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CURTUM DATA SHEETS

REFERENCE
COLUMN
I. CURIUM=-2kh -
A.  CURIUM-244 METAL Half-life: 18.1 y 1, 2
1. Composition
a. Radionuclidic abundance 3

The anticipated isotopic composition of 2%4%Cm product
resulting from a large~scale production program is
represented by the actual isotopic composition of the
first product batch resulting from the 1968-1969 SRL
campaign shown below. The mass spectrographic analysis
yielding these data was performed 18 months after
reactor discharge.

Isotopic Composition of Curium Product

Isotopic mass % Abundance
ohp 0.04%
2Lz 0.02L
ol 95.08
ohs 0.729
oh6 L,o2
oLt 0.066
243 0.038

b. Radiochemical purity

The #**Cm product will contain small amounts of fission
products formed in the irradiation process and not re-
moved in the chemical separations process. From the
predicted performance of the chemical process and the
calculated quantities of fission products associated
with the curium after irradiation, the gamma activities
of the fission~-product impurities can be calculated and
are tabulated in the table in Section I.A.3.c. (page 3)
in the column labeled "From Impurities.”" Almost all of
the gamma rays above 1 Mev are from *#%*pr ang 1527154py,
and those below 1 Mev are primarily from 237r-"Snb,
l44pe, 106Rh ) and 193Ru-193Rn.

Fission products will also be formed by the spontaneous
fission of #%%Cm and 252Cf, which is present at an
estimated maximum of 4 x 107° wt % of the Z4%*Cm. The
gamma activities from these two iscotopes are tabulated

under the columns labeled "From Fission Products of
2440m and 252¢f.

Americium-243 and 2°2Cf which are formed in the irradia-
tion process are removed during chemical processing
except for an estimated 0.5 wt % 2%3am and <b x 107% wt %
252¢f in the ?**cm product.
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¢. Chemical purity

The following elemental impurity limits have been set
as cbjectives for the 244Cm,process by Savannah River
Plant during the CY 1968-1969 campaign:

Maximum
Elemental impurities Wt % of Cm
Li + Na + K (total) 0.1
Si + Zn (total) 0.1
Fe + Cr + Wi (total) 0.2
Any other single impurity (except Am, Zr) 0.2
Total of all impurities (except Am, Zr) 1.0
Total of all impurities (including Am, Zr) 3.0

Plutonium-240 as a decay product of £%%*Cm will be
present in amounts increasing with time following
chemical processing.

2. Specific Power

a. 2.84 w/g of 2*%Cm (100% **Cu isotope) L, 5,6
2.70 w/g of pure curium element (95.08% Z**Cm isotope)
2.62 w/g of curium product (97% chemically pure)
b. Specific power values are based on 81.3 Ci/g of
2%%0m (100%) and 34.95 w/kCi of Z%%Cm.
3. Radiation
a. Alpha particles 5, 7

Particles

ax b v E Abundance .
Max &, Av L, »oy/kci  ertieles
W sec

Nuclide Ve Mev %

2440m 5.801 5.801 76.7 { 3). 0.825 x 102
5.759  5.759 23,3 7 0.252 x 10%°

The volume of helium from alpha decay as a function
of decay time is given in the following table.

a

Volume of helium, Time
3

cm” of He per g of 2440 Years Half-lives

6.15 1.8 0.1
11.38 3.6 0.2
17.3 5.k 0.3
22.1 7.2 0.4
26.9 9.1 0.5
z1.2 10.9 0.6
35.3 12.7 0.7
29.1 14,5 0.8
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continued

Volume of helium,® Time
em® of He per g of #**Cm  Years  Half-lives

%

Lo .6 16.% 0.9
hs. g 18.1 1.0
59,3 27.1 1.5
28.9 36.2 2.0
0.3 sh.3 5.0
86.1 72,4 4.0
88.9 90.5 5.0
91.7 181.0 10.0

Agtandard conditions

Beta particles

None

(Ganmna,

The significant gamma emissions of producte-grade “4*Cm I
are listed in the following table. The gamma emissions

result from the following:

o,
70

(1) Decay of curium nuclides and of “*%Am (based on
0.02 wt % 2%2cm, 0.002 wt % 2*3Cm, 95.3 wt
2440, and 0.5 wt % “*%Am.

