hexagonal 

a = 4.O& A 

c 7 6.769 A 

The c e l l  cons t an t s  should be slightly smaller  
f o r  CmzO$3 due t o  the a c t i n i d e  con t r ac t ion .  

0 

0 

35 (Tl.102) 
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CURIUM o x y s u u i m  ( C m ~ O &  

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

(1) 

(2) 

Soluble i n  s t rong  a c i d s  (Ce202S) 

Insoluble  i n  a c e t i c  ac id  (Ce202S) 

0. Diffusion r a t e s  

I. Mechazical Proper*ties 

a .  Ha.i-dne s s 

b. Crush s t r e n g t h  

8. Chemical- P rope r t i e s  

a.  Heat, and f r e e  energy of foriiiati.on, entropy 

( I )  IIeai of formation 

AHof = -450 kcal/mole 

(approximated by Cc202S) 

(2) Free energy or formation 

AFof = -414 kcal/rnole 

( c a l c u l a t e d  by AFof = AHof - TASo,) 

~ 2 9 8  - 34.3 eu 

( c a l c u l a t e d  by W .  Lat imer 's  method) 

( 3 )  E n t r o w  

b. Chemical r e a c t i o n s  and Yeaciion r a t e s  
(oxygen, ni t rogen,  water, steam, hydrogen, 
l i q u i d  metals, ot'nt.1.) 

( 1 )  

( 2 )  

( 3 )  

(4) 

A i r  a t  room temperaiuye - slow 
A i r  a t  e l eva ted  tuinperatiii-e - f a s t  

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

Inorgaiiic ac ids  a t  room temperature - r e a c t s  

FBFERENCE COLIJMN 

j - t l  

41 

k0 

42 

39 

9. Biol.ogjcal 'Tolerances 

Maximum permissible body burdcns a n d  maximum pri l i iss i -  23 
b l e  concentrat ions of 244Crn i n  a i r  and i n  water a r e  
given i n  the 244Cm Metal Source Form, Sect ion l.A.9. 

10. - Shielding Data 

The dose r a t e s  a r e  given under t h e  244Cm Metal 
Source Form, Sect ion I.A.lO. 



D . CURIUM FLUORIDE ( CmF3) 

1. Composition 

a. RadFonucl.idic abundance 

See Section I . A . I .  

b. Radiochemical p u r i t y  

See Section I . A . L .  

2 .  Speci-Cic Power 

a. 2.25 watts/g OF pure c m ~ 3  (8~.1$ 244~m metal) 
2.1.5 watts/g of Crrz3 (77.5% 244~m metal) 

It -is assumed. t h a t  there a re  81. eiuries/g of 
244 ~ r n  ani1 3 1 ~ .  5 watts/k.i.l.ocur.ie of 244~m. 

65.7 cu r i e s  of 244Cm per gran of pure CmF3 

62.7 curies of 2 4 4 ~ m  per gram of ~mi"s 

b .  
(81.1% 244~m metal.) 

(77.5% 244~m metal.) 

3 .  Radiation 

The r ad ia t ion  i.s given under Section I . A . 3 .  

4. C r i t i c a l  M ~ S S  

See Section I . A . ~ + .  

5. Compatibility With Materials of Containment 

6 .  Thennophysical. Propert ies  

a. Density 
9.80 g/cn1 3 

b.  Coefi'ici.ent of thernial expansion 

a = IP.'()+ x l o v 6  + 2.62 x I-O-." t 
+ 0.1.5 x io-1* t2 

( t  i s  i n  "C with a temperature range of 26-236'C) 

c.  Spec i f i c  heat and enthalpy 

(1) Specific lieat in ea1 g-' "c-' 
7.21 x io+' + 2.06 x i.o+ T (OK) 

2 ,  3, 4 
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CURIUM FIJJORIDE ( C d 3 )  

( 2 )  Enthalpy i n  c a l o r i e s  

I I , ,  - Hzg8 = 21 T +- 3.5 x lo-" 'T2 
(est imated f'rorn o the r  a c t i n i d e  da t a )  

6. Tem>eratures of' phase transi'orrrlaiions 

(I) M ~ I  t i n g  point - 1'4 06" c 
( 2 )  Boiling point  - 2330°C 

This value i s  t h e  average of  t h e  boil- 
i ng  po in t s  of LaF3, Cel lZ,  and PrE'3. 

e .  Latciit hea t s  of phase t ransformations 

LG3 fus ion  9 kcal/mole 
vapor i za t ion  62 kcal/rLole 

f. Vanor pressure 
Vapor pr-s-ssure, t o r r  -_. Ternyerature _.._I_ , " _I C 

5 .or( x 1 _ 0 - ~  853 

7.18 x IOS6 943 
1.486 x I O - 4  1.033 
1.725 x 1.0~" l l l t  1 

5.820  IO-^ 12-96 

Vapor pressures  a re  for Aml73. 

i.,. Thermal conduct ivi ty  
e a 1  ~ m - y - s e c - ~  O C - ~  Tempra ture ,  -. . - -I-. . C 

0.0296 0 

0.0251 100 

FBFERENCE COLUMN 

31- 

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

c m2 / s e c  -. Temderature, _. . .. .- "C 
0 * 0399 0 

0.052 1- 100 

Calculated by dividi~ng t h e  product or tne cpecif'ic 
heat and t h e  room temperature dens i ty  i.nto t h e  
thermal. conduct ivi ty .  

45 
12 

46 

!+7 (BaFz) 

i. Viscosi ty  

j .  Surface t ens ion  



CURIUM FLUORIDE ( CmFz) 

k. T o t a l  hemispherical  emit tance 

A value of 0.9 can be assumed. 

1. S p e c t r a l  emissivri.ty 

m. Crys t all-ograpliy 

hexagonal, LaF3-type, space group ~ 6 3 / m c  
a :: 4.041. * 0.001 L c, = 7.179 -t 0.002 

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

o .  Diffusion rates 

'7 .  Mechanical P rope r t i e s  

a.  Hardness 

b. Crush skrength 

8. Chemical Propert i 'es  

a.  Heat and free enerhy of formation, entropy 

(1) Heat of formation 

AHof = -395 kcal/mole 

(es t imated  from othcr a c t i n i d e  data) 

(2)  Free energy of formation 

AFof = -375 kcal/niole 

(es t imated  from other  a c t i n i d e  d a t a )  

( 3 )  Entropy 
S,&8 = 29 eu  

(es t imated  from other a c t i n i d e  data) 

lc8 

31 

31 

b .  Chemical reac  Lions and r e a c t i o n  r a t e s  
(oxygen, ni t rogen ,  water,  steam, hydrogen, 
l i q u i d  metals ,  o t h e r )  

(1) Air a t  room temperatur.e - no r e a r t i o n  
(2)  A i r  a t  e l eva ted  temperature  - -Corms oxyf luor ide  20 

( 3 )  Nitrogen - no reaction 

(4 )  Water - i n so lub le  

( 5 )  Inorganic  ac ids  - insoLuble j n  weak inorganic  ac id  
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CURIUM FLUOKCDE (CmE‘3) 

9. Bio1op;ical Tolerances 

M a x i m m i  permi-ssible body burdens and maximur. 
pernissib1.e concenirat ions o-f 244Cm i n  a i r  and 
i n  water a r e  given under Sect-ion I.A.9. 

10. Shi - ~ ‘ I . d i n ~ ;  D a h  

The dose ratcs aye given under S p c t i o n  J.A.10. 
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11. CURIUM-242 IBETEXENCE COLUMN 

A. CURIUM-242 OXIDE CERMET 

1. Composition 

I~~LF-LLE'E: 1.63 d 1, 3, >, ' I  

a .  Radionucl idic  abundance 

The composition of t h e  produ.ct w i l l  depend rsn 
t h e  i r r a d i a t i o n  h i s t o r y  of' t h e  ""'.Am t a r g e t  as 
~ 0 1 . 3 .  as the  cool ing ti.me after removal f r o m  the  
p i l e .  The product i s  expected to  be at least  
~ C O $  242~m. 
separation is used t o  lower t he  americium con- 
tent;  of the product. 

If it is not; th is  ~iigki, an A.ITI-C~ 

The a n a l y s i s  for  a typtca.1. batch of "41Am with  
a t o t a l .  i n t e g r a t e d  neutron i iose o r  1.3 x 10". 
and w i t h  a 9 - d a y  cooling and. process5.ng period 
(with a l l  the  plutonium removed) i s  as J-'oI.lows : 

Isotope $ Abundance 

47.5 
2 42hn s..6 

7.7 
242Crfl  41.9 

243cm 0.5 
244Cm 0.8 

241.h 

243hIl 

 he decay of 242~m t o  2 3 8 ~ i i  i s  i l l u s t r a t e d  i n  
t h e  following t a b l e .  A 10-g product with 40% 
242Cm and 60$ o t h e r  a c t i n i d e s  j s  a s s w e d .  
decay i s  shown f'0-r. ~ 6 3  days. 

The 

Time, days "42Cm, 4 23Spu 
? u  

0 4 .OO 0 

0.2'1 

32 3.48 0.52 

65 3.03 0.97 
81.5 2.83 1.17 

$3 2.46 1. $4 
16 3 2.00 2 .oo 

The oxide mixture w i l l  be h~uO,? and Cm203. T h i s  
w i l l  be suspended i n  8 n e u t r a l  matrix material  
t o  cyive ?;hi? prescribed power dens i ty :  

30 v o l  :'. oxide rnixture 
70 vol % matrix ma te r i a l  

49 



CURIUM-242 OXIDE CEW,T 

b. Radiochemical purity 

The 0nl.y impo-rtant heat  c o n t r i b u t o r  Lo t h e  

j.ng tab1.e shows t h e  contributi.on of each 
i so tope  to 10 g of t h e  oxide mixture.  

Cm-source m a t e r i a l  i s  242Cm. The fo l low-  2 42 

Heat Contr ibut ion of Each i so tope  of  t h e  242Cm Product; 

FW?F,RENCE COLUMN 
I 
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Half- S p e c i f i c  $ of Heat con t r ibu t ion  
Nuclide l i f e  a c t i v i t y ,  w/, ..-- nucl.idc watts ..-. 

2 4 1 ~ 1 1  458 y 0.106 47.5 0.50 0.1 

24'2kn 152 Y 0.034 1.6 0.05 0.01 
2 4 3 h  7650 y 0.006 7.7 0.005 0.001 

2 4 3 ~ m  32 y 1.44 0. j 0.07 0.015 

2 4 4 ~ m  1.8 .I y 2 4 8  0.8 0.22 0.05 
Z3SPU 

41.9 502.8 99.8 242 -r . Cin 163 d 120.0 

89 Y 0.55 
__II____. 

The 24zCin produci; has contai-ned up t o  30 c u r i e s  of 
144Ce per 8.33 of 242Cm. Trace amounLs of 103Ru- 

R u  and. 35Zr-55Nb have been i'omd i-n t h c  feed but 106 

do not con t r ibu te  m a t e r i a l l y  t o  t h e  power or r a d i a -  
 ion of  t h e  source.  

'The above contaminations can be reduced t o  much 
l-ower levels by addikional  processing. 

2.  S p e c i f i c  Power- 

a .  42.8 watts /g  of A I I ~ O Z - C ~ Q O ~  (3>.7$ 242~m metal)  

It i s  assumed that t h e r e  a r e  3320 cur i e s /g  o€ 
242Crn and 36.1 wat ts /Bi locurie  of 24zCrn. 

b. 1186 cur ies  of' 242Cm per grarri of Jm02-Cmz03 
(35. r& 242~cm metal ) 

3. Radiation 

a. Alpha p a r t  i c  1.e s 5 

Max E ,  Avg E, Abundance, 
Nuclide Mev Mev $ -  w/kilocnrie P a r t i c l e s  w-' sec-' 

242cm 6.11 6.11 73.7 36.1-0 0.755 x lo1' 
0.270 6.066 6.066 24.3 ~ . . . _  

T o t a l  power 36.3.0 
.._. .- __ -.. _.-.. 



The amount of 
of ;"42~m as a 
the fol lowing 

REFEEENCE CQLUPJIN 
helium produced by alpha decay 
i'unction oi" t i m e  is given i n  
t a b l e .  

Volixrie of Helium as a Function o f  Decay Time 

cm3 or I-Ie per g OE '*%n 
( s tandard  condTtions) Days Half -lives 

T rime 

11. p 32.6 0.2 

22.4- 65 .2 0.4 
31.5 97.8 0.6 

39.4 1-30.4 0.8 
46.3 163 1.0 

55.8 244 1.5 
69.4 326 2.0 

80.9 48 9 3 -0 

89.6 815 5.0 

92 94 1630 1-0 * 0 

86.7 6 5% 4.0 

b. Beta particles - none 

I n  add i t ion  t o  the  gammas from t h e  al-pha decay, 5 
the re  are the prompt and f rission-product g:mflas 
from. t h e  spontaneous f i s s i o n  of 24"Cm (T'l /z  = 
7.2 x .lo6 y). 
given i n  the fol lowing t a b l e .  

TIE gamma-emission r a t e s  a r e  

Photon energy, x. G m a  - e m i  s s ion ra te ,  
photons see-' g-' MeV 

gammas 242fin 

0.27 x 1014 

2.83 x lo9 

2 .U+ lo7 
6.09 x 10" 
6.45 x 10" 
1.15 x lo6 
1.52 x lo6 

1.42 x 10"' 

Prompt gammas 

0.044 
0.10 
0.158 



?c Gamma-emission r a t e ,  
photons s ~ c - ~  g-" 

P ' i  s s ion-  produc t gammas 
2.16 lo7 
7.99 x 10" 
9.36 x 10" 
1.80 x 1.0" 
2.66 x 10" 

Phot on e ne r gy , 
&V 

0.63 
1.1 
l.55 
2.38 
2.7j 

*1.20-watt source. 

d. Bremsstrahlung - none 

e .  Neutrons 

2.30 x lo7 neutrons sec - l  g - l  of 242~rn from 

2.0 x 10'' neutrons sec-' E-' or 242~r f l  from 
(a,n) r e a c t i o n  on oxygen i n  cm20S 

( ~ o - w a t t  sourcc)  

5 
spontaneous fission (120-waii source)  

The energy distribu'Lion of spontaneous €issioii  2 
neutrons from 24"~rfl i s  given i n  the fonosqing 
table. 

Spontaneous Fission Neuiroris From 242Crn 
.I.-- 

)c Energy, Abundance, 
Me v neutrons sec-' g-' of 2"~m 

0.3-0.4 
0.4-0.6 
0.6-0.8 
0.8-1.0 

1.0-1.P 
1 .2 -1.4 
1.4-1.6 
1.6-1.8 
1.8-2.0 

2.0-2.2 
2.2-2.4 
2 .4 -2 -6  
2.6 -2.8 
2.8-3.0 

5 .o-3.2 
3.2-3.4 

3.6-3.8 
3.4-3 -6 

3.8-4.0 

1.7 x 10" 
1.6 x 10" 
1.6 x i o 6  
1.4 x 10" 

1.4 x 106 
1..'L x 106 
1.2  x 10" 
1.1 x 10" 
1.0 x lo6 

9.1 x 10" 
8 . 4  105 
8.0 lo5 
5.5 105 

5.0 io5 
5.0 x io5 
4.7 x 105 
3.7 lo5  
4 . I  105 

6.5 x lo5 
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CURIUM-242 OXIDE CEEDIET 
Spontaneous (cont inued)  REFEIWNCE COLUMN 

Abundance, * Energy, 
MeV neutrons sec-1 g-1 of 2 4 2 ~ m  

4.0-4.4 
4.4-4.8 
4.8 -5.2 
5.2-5.6 
5.6-6.0 
6.0-6.4 
6.4-6.8 
6.8-7.2 
7.2-7.6 
7.6-8.0 
8.0-8.8 
8.8-9.6 
9.6 -10.4 
10 * 4 -1I. 2 
11.2-12.8 

5.2 105 
4.4 105 
3.2 x 103 
2.5 x 1.0" 
1.9 x 10" 

1.5 105 
1.1 x 10" 
7.5 104 
5.6 x lo4 
4.7 io4 
5.0 
1.5 io4 
1.6 io4 
1.0 lo4 
7.1 x 1.0" 

3(- 120-watt source.  

The energy d i s t r i b u t i o n  of neutrons occurr ing 2 
as a Yesidt of a col.l_isicon of f a s t  alpha p a r t i c l e s  
from 242Cr~ decay wi th  oxygen atoms i n  CreO,  i s  
given i n  t h e  fol lowing t a b l e .  

Neutrons From (a, n) Reactions With Oxygen 
-E Enerm-, Abundance, 

MeV neutrons see-'- g - l  of 242~m 

0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.k  
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2 .E! 

5.0 io3 
1.0 10" 
2.0 1-0~ 
2.5 lo4 
r7.6 1 . 0 ~  
1.5 x ios 
2.8 x 1.0" 
4.5 io5  
7.6 x 10" 
1.0 x 10" 
l .3 x 10" 
1.7 x loG 
2.0 x lo6 
2 .1  x lo6 
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CURIUM-242  ___.I OXXDE C E W T  

Neutrons (cont inued)  

Energy, Abundance, * 
Mev ncutrons s 5 c - I  g-'- of 2 " 2 ~ m  

2.1 x 3.06 
6 2.1 x 10  

1.8 x lo6 
1.5 x 1.06 
1 . 0  x lo6 

4.0 6.5 io5 
4.2 4.0 105 
Js . I+ 2.8 3.0~ 
4.6 1.8 x 10" 
4.8 5.0 lo4 

.- ._I_____ -.. 
++120-watt source . 

4. Cr i t i ca l .  M ~ E  

5 .  Cornpatibil-ity With Materials  of  Containment 

See USAhC Rpt . OPJPL-4189, ComQatibil-ity D a t a  
Siieets for Ceriim-14~+, ~ e s G - 1 3 7 ,  Curi-urn, a& 
Strontium-90 ( c l a s s i f i e d ) .  

6. Thermophysical P r o p e r t i e s  

a.. Density 

The densiity of Gxide mixture i s  equa l  t o  
11.67 g/cm 3 . 

b.  Coef f i c i en t  of ther1naJ. expinsion 

Lj near c o e f f i c i e n t  
of expansion, O C - '  Temperature, "C 

8.90 x io-" 300 

1.0.60 x 1.0-~ 500 

11.35 x 
11.41 x 

800 

1050 

The thermal coeff ic i -ent  of expansion o f  Lhe 
cermet w i l l  depend markedly on t h e  matr ix  m a t e r i a l .  

c .  Specifi-c heat and enthalpy 

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

Values will depend on khe matyjx m a t e r i a l .  

( 2 )  Enthalpy 

Values will depend on the matrjx m a t e r i a l .  
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CURIUM-242 OXIDE CERMET 

d.  

e .  

f. 

Q. 

h. 

i. 

j -  

k. 

1. - 

Tempe ra t  ure s 

(1) Melting 

(2 )  Bo i l ing  

Latent  hea t s  

REFERENCE COLUMN 
of phase t ransformat ions  

poin t  - 2OOO-22OO”C -for A m O ~ - C u ~ O 3  32 
mixture 

of phase t ransformat ions  

35 (ThOz) 

Ow fus ion  17 kcal/mole 31 (Ar;?O,) 

m p o r i z a t i o n  11.ii- 8 kcal/rriole 33 (cmrrod 
Vapor pressure  

W i l l  depend p r imar i ly  on the matrix meta l  
and on the  temperature .  

Thermal conduc t iv i ty  
c a l  cm-’ see-’ O C - ”  Temperature, O C  

0.0245 LOO 

0.0143 400 
o . O O a 1  800 

0.005Cj 1400 

With the s e l e c t i o n  of t h e  proper rflatri.x m a t e r i a l  
f o r  cermet, it should be possible t o  reach  a 
0.06 c a l  cm-I see-’ “C-”  thermal. conduc t iv i ty  
€or  t h e  cerrnet. 

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

Values w i l l  depend on t h e  mat r ix  m a t e r i a l .  

V i scos i ty  

The v i s c o s i t y  w i l l  depend p r imar i ly  on t h e  
p r o p e r t i e s  of‘ t h e  matr ix  meta l .  

Surface t e n s i o n  

The su r face  t e n s i o n  w i l l  depend p r imar i ly  on 
the  p r o p e r t i e s  of‘ t h e  matr ix  metal-. 

Tot a]. hemispheric a1 emit tance 

S p e c t r a l  emiss i v i  t y 

0.20-0.57 

The mat r ix  m a t e r i a l  will. have a. pronounced 
e f  €eck on the emissi:vity . 

19 (ThO2) 



CURIID1-2b2 OXIDE CEKMET 

m. Crys ta l lography 

Body-centered cubic, C-type r a r e - e a r t h  oxide 27 
s t r u c t u r e  produced by reducing CmQ2 i n  1% Qp- 
gqo ~e a t  780"~. 

0 

a - 10.97 * 0.01 A a i  room temperstllre 

Monoel-inic, 8-type r a r e - e a r t h  oxide s t r u r t i j r e  31 
obtaincd by i r r e v e r s i b l e  t r a n s f o r m i i o n  from 
C-type on hea t ing  between 800-1300°c. 

a = 111.27 i a t  room tempzratiire 

b = 3.65 A a t  room temperature 

c = 8.92 a t  room temperature 

B = 100~16' a t  room temp, 0 rat -re 

0 

A-type Cn1;203 (formed on W fi-I..arient i n  4% 
H@e) . 

a = 3.81~5 2 0.005 a t  165O"C 

c = 6.09 .? 0.005 A a t  16 j0°c  
0 

H-type Cr?;i.O, (formed on Ir fi.I.amen'c; i i i  ;<e). 

a. = 3.865 -t O.OO1. A a.t  1750°C 

c ::~ 6.1:14 0.001. 1 a t  1.,5Ooc 
a = 3.888 It_ 0,001 A a.t igiO°C 

c = 6.195 t- 0.002 a t  1g1ooc 
c : 6.022 a t  20°C a f t e r  quench from 1750°C 

0 

(only  002 peak observed) 

n . Solubi.l.ities 

Insol-ihle i n  water 

0. Diffus ion  rat,es 

'g. Me chanica.1. P rope r t i e s  

The mechanical p rope r t i e s  of t h e  metal.-oxide 
mixture  rill depend s tyongly on the p rope r t i e s  
of t he  matr ix  metal .  

20 (CIQ$S) 

a .  Hardness 

b .  Crush s t r e n g t h  



CURIUM-2Ll2 OXIDE: CEI?.NET 

8. Chernical P rope r t i e s  

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

(1) Heat, of formation (es t imated  Prom d a t a  
or1 other a r t i r i i de  oxides) 

Phase -AX"? (293"~), keaj-/mole 

Cm02.00 236 c 8 
( C m o L . 7 2 )  213 * 10 

P (Cmol.50) 207 4 15 

CrnO 135 1 10 

(2) Free energy of formation of Cm01.5~ 

Nl'", = -226 kcal/mole 

(3) Entropy 

S&8 = 26 4 4 ell 

b. Chemical reactions and r eac t ton  r a t e s  
(oxygen, ni t rogen ,  water ,  st;eam, hydrogen 
l i q u i d  metals ,  o t h e r )  

These p rope r t i e s  wri.11 depend. on t;he rnatri-x 
m a t e r i a l .  

9. Biol0,n;ica.l Tolerances 

The ''' Crfi t o l e rances  .taken frcni R c f  23 are given i n  
t h e  table on t h e  fo l low& page. 

10. Shieldirig Data. 

Gnrmiia dose rates wi th  water, i r o n ,  l ead ,  and i.uranium 
s h i e l d i n g  axe  given i n  F igs .  8-12 f o r  242Cm p w e r  
sources  of 100, 200, 500, 1000, 2000, 5000, 10,000, 
and 20,000 w a t t s .  Neutron dose rates wi th  water  
s h i e l d i n g  a r e  given i n  F ig .  1-3. Meihron dose ra tes  on 
s h i e l d i n g  wi-th Be, CH, CHz, o r  Li f i  can be esl;irna't;ed by 
us ing  Fig. L3 j.n conjunct ion w i t h  F i g .  14. 

c a l c  

33 

e:, 

5 



Maxinun Permissible Body Burdens and M z x i m m  Permissible Concentrations 
f o r  Radionuclides iri A i r  snd i n  Wster f o r  0zcupa;ional Exposare23 

Organ of reference K z x .  Dermissible Maximwn permisslble  concentraxions,  li.c/cm3 
( a r t t i c a l  organ b.;r&n ir, total  or bo-kir wesk For i6S-hr week 

type  of d e c w  urider s c ore  d 3064, q ( & )  Whter Air Water A i r  
Radionucl ide m 3  

*Tne abbreviat ions GI and U T  refer  t o  -the g a s t r o i n t e s t i n a l  tracl; and lower l a r g e  i n t e s t i n e ,  r e s p e c t i v e l y .  
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DISTANCE FROM CENTER OF SOURCE (cm) 

Fig. 8. Garma Dose Rates from Unshielded I s o t o p i c  Pc;.wer Sourcet; 
of Curi.um-242 a s  a FuncAiou of' Distance trorn Center of Source .  
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SHIELD THICKNESS ( m i  

F ig .  9. Garma 2ose 3a t e s  Prom Iron-Shieldec I so top ic  Power Sources 
of Clnri?m-2&2. Cecter  or’ source t o  dose poln t  separa t ior ,  d i s taxce  = ,OO ex. 



Flg. 10. Gzmia  Dose Rates from Lezd-Shielded Isotopic Power Sources 
of ~uri:m-242. Center of s o u x e  to dose p i n t  separation distance = LOO em. 



I o2 

1 o1 

1 

10-1 

10-2 

I 
Sources of ~urjuirz-242. Center of source t o  dose p o i n t  separation 
d i s t ance  = 100 em. 

7i.g. 11. Gamma Dose Rates from IJraniun-Shielded IsoLopic Power 



Fig. 12. G a m a  Dase Rates ?ram Water-Shieldea Isotopic Power Sources 
of Curium-242. Cer te r  of soilrce t o  dose poin t  separation distance = 100 CM. 
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PENETRATION DEPTH (g/crn2) 

Fig. 13. Neutron Dose Kates f r o m  Water-Shielded 1sotopri.c Powcr 
Soii.rees of Curiui11-2~+2 R s a Function of Penet ra t ion  Depth of Shi.cl.ding 
M a t e r i a . 1 .  Center of source t o  dose poin t  separa t ion  d i s t a n c e  := 100 em. 
Refer t o  Fig.  9 t o  o b t a i n  dose r a t e s  through ot’ney ma te r i a l s .  



PENETRATION DEPTH ( g / c m 2 )  r '  

PENETRATION DEPTH (g/crnZ) 

Fig. 14. F a s t  Neutron Dose Rate (Multiplied by h r o 2 )  in Various 
Mate r i a l s  as a Function or Pene t r a t ion  Dept!i from a Unit Point  I s o t r o p i c  
F i s s i o n  Source. 
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