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CURIUM DATA SHERTS

T. CURTUM-244 | REFERENCE COLUMY
A. CURIUM-2LL METAL HALF~LIFE: 18.1 y 1

1. Comgosition

a. Radionuclidic abundance 2
Element Minimum, % Maximum, %
Cim 99.5 99.8
Am 0.5 0.2

An average “**Cm product will have the
following analysis:

Isotope % Abundance
2¢40m  gE.5
2450m 1.6
246y 2.7
2%3m 0.2

b. Radicchemical purity

Recause of their long half-lives, the “*°Cm

(Ty/2 = 8000 ¥), &%*°%Cm (T1/» = 6600 y), and #*3un
(T1/2 = 8000 y) impurities act as inert diluents
and contribute <0.1% of the total source power.

The radiations from these impurities are weak
gammas or alpha particles and can be neglected
because they are readily shielded. ' The prompt
gammas and neutrons from the spontaneous fission
will be only a few percent of that obtained from
spontanecus fission of 2%**Cm.

Since the #**Cm decays to 2%°Pu, the plutonium content

in a 100% =**Cm sample will slowly build up after
the final purification step as shown in the following

table.
Time, mooths Ay
O o)
7.0 2.3
18 5.6
36 10.8
90 05.2
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CURIUM DATA SHEETS

I. CURIUM-24L REFERENCE COLUMN

A. CURIUM-2hl METAL HALF-LIFE: 18.1 ¥y 1

1. Composition

a. Radionuclidic abundance 2
Blement Minimum, % Maximum, %
Cm 99-5 99.8
Am 0.5 0.2

An average =44on product will have the
following analysis:

Isotope % Abundance
2440y 95.5
2450m 1.6
2460 2.7
243 0.2

b. Radiochemical purity

Because of their long half-lives, the <*°Cn

(T1/2 = 8000 y), #4CCm (T1/2 = 6600 y), and “*°Am
(T1/2 = 8000 y) impurities act as inert diluents
and contribute <0.1% of the total source power.

The radiations from thege impurities are weak
gammas or alpha particles and can be neglected
because they are readily shielded. The prompl
gammas and neutrons from the spontaneous fission
will be only a few percent of that obtained from
spontaneous fission of 2440,

Since the =**Cm decays to 24OPu, the plutonium
content in the sample will slowly build up after
the final purification step as shown in the fol-
lowing table.

Time, months 240p, ¢
0
7.0 2.7
18 6.k
) 12.3



CURIUM-244 METAL

2.

Specific Power

REFERENCE COLUMN

a. 2.67 watts/g of metal (95.5% 2%*Cm content) 2, 3,k
It is assumed that there are 81 curies/g of
2440y and that there are 34.3 watts/kilocurie
of 2%4Cm.
b. T77.% curies of **Cm per gram of metal 2, 5, b
Radiation
a. Alpha particles 3, O
Max E, Avg E, Abundance,
Nuclide Mev Mev % w/kilocurie Particles w™1 sec™?
2440, 5.801  5.801 6.7 3.3 0.825 x 10*%
5.759  5.759 23.5 e 0.252 x 10'%
Total alpha power 34,2

The volume of helium from alpha decay as a
function of decay time is given in the follow-

ing table.

Volume of Helium as a Function of Decay Time

3

cm” of He per g of 2440 Time
(standard conditions) Years Half-lives

6.15 1.8 0.1
11.8 3.6 0.2
17.3% 5.4 0.3
22.1 7.2 0.k
26.9 9.1 0.5
31.2 10.9 0.6
35.% 2.7 0.7
39,1 14.5 0.8
ho.6 16.3 0.9
hs.9 18.1 1.0
59.3 27.1 1.5
68.9 36.2 2.0
80.3 s5h.3 3.0
86.1 12k 4.0
88.9 90.5 5.0
91.7 181..0 10.0




CURIUM~-244 METAT,

REFERENCE COLUMN

b. Beta particles — none

c. Gamma

The gammas come from three sources. First there
are the gammas associated with the alpha decay
of #**cm. Secondly, there are the prompt gammas
from spontaneous fission. The fission-product
garmmas constitute the third gamma source. The
gamma-emission rates are given in the following

table. 2, 5, 5
Gamma-emission rate, Fhoton energy,

photons sec™® w1 of #**Cnm Mev
2440y Zammas
0.252 x 10'% 0.0k2
5.80 x 107 0.10
1.40 x 107 0.15
Prompt gammas from spontanecus fission
hosh x 10° 1.0
1.08k x 10° 1.5
1.15 x 10° 2.3
2.0% x 10° 3,0
2.71 x 10° 5.0
Fission-product gammas
3.8 x 106 0.63
1.h2 x 10° 1.1
1.66 x 10° 1.55
3.20 x 107 2.35
h.73 x 10° 2.75

d. Bremsstrahlung — none
e. Neutrons
4.19 x 10° neutrons sec”™t w™l of #*4Cnm 5, 6, T
from spontaneous fission

(Half-life for spontaneous fission is

1.4 x 107 y)

1.51 x 10° neutrons sec™ w™l of ®4%Cm 5

from (¢,n) reaction on oxygen
in Cm203



CURIUM-2Ml METAL

REFERENCE COLUMN

The energy distribution of spontaneocus fission 2
neutrons from “**Cm is given in the following

table.

Spontaneous Fission Neutrons From Curium-2ih

Energy, Abundance,
Mevw neutrons sec™t w i of 2%%0p
0.3-0.4 1.51 x 10~
0.4-0.6 3.13 x 10°
0.6-0.8 %.20 x 10°
0.8-1.0 2.77 x 10°
1.0-1.2 2.84h x 10°
1.2-1.4 2.80 x 10°
1.k-1.6 2.4 x 10°
1.6-1.8 2.19 x 10°
1.8-2.0 1.98 x 10°
2.0-2.2 1.80 x 10°
2.2-2.4 1..65 x 10°
2.4h-2.6 1.58 x 10°
2.6-2.8 1.30 x 107
2.8-3.0 1.08 x 10°
3.0~3,2 1.01 x 10°
3.2-3.h 0.97 x 10°
3.4-3.6 0.9% x 10°
3.6-3.8 0.75 % 10°
3.8-4.,0 0.79 x 10°
h,o-l. ht 1.0k x 105
ol 8 0.86 x 10%
L.8.5.2 0.65 x 10°
5.2-5.6 0.50 x 10°
5.6-6.0 0.40 x 10°
6.0-6.h 2.95 x 10%
6.4-6.8 2.12 x 10%
6.8-7.2 1.47 x 10%
T.2-7.6 1.12 x 10%
7.6-8.0 0.90 x 10%
8.0-8.8 1.01 x 10%
8.8-9.6 2.95 x 103
9.6-10.4 3.1 x 10%
10.4k-11.2 2.05 x 10°
11.2-12.8 1.40 x 10°




CURIUM-24L METAL

REFERENCE COLUMN

The energy distribution of neutrons occurring as 2
a result of the collision of fast alpha particles

from 244Cm,decay with oxygen atoms in Cmo0s is

given in the following table.

Neutrons From.(@,n) Reactions With Oxygen

Energy, Abundance,
Mev neutrons sec”! w1 of f%%qy

10%
10°
103
108
10°

10%
10%
104
10%
10%

10%
10%
10%
10%
10%

10%
104
104
10%
10°
10°

10°
10

1.62
0.68
0.83
1.69
2.70
0.43
0.61
0.83%
1.01
1.19

1.55
1.40

1.40

1.57
1.22

1.01
0.79
0.50
3.02
2.01
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h. Critical Mass

The critical mass of unreflected and reflected 3
spheres of **Cm and 2440m203 have been calculated

by C. W. Craven, Jr., at ORNL using the cross-

section data available as of November 1965. The

results, shown in the following table, agree within

10% of the results obtained in the replacement

experiment at Los Alamos.



CURIUM-244 MLTAL

REFERENCE COLUMN

Calculated Critical Mass of 2**Cm and 2**Cms0s

Core Reflector Critical
Density, Thickness, Critical  radius,
Mixture g/cm® Mixture cm mass, kg cm
Cm? 14.0 Bare - 12.5 5.97
Cmz052  10.60 Bare - 21.1. 7.80%1
Cme0s 9.01 Bare - 29.2 9.1803%
Cn=0s  10.60 Au-150 4.0-15.0 11.9 6.4540
Cmz0s  10.60 Au-Hs0 2.0-7.5 13.5 6.7188
CmeOs  10.60 Au-Hs0 0.5-2.0 16.5 7.1566
Critical Mass Eguations
Cm: M. = 2450/0% (kg) Cuz0z: M, = 2570/p% (kg)
fpssumed composition: 98.07 wt % 2%%Cw and 1.9% wt % 2*1pu.
5. Compatibility With Materials of Containment
6. Thermophysical Properties
a. Density
13.51 g/cm® of metal 9
b. Coefficlent of thermal expansion
Qq = 7.5 x 107%/°C 10 (Am)
7 -6 /o
a, = 6.2 x 107°/°C
c. BSpecific heat and enthalpy
(1) Specific heat
0.0270 cal g™+ °c™* 11 (Nd)
(2) Enthalpy in calories/mole
H, - Hy = 6.08 + 3.53 x 1073 2 12 (Na)
+ 1.9 x 1078 3
(Nd temperature is 0-400°C and
t is in °C)
d. Temperatures of phase transformations
(1) Melting point — 1340°C 9
(2) Boiling point — 3100°C 13

(Average of terbium and gadolinium

boiling points)
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REFERENCE COLUMN

Latent heats of phase transformations
AH fusion  37.5 kcal/mole (Richard's rule)

AH vaporization  77.0 kcal/mole (Trouton's rule)

Vapor pressure

logio P = 8.4 - 18,400/T

(T is in °K and P is in torr)

This is an average of neodymium, gadolinium,
and terbium.

Thermal conductivity

0.021 cal cm™t sec™® °C7t at 26°C

Thermal diffusivity

0.575 em®/sec at 26°C

This wvalue was calculated by dividing the
product of the specific heat and density into
the thermal conductivity.

Viscosity

2.5 centipoises at 1340°C

Surface tension

500 dyn/cm

Total hemispherical emittance

0.37 at 89°C

opectral emissivity

0.55

A higher value of 0.9 can be assumed if the
metal surface is oxidized or if impurities
are present.

Crystallography

double hexagonal close packed

a = 3.496 + 0.003 A
¢ = 11.331 * 0.005 A
Solubilities

Reacts strongly with water

Diffusion rates

11
11

14

15 (Ga)

i

18 (Pu)

19 (Er)

20



CURIUM~244 METAL

T

8.

10.

REFERENCE COLUMN

Mechanical Properties

a. Hardness

Vicker's — 97.T 13 (Dby)

b. Crush strenghbh

TTHL ke/em® 1% (Tm)

Chemical Properties

a. Heat and free energy of formation, entropy
(1) Heat of formation
Zero — by definition of standard state
(2) Free energy of formation
Zero — by definition of standard state
(%) Entropy (temperature)
S2as = 15 cal °C™1 mole™? 21 (Am)
b. Chemical reactions and reaction rates

(oxygen, nitrogen, water, steam, hydrogen,
liquid metals, other)

(1) Oxygen at room temperature — slow 9
(2) Oxygen at elevated temperature - fast 9
(3) Nitrogen at room temperature — very slow 22
(4) Nitrogen at elevated temperature - slow 22
(5) Water at room temperature — fast 20
(6) Hydrogen at room temperature — slow 20
(7) Hydrogen at elevated temperature — fast 20

Biological Tolerances

Maximum permissible body burdens and maximum 23
permissible concentrations of 24%0n in ajr and

water are shown in the table on the following

Ppage -

Shielding Data

Gamma dose rates with water, iron, lead, and uranium

. . - C s o 244
shielding are given in Figs. 1-5 for Cm power
sources of 100, 200, 500, 1000, 2000, 5000, 10,000, and
20,000 watts. Neutron dose rates with water shielding
are given in Fig. 6. Neutron dose rates on shielding with
Be, CH, CHz, or LiH can be estimated by using Fig. 6 in
conjunction with Fig. 7.



Maximum Permissible Body Burdens and Msxirmum Permissible Concentrations
for Radionuclides in Air and in Water for Occupational Exposuré25

Organ of reference Max. permissible Maximum permissible concentrations, uc/cm8
Radionuclide and (critical organ burden in total For 40-hr week For 168-hr week
type of decay underscored) body, q{uc) Waber Air Weter Air
osCr=*e Bone 0.1 2 x 107 9 x 107 7y 3075 34 10722
() Liver 0.2 3 x 107% 10712 S x 107 L x 10712
(s01)< Kidney 0.2 L x 107 2 x 1073 1074 6 x 10712
Total Body 0.3 6 x 107 3 x 107 2 x 107 gy 10712 o
¢ {(LnI)* 8 x 107* 2 x 1077 3 x 107% 6 x 1078
Lung 070 3 x 107it
(Inso1) oI (LLI)* 8 x 107 1077 x 107% 5 x 1078

*The abbreviations GT and LLI refer to the gastrointestinal tract and lower large intestine, respectively.
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REFERENCE COLUMN

B. CURTUM SESQUIOXIDE (Cmo0s3)

1. Compeosition

a. Radionuclidic abundance

See Section I.A.1.

b. Radiochemical purity

See Section I.A.1l.

c. Phase composition of various curium oxides 2L, 25, 26
Cm02 .00 CHIO]_ LT CITIOJ .68
CmO3 , 91 CmOy .72 CmO1 , 50
CmOl .85

2. ©Specific Power

2.53 watts/g of pure CmzOz (91.0% #**Cm metal)

a.
2.42 watts/g of Cmz0s (86.9% Cm metal)
It is assumed that there are 81 curies/g
of 2%**tm metal and %4.3 watts/kilocurie of
2440y,
b. T3.7 curies of “**Cm per gram of pure (mz0g 2, 3, 4

(91.0% 244Qm metal)
T0.5 curies of 2440n per gram of CmzOg
(86.9% Cm metal)
%. Radiation

The radiation is given under Section I.A.3.

L. Critical Mass

See Section I.A.kL.

5. Compatibility With Materials of Containment

See USAEC Rpt. ORNL-4189, Compatibility Data
Sheets for Cerium-144, Cesium-137, Curium, and
Strontium-90 (classitied).

6. Thermophysical Properties

a. Density

C-type (bce) — 10.79 g/em® at room temperature 27 (cale)
B-type (monoclinic) — ll;67 g/cm” at room temperature 2
A-type (hex) — 11.4 g/en® at 1640°C 29

A-type (hex) = 11.1 g/em® at 1750°C 27 (cale)
A-type (hex) — 11.0 gfem® at 1910°C 27 (ecalc)



CURIUM SESQUIOXIDE (Cmo0s)

b.

€.

18

Thermal expansion

B-type (monoclinic) Cme04
0.60% over 25-680°C
0.85% over 25-940°C
1.4 over 25-1300°C

Specific heat and enthalpy

(1) Specific heat in cal g

-1 Oc—l

3.7 x 1072 + 2.91 x 107° 7 (°K)

(2) Enthalpy i

n calories/mole

Temperatures of phase transformations

(1) Melting point

C-type Cmp

0s {bee) transforms to A-type

Cmz0s5 (hex) by self-radiation damage at

room tempe

C-type Cmo0s (bee) transforms irreversibly
to B-type Cme=0s (monoclinic) between 800~

rature in a few weeks.

REFERENCE COLUMN

50

51 (Am=0s3)

27

1300°C depending on degree of crystallinity

of cubic f

B~type Cmg
reversibly
1600°C.

A-type Cmo
(2) Boiling po

(3) Decomposit
oxides at

Oxide

CmOz . oo
CmO1 , 91
Cm0Oy 85
CmO1 ,77
CmO7 |75
CmO1 , 68

CmO1 .50

Latent heats of
Al fusion 17

AH vaporization

Oorme.

05 {(monoclinic) transforms
to A-type CmeOs (hex) at

0s (hex) melts at 1950°C.
int — 3130°C

ion temperatures to lower
oxXygen pressures as cited:

Temperature, °C

P Os =107 3 x 107° 1 atm

360 591 LLo
Nonexistent Nonexistent 520
520 625 >700
725 870 _—
870 1065 --
1070 >1120 -

phase transformations
kcal/mole
114 £ 8 keal/mole

27

27, 32
31 (Amz03)
26

%1 (Amz0a)
33
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CURIUM SESQUIOXIDE (Cmo0s)

REFERENCE COLUMN

. Vapor pressure 34
Experimental Calculated wvapor
Temperature, vaporization rate, pressure of CmgOg,*
°Q g cm™@ gec atm

1623 0.71 x 1076 0.3%0 x 1077
1628 0.15 x 107" 0.62 x 1077
1667 0.23% x 107° 0.97 x 1077
169k 0.30 x 1075 0.13% x 107°
1731 0.60 x 107> 0.26 x 107°
1749 0.6% x 1073 0.28 » 107°®
1784 0.1% x 107% 0.64 x 107°
1816 0.13 x 107% 0.57 x 107
1829 0.18 x 107% 0.82 x 107°

¥Yapor pressure calculated assuming vaporization
reaction CmzOs(s) = Cmo0a(g). Actual vaporization
species is unknown. Vapor pressures calculated
for other possible vaporization reactions of CmpOsg
are higher by factors up to 1.87.

g. Thermal conductivity

cal ecm~1 sec~l °C-1 Temperature, °C
0.0245 | 100 35 (Thoz)
0.0204 200
0.0143 400
0.010k 600
0.0081 800
0.0073 1000
0.0060 1200
0.0059 1400

h. Thermal diffusivity

cn®/sec Temperature, °C
0.0473 100
0.0111 800
0.00645 1400

Calculated by dividing the product of the
specific heat and room temperature density
into the thermal conductivity.

i. Viscosity



CURIUM SESQUIOXIDE (CrioQg)

Je
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O.

Surface tension
Total hemispherical emittance

Spectral emissivity
0.20 to 0.57

The precise value is a function of the rough-
ness of the material surface, the presence of
impurities, and the effects of radiation.
Crystallography

Body-centered cubic, C-type rare-earth coxide
structure produced by reducing CmOs in 1% Oo—
99% He at T780°C.

a = 10.97 £ .01 & at room temperature

Monoclinic, B-type rare~ecarth oxide structure
chtained by irreversible transformation from
C-type on heating between 800-1300°C.
a = 14.27 A at room temperature
b = %.65 A abt room temperature
- 8.92 R at room temperature

c
B = 100°16"' at room temperature

A-btype CmzOs (formed on W filament in 4%
i/He) .
a4 = %.845 £ 0.005
¢ = 6.092 £ 0.005

[¢]
A at 1650°C
A at 1650°C

H-type CmsOs (formed on Ir filament in He).

a = 3,863 £ 0.001 A at 1750°C
c = 6.17h £ 0.001 A at 1750°C
s = %.888 + 0.001 A at 1910°C
o
¢ =6.195 + 0.002 A at 1910°C
¢ = 6.022 A at 20°C after gquench from

1750°C (only 002 peak observed)

Solubilities

Insoluble in water

Diffusion rates

REFERENCE COLUMN

19 (Thoz)

27

27

36

36

20
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CURIUM SESQUIOXIDE (Cmz0s)

7.

10.

Mechanical Properties

a. Hardness
b. Crush strength
1900 kg/cm®

Chemical Properties

a. Heat and free energy of formation, entropy

(l) Heat of formation (estimated from data

on other actinide oxides)

Phase -0 . (298°C), keal/mole
CmO= . 0o 2%6 £ 8
o {C0; ,72) 218 + 10
B (€m0, .50) 207 %15
CmO 135 % 10

(2) Free energy of formation of CmO1.so0
OF° e = -226 kcal/mole
(3) Entropy
S20a = 26 £ b en
b. Chemical reactions and reaction rates

(oxygen, nitrogen, water, steam, hydrogen
liquid metals, other)

(l) Oxygen at room temperature — slow

(2) Oxygzen at elevated temperature - fast
(3) Nitrogen — no reaction

(4) Water — possible hydration reaction

(5) 1Inorganic acids — soluble in acids

Biological Tolerances

Maximum permissible body burdens and maximum
rermissible concentrations of 2440y in air and
in water are given under Section I.A.9.

Shielding Data

The dose rates are given under Section I.A.10.

REFERENCE COLUMN

57 (Ce0z)

38

calce

20

25



22

C. CURIUM OXYSULFIDE (Crms058)

1.

Composition

a. Radionuclidic abundance

See Section I.A.1.

b. Radiochemical purity

See Section T.A.1.

Specific Power

a. 2.46 watts/g of pure Cmp028 (88.4% **Cm metal)
2.35 watts/g of Cme028 (8L.4% ***Cm metal)

It is assumed that there are 81 curies/g of

2440 and 34.3 watts/kilocurie of Z**Cu.

b. 7l.6 curies of 2440n per gramn of pure Cmz025

(88.49% =*%Cy metal)
68.4 curies of 2**Cm per gram of Cmz0s8
(84.49 =*%Cn metal)

Radiation

The radiation is given under Bection I.A.3.

@]

Critical Mass

See Section I.A.k4.

Compatibility With Materials of Containment

Thermophysical Properties

a. Density
9-95 g/cu®

b. Coefficient of thermal expansion

0.60% over 25-680°C
0.85% over 25~940°C
1.49, over 25-1300°C

¢c. Specific heat and enthalpy
(1) Specirfic heat in cal g~t °C™*
3,60 x 1072 + 2.8% x 107 T (°K)

(2) Enthalpy in calories

REFERENCE COLUMN

39 (Pug028)

30 (Cmz03)

31 (Amz03)



25

CURIUM OXYSULFIDE (Cms029)

d.

]

[tie]

Temperatures of phase transformations
(1) Melting point — 2000°C
(2) Boiling point — 3130°C

Latent heats of phase transformations
AH fusion 17 kcal/mole

AH vaporization 85 kcal/mole
Vapor pressure

Thermal conductivity

cal em™t gsec”t °ct Temperature,
0.0245 100
0.0081 800
0.0059 1400

Thermal diffusivity

2
cm”/sec Temperature,

0.0528 100
0.0116 800
0.00708 1400

Calculated by dividing the product o the
specific heat and room tenperature density

into the thermal conductivity.
Viscosity

Surface tension

Total hemispherical emittance

Spectral emissivity

0.20 to 0.57

The emissivity value depends on the rough-
ness of the material surface, radiation
effects, and the presence of impurities.

Crystallography
nexagonal

a = 4.008 A

c = 6.769 A

The cell constants should Pe slightly smaller
for Cmz0-5 due to the actinide contraction.

REFERENCE COLUMN

40 (Cen058)
31 (Amz0s3)

31 (Amz03)
21 (Amz0gz)

35 (ThOz)

19 (Thoz)

79 (Puz028)
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CURIUM OXYSULFIDE (Cms0o8)

REFERENCE COLUMN

n. Solubilities
(1) Soluble in strong acids (Ces028) 1
(2) Insoluble in acetic acid (Cez028) b1

0. Diffusion rates

T+ Mechanical Properties

a. Hardness
b. Crush strength

8. Chemical Properties

a. Heat and free energy of formation, entropy
(1) Heat of formation
NH°p = =430 keal/mole Te)
(approximated by Ceps0s8)
(2) Free energy of formation
AF° e = W14 kcal/mole
(calculated by AR = OHp - TAS® ;)
(3) Entropy
S29s = 34.3 eu Lo
(calculated by W. Latimer's method)
b. Chemical reactions and reaction rates 59

(oxygen, nitrogen, water, steam, hydrogen,
liquid metals, other)

(l) Air at room temperature - slow
(2) Alr at elevated temperature — fast
(5) Water at room temperature — no reaction

(&) TInorganic acids at room temperature — reacts

9. Biological Tolerances

Maximum permissible bhody burdens and maximum permissi- 23
ble concentrations of **Cm in air and in water are
given in the ©*%Cm Metal Source Form, Section 1.A.9.

10. Shielding Data

The dose rates are given under the 2240 Metal
Source Form, Section I.A.10.
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D. CURIUM FLUORIDE (CmFs)

1. Composition

a. Radionuclidic abundance

See Section IT.A.1l.

b. Radiochemical purity

See Section I.A.1.

2. Specific Power

a. 2.25 watts/g of pure CmFg (8%.1% 2440 metbal)
2.15 watts/g of CmFs (77.5% “**Cm metal)

It is assuned that there are 81 cugies/g of
24%Cm and 34.3 watts/kilocurie of “**cm.

b. 65.7 curies of Z**Cm per gram of pure CmFs 2, 3, b
(81.1% #**Cm metal)
62.7 curies of 2440y per gram of CmFa
(77.-5% 2**Cm metal)
5. Radiation

The radiation is given under Section I.A.35.

h. Critical Mass

See Secthion I.A.L.

5. Compatibility With Materials of Containment

6. Thermophysical Properties

a. Density
9.80 g/cm3 43

b. Coefficient of thermal expansion
a = 19.7h x 107 + 2.62 x 10°® ¢ bl (BaFz)
+ 0.15 x 10710 2
(t is in °C with a temperature range of 26-296°C)
c. Specific heat and enthalpy
(1) Specifie heat in cal g™t °C™%
7.21 x 1072 + 2.06 x 1075 T (°K) 31 (AmFgz)



CURIUM FLUORIDE (CmFa)

h.

REFERENCE COLUMN

(2) Enthalpy in calories
H. - Hoog =21 T + 3.5 x 107°% 1=

(estimated from other actinide data)

Temperaturcs of phase transformations
(1) Meclting point — 11406°C
(2) Boiling point — 2330°C
This value is the average of the boil-
ing points of La¥Fs, CelFs, and Pris.
Latent heats of phase transformations
AH fusion 9 Kcal/mole

AH vaporization 62 kcal/mole

Vapor pressure

Vapor pressure, torr Temperature, °C
5.07 x 1077 85%
7.18 x 107°¢ ol
1.486 x 107 1033
1.725 x 107% 11h1
5.820 x 107° 1196

Vapor pressures are [or Ami'g.

Thermal conductivity

cal cm™t gec™t °CT? Temperature, °C
0.029% 0
0.0251 100

Thermal diffusivity

crn®/sec Temperature, °C
0.03%99 0
0.0%21. 100

Calculated by dividing the product of the specific
heat and the room temperature density into the
thermal conductivity.

Viscosity

Surface tension

21

55
12

%1 (CeFz)
51 (Ce¥s)

46

47 (BaFy)
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CURIUM FLUORIDE (CmFs)

REFERENCE COLUMN

k. Total hemispherical emittance

A value of 0.9 can be assumed.
1. Spectral emissivity

m. Crystallography
hexagonal, LaFs-type, space group P6s/muc 48
a = L.O4L *+ 0.001 A ¢ = 7.179 * 0.002 A

ne Solubilities
0. Diffusion rates

T. Mechanical Propertiles

a. Hardness
b. Crush strength

8. Chemical Properties

a. Healb and free energy of formation, entropy
(1) Heat of formation
AH®p = -395 kcal/mole 31
(estimated from other actinide data)
(2) Free energy of formation
AF°f = =375 keal/mole 31
(estimated from other actinide data)
(3) Entropy
S2g8 = 29 eu 31
(estimated from other actinide data)
b. Chemical reactions and reaction rates

(oxygen, nitrogen, water, steam, hydrogen,
liquid metals, other)

(1) Air at room temperature — no reaction

(2) Air at elevated temperature — forms oxyfluoride 20
(3) Nitrogen — no reaction

(%) Water — insoluble

(5) Inorganic acids — insoluble in weak inorganic acid
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CURIUM FLUORIDE (CmFs)

REFERENCE COLUMN

9. Biological Tolerances

Maximum permissible body burdens and maximum 23
permissible concentrations of 24%0n in air and
in water are given under Section I.A.9.

10. Shielding Data

The dose rates are given under Section 1.A.10.
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TI. CURTUM-242 REFERENCE COLUMY
A. CURIUM-242 OXIDE CERMET HALF-LIFE: 163 4 L, 3, 5, 7T

1. Compesition
a. Radionuclidic abundance

The composition of the product will depend on
the irradiation history of the =*'Am target as
well as the cocling time affer removal from the
pile. The product is expected to be at least
Log #*2om.  If it is not this high, an Am-Cnm
separation is used to lower the americium con-
tent of the product.

The analysis for a typical batch of Z*Am with Lo
a total integrated neutron dose of 1.5 x 1074

and with a 90-day cooling and processing period

(with all the plutonium removed) is as follows:

Isotope % Abundance
241p, b5
2420 1.6
=243 T.7
2420 h1.9
2430n 0.5
2440 0.8

The decay of 2%20n to “2%py is illustrated in
the following table. A 10-g product with 40%
2420m and 60% other actinides is assumed. The
decay is shown for 163 days.

Time, days 24ECngg 238Pu, I

0 4,00 0

16 2,73 0.27
32 3.48 0.52
65 3.03 0.97
81.5 2.83 1.17
B 2.46 1.54

163 2.00 2.00

The oxide mixture will be AmOp and Cms0s.  This
will be suspended in . a neutral matrix material
to give the prescribed power density:

30 vol % oxide mixture
70 vol % matrix material
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REFERENCE COLUMN

b. Radiochemical purity

The only important heat contributor to the 49
24200 _source material is £*2Cm. The follow-

ing table shows the contribution of cach

isotope to 10 g of the oxide mixture.

Heat Contribution of Each lsotope of the 2420 Product

Half- Specific % of Heat contribution
Nuclide 1life activity, w/g nuclide watts %
241, 458 y 0.106 h7.5 0.50 0.1
2420 152 y 0.034 1.6 0.05 0.01
243y 7650 y 0.006 7.7 0.005 0.001
2420y 163 4 120.0 k1.9  502.8 99.8
2480n 22y 1.4k 0.5 0.07 0.015
2%4en 180y 2.78 0.8 0.22 0.05
238p, 89y 0.55

The ®42Cm product has contained up to 30 curies of
14406 per 8.33% g of ©*3Cm. Trace amounts of 19%Ru—
108py and °Z°7r~"°Nb have been found in the feed but
do not contribute materially to the power or radia-
tion of the source.

The above contaminations can be reduced to much
lower levels by additicnal processing.

2. Specific Power

a. 42.8 watts/g of AmO»-Criz0g (35.7% **Cm metal)

It is assumed that there are 3320 curies/g of 6
242 o s . 242
Cm and 3%6.1 watts/kilocurie of Cm.

b. 1186 curies of “*3Cm per gram of AmOs-Cmz0s 5
(35.7% =**Cm metal)

5. Radiation

a. Alpha particles 5
Max E, Avg E, Abundance,
Nuclide Mev Mev % w/kilocurie Particles w™t sec™
2420 6.11 6.11 3.7 36.10 0.755 x 10
6.066 6.066 26.% 0.270 x 10*=

Total power %6.30
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The amount of helium produced by alpha decay
of ©%2Cm as a function of time is given in
the followling table.

Volume of Helium as a Funetion of Decay Time

em® of He per g of 2420n Time

(standard conditions) Days Half-lives
11.9 32.6 0.2
22.4 65.2 0.4
31.5 97.8 0.6
39.4 130.4 0.8
46.3 163 1.0
59.8 2l 1.5
69.4 326 2.0
80.9 489 3.0
86.7 652 k.0
89.6 815 5.0
924 1630 10.0

b. Beta particles — none

c. Gamma

In addition to the gammas from the alpha decay,
there are the prompt and fission-product gammas
from the spoantaneous fission of 242Cm.(T1/2 =
7.2 x 10° y). The gamma-emission rates are
given in the following table.

Ctarma-emission rate,”® Photon energy,

photons sec”™t g~1 Mev
24200 gammas

0.27 x 10%* 0.0khk
1.k2 x 10%°© 0.10
2.83 x 10° 0.158
Prompt gammas

2.kl x 107 1.0
6.09 x 10° 1.5
6.45 x 10° 2.3
1.15 x 10° 3.0
1.52 x 10° 5.0

REFERENCE COLUMN

\J1
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REFERENCE COTUMN

Gamma-emission rate,* Photon energy,
photons sec™t gt Mev
Mission~product gammas
2.16 x 107 0.63
7.99 x 10° 1.1
9.36 x 10° 1.55
1.80 x 10° 2.38
2.66 x 10° 2.75
*¥120-watt source.
d. Bremsstrahlung — none
e. Neutrons
2.%0 x 107 neutrons sec™t g“l of ®%*2Cm Trom 5

spontaneous fission (120-watt source)

2.0 x 107 neutrons sec™t g™ of 2420n from
(a,n) reaction on oxygen in CmzOg
(120—watt source)

The energy distribution of spontancous fission 2
=] . - - .

neutrons from “*2Cm is given in the following

table.

Spontanceous Fission Neutrons From 2420m

Energy, Abundance,*
. - 40
Mev neutrons sec” ™ g™t of £*2Cm

o

3

105
108
10°
108

10€
106
10%
108
108

10°
10°
10°
10°
10°

10°
105
10°
10°
10°

i 1

HoMoX M
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i
2

OXONEN ODONEN ODOONEN O DO
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i

1
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§ i
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1

}
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CURIUM-242 OXIDE CERMET

REFERENCE COLUMN

Spontaneous (continued)

Energy, Abundance,*
Mev neutrons sec~l g=1 of 2%2cp

ook .4 5.2 x 105

b4 8 hohox 10°

h.8-5.2 3.2 x 10°

5.2-5.6 2.5 x 10°

5.6-6.0 1.9 x 10°

6.0-6.4 1.5 x 10°

6.4-6.8 1.1 x 10°

6.8-7.2 7.5 x 10*

7.2-7.6 5.6 x 10%

7.6-8.0 Lo7 x 10*

8.0-8.8 5.0 x 10%

8.8-9.6 1.5 x 10%

9.6-10.4 1.6 x 10*

10.4-11.2 1.0 x 10*
11.2-12.8 7.1 x 10°
¥120-watt source.

The energy distribution of neutrons occurring 2

as a result of a collision of fast alpha particles
from **%Cn decay with oxygen atoms in Cmz0s is
given in the following table.

Neutrons From (a,n) Reactions With Oxygen

Energ’y) Abundance 3 *
Mev neutrons sec™t g™t of ©%2(n
0.2 5.0 x 10°
0.4 1.0 x 10%
0.6 2.0 x 10%
0.8 2.5 x 10%
1.0 7.6 x 10%
1.2 1.5 x 10°
1.4 2.8 x 103
1.6 h.5 x 10®
1.8 7.6 x 10°
2.0 1.0 x 10°
2.2 1.3 x 10°
2.4 1.7 x 10%
2.6 2.0 x 10°
2.8 2.1 x 10°
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CURIUM-242 OXIDE CERMET

Neutrons (continued)

Energy, Abundance, ¥

Mev neutrons sec™t g~1 of =*ECm

108
10°
108
108
108

10°
10°
1.0°
10°
10%

N PN
Mopokoxo™

o AW AN AN AW
=

NENO ONE O

I
O XDO Oun GO
MO OR X

=
o
Ul o

bS]

*#120-watt source.

Critical Mass

Compatibility With Materials of Containment

See USAEC Rpt. ORNL-4189, Compatibility Data
Sheets for Cerium-144, Cesium-137, Curium, and

Strontium-90 (classified).

Thermophysical Properties

Density

The density of oxide mixture is equal to
11.67 g/cm®.

Coefficient of thermal expansion

Linear coefficient

of expansion, °C~! Temperature, °C
8.90 x 107° 300
10.60 x 107° 500
11.%5 x 107° 800
11.41 x 107° 1050

The thermal ccefficient of expansion of the

REFERENCE COLUMN

28

46 (Ndz0s)

cermet will depend markedly on the matrix material.

Specific heat and enthalpy
(1) Specific heat

Values will depend on the matrix material.
(2) Enthalpy

Values will depend on the matrix material.
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CURIUM-242 OXIDE CERMET

d.

Temperatures of phase transformations

(1) Melting point — 2000-2200°C for AmOs-CmzOs
mixture

(2) Boiling point — 3400°C for AmOs-CmsOs
mixture
Latent heats of phase transformations

AH fusion 17 kcal/mole
M vaporization 114 £ 8 keal/mole

Vapor pressure

Will depend primarily on the matrix metal
and on the temperature.

Thermal conductivity

cal em™* sec”t °cT? Temperature, °C
0.0245 100
0.0143% Loo
0.0081 800
0.0059 1400

With the selection of the proper matrix material
for cermet, it should be possible to reach a
0.06 cal em™t sec™t °C™' thermal conductivity
for the cermet.

Thermal diffusivity

Values will depend on the matrix material.

Viscosity

The viscosity will depend primarily on the
properties of the matrix metal.

Surface tension

The surface tension will depend primarily on
the properties of the matrix metal.

Total hemispherical emittance

Spectral emissivity

0.20-0.57

The matrix material will have a pronounced
effect on the emissivity.

REFERENCE COLUMN
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CURLUM-242 OXIDE CERMET

m. Crystallography

36

Body-centered cubic, C-type rare-earth oxide
structure produced by reducing CmOz in 1% Oz~
99% He at T780°C.

a = 10.97 £ 0.0L A at room temperature

Monoclinic, B-type rare-earth oxide structure
obtained by irreversible transformation from
C-type on heating betw

a = 1h.27 A at room

b

1

C

p

11

3.65 A at room
8.92 A at room
100°16' at room

een 800-1300°C.
temperature
temperature
temperature

temperature

A-type Cuz0s (formed on W filament in 4%

Ha/He) -

a

il

3.845 £ 0.005 A

¢ = 6.092 % 0.005 A

H-type Cmz0g (formed

a = 3.863
c = 6.17h
a = 3.888
c = 6.195
¢ = 6.022

n. Soclubilities

4+

+

i+

o i+

0.001 &
0.001
0.001
0.002

at 20°C
(only O

>0 I>o0 >0

Insoluble in water

o. Diffusion rates

7. Mechanical Properties

at 1650°C
at 1650°C

on Ir filament in Hde).

at 1750°C

at 1910°C
at 1910°C

after quench from 1750°C
02 peak observed)

The mechanical properties of the metal-oxide
mixture will depend strongly on the properties
of the matrix metal.

a. Hardness

b. Crush strength

REFERENCE COLUMN
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CURTUM~-242 OXIDE CERMET

8.

10.

Chemical Properties

8.

Heat and free energy of formstion, entropy

(1)

(3)

Heat of formation (estimated from data
on other actinide oxides)

Phase -AH% e (298°C), keal/mole

CmO= . oo 236 + B
o (Cm0y ,72) 218 + 10
B (CmO1.50) 207 £ 15
CmO 135 + 10

i+

Free energy of Tormation of CmOi,s0
AF° e = -226 kcal/mole
Entropy

S%gg = 26 % L eu

Chemical reactions and reaction rates
(oxygen, nitrogen, water, steam, hydrogen
liquid metals, other)

These properties will depend on the matrix
material.

Biological Tolerances

= . .
The “*20n tolerances taken from Ref 23 are given in

the table on the following page.

Shielding Data

REFERENCE COLUMN
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55

™
N

Gamna dose vates with water, iron, lead, and uranium 5

shielding are given in Figs. 8-12 for Z*3Cm power
sources of 100, 200, 500, 1000, 2000, 5000, 10,000,
Neutron dose rates with water
Neutron dose rates on

and 20,000 watts.
shielding are given in Fig. 13.

shielding with Be, CH, CHz, or LiH can be estimated by
using Fig. 13 in conjunction with Fig. 1h.



Maximum Permissibie Body Burdens and Maximum Permissible Concentrations
for Radionuclides in Air and in Weter for Occupaiional Exposure25

Organ of reference
(critical organ

Radionuclide and

Max. permissible
burden in total

Maximum permissible concentrations, uc/ecm®

Tor LO-hr week

For 16%-hr week

type of decay underscored ) body, cluc) Water Alr Water Air
6T (1nr)™ 7 x 107% 2 x 1077 2 x 107% 5 x 1078
!Liver 0.05 3 x 1073 10-%° 9 x 107% L x 10-1t
{S0l)<Bone 0.09 5 x 100 2 x 107 2x10°® 8 x 107+t
Kidney 0.2 9 x 1073 4 x 10°1© 3 y 10°% 10-1°
[Total Body 0.2 0.01 6 x 107%° 5 x 10™® 2 x 10°%°
[Lung 2 x 10-1° 6 x 10-11
(Insol K «
e (LL1) 7 x 107* 10-7 3 x 10=%* L x 1078

* W 2 0 A - 3 » ry -
The abbreviations GI and LLI refer to the gastrointestinal tract and lower large intestine, respectively.

8%
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