(2) Spontaneous fission of 24%cm and #52Cf (based on
a maximm of U4 x 1073 wt % F55¢F),

(3) Decay of fission products resulting from the
spontaneous fission of #**Cm and £%2¢f.

(L) Decay of fission products formed in the irradia=
tion process and not removed in the chemical
separation process.

Significent Camma Rays of Curium-244 Product

Abundance, photons/(sec)(w ##4Cm product)

2420 2430 2940y 24735y 2440 2520f 2440y 2BROF rities
0,0-0.5 L.1x10% 3.6x10% 2.5%x10° 1.0x107 H.1x10° 4.9x105 2,2x10° 1.9x10% 2.2x2107 3.0x10%
0.5-1.0 3.0 x10% - 2.2x10° - 2.6 x10% 2,5x10° 6.7x10% 6.0x10° T7.5x10% 2.0x107
1.0~2.0 9.0 x 102 - - - 1.9x10% 1.8%x10% 1.5%x10° 1.3x10° 1.1x10° L.9x10°
2.0-%3.0 - - - - 6.0%10% L.gx10* 6.0x10° 5.2x10° 3.7x10% 1.6x10°
%.0-4.0 - - — - 1.8x10% 1.3 x10% - - - 1.9 x 10°
h.0-5.0 — - — - £.0x310% 3.7 x10% - - - 6.0 x10%
5.0-6.0 - - - - 3.% x10% 1.0x10% - - - 3.3 x10%
6.0-7.0 - - - - 5.6 %10% 1.5 x10% - - - 5.6 %1673

d. Bremsstrahlung

None
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e. Neutrons
4.19 x 10° neutrons sec™ w™t of 2%*Cm from 7, 8, 9
spontaneous fission (half-life for spontaneous
fission is 1.4 x 107 y).
1.51 x 10° neutrons sec™! w™1 of 2%%Cm from 7
(a,n) reaction on oxygen in CmsOs.
3.5 x 10® neutrons sec”t w™t of 2%%Cm from )
estimated maximum of 2%2Cf content of L x 1075 wt %.
The energy distribution of spontaneous fission neubrons L

from #**Cm is given in the following table.

Energy, Abundance,
Mev neutrons sec”t w ' of 2%%Cm
0.3-0.h 1.51 x 10°
0.4-0.6 3.1% x 10°
0.6-0.8 3.20 x 10°
0.8-1.0 2.77 x 10°
1.0-1.2 2.84k x 107
1.2-1.4 2.80 x 10°
1.4-1.6 2.4 5 107
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. 4-2.6 1.58 x 10°
2.6-2.8 1.30 x 10°
2.8-%.0 1.08 x 10°
3.0-3.2 1.01 x 10°
3,2-3.4 0.97 x 10°
3.4-3.6 0.9% x 10°
3.6-3%.8 0.75 x 10°
3.8-4.0 0.79 x 10°
L.o-k.h 1.04 x 10°
by 8 0.86 x 10°
4.8-5.2 0.65 x 10°
5.2-5.6 0.50 x 10°
5.6-6.0 0.40 x 10°
6.0-6.4 2.95 x 10*
6.4-6.8 2.12 x 10*%
6.8-7.2 1.7 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 10°
9.6-10.4 3.1 x 10°
10.4-11.2 2.05 x 10°
11.2-12.8 1.40 x 10®
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A

The energy distribution of neutrons occurring as a
result of the collision of fast alpha particles from
2440 decay with oxygen atoms in Cms0s is given in
the following table.

Neubrons from (¢,n) Reactions with Oxygen

Erergy,
Mev

Abundance,
neutrons sec”t w Tt of #%%cp

O CoONFN

»

N 2SO OO
C ooV

(SISO RN AU RV AV]
O OO =R

AN AN AN AN
O OO

p—
4=

==
N = N

MW S O -

o O

.86

S

®oMX

X

107
102
10°
10°
_LOS

10%
10%
10%
10%

10%

b, Critical Mass

The cribical mass of unreflected and reflected spheres of
2440y gnd 2*%Cnmu05 have been calculated by C.
Jr., at ORNL using the cross-section data available as of

November 1965. The results, shown in the following table,

W.

Craven,

agree within 10% of the results obtained in the replace-

ment experiment at Los Alamos.

tions used are

Cm: M, = 2450/p%

Cm203 :

M

C

= 2370/p%

(kg)

(kg)

The critical mass

equa-

REFERENCE

COLUMN

4
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Calculated Critical Mass of ©%**Cm and S 0ma0s
Core Reflector s Critical
— — Critical .
. Density, e Thickness, radius,
Mixture 3 Mixture mass, kg
g/cm cm cm
Cn? 14.0 Bare - 12.5 5.97
Cme05~ 10.60 Bare - 21.1 7.80%1
Cins0g 9.01 Bare - 29.2 9.1803%
Cm=04 10.60 Au-Ho0 4.0-15.0 11.9 6.4540
Cio0sa 10.60 Au-Hx0 2.0-7.5 13.5 6.7188
Crs0s 10.60 Au-Hs0 0.5-2.0 16.5 7.1966

(@

8assumed composition: 98.07 wt % 2440 and 1.9% wt % 241py.

Compabibillity with Materials of Contaiament

Thermophysical Properties

a. Density
1%.51 g/cm® of metal 11

b. Coefficient of thermal expansion 12 (Am)

ay = 7.5 x 107°/°¢C
o, = 6.2 x 1078/°C

c. Specific heat and enthalpy

(1) Specific heat

0.0270 cal g% °¢™* 13 (Nd)
(2) Enthalpy in cal/mole
Hy — Hy = 6.48 + 3.53 x 1072 7 14 (Na)

+ 1.h9 x 107° 2
(Nd temperature is 0-400°C and t is in °C)

d. Temperatures of phase transformations

(1) Melting point
1340 + L4o°C 15
1350 = 60°C 16
(2) Boiling point
3525 + 130°C 17
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e. Latent heats of phase transformations
AH fusion 3.2 keal/mole (Richard's rule) 17
LAY gopex vaporization 82.6 + 2.7 kecal/mole 17

O,

Vapor pressure
login P = b7k 4 0.37 —[(18,060 + 590)/T] 17

(T is in °K and P is in atm)

Thermal conductivity

0.021 cal em™ ! gec”t °C¢Tt at 26°C 18 (cd)
Thermal diffusivity

0.575 cm®/sec at 26°C

This value was calculated by dividing the product of

the specific heat and density into the thermal

conductivity.

Viscosity

2.5 centipoises at 1340°C 19
Surface tension

500 dyn/ecm 20
Total hemispherical emittance

0.37 at 89°C 21 (Pu)
Spectral emissivity

0.55 22 (Er)

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

Crystallography

Double hexagonal close packed 11
a = 3.496 + 0.00% A ¢ = 11.%331 + 0.00% A

Solubilities

Reacts strongly with water 23

Diffusion rates

Mechanical Properties

a .

Hardness

Vicker's a97.°7 !

)
=

(Dy)
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b. Crush strength
2
TT41 kg/cm 24 (Tm)
8. Chemical Properties
a. Heat and free energy of Tormation, entropy
(1) Heat of formation
Zero — by definition of standard state
(2) Free energy of formation
Zero — by definition of standard state
(3) Entropy
S2gg = 18 cal °C™t mole™* 15
b. Chemical reactions and reaction rates
(1) Oxygen at room temperature — slow 11
(2) Oxygen at elevated temperature — fast 11
(3) Nitrogen at room temperature — very slow 25
(&) Nitrogen at elevated temperature — slow 25
(5) Water at room temperature = fast o3
P
(6) Hydrogen at room temperabture — slow 23
(7) Hydrogen at elevated temperature — fast 23
9. Biological Tolerances
Maximum permissible body burdens and maximum permissible 26
concentrations of ©%%*Cm in air and water are shown in
the following table.
Maximum Permissible Body Burdens and Maximum Permissible Concentrat%ons
for Racionuclides in Air and in Water for Occupational Exposure2
Radionuclide Organ of reference Max permissible Max permissible concentrations, uCi/fen®
and type (critical organ burcen in total For 40-hr week For 160-hr week
of decay under;cored) body, q(uCi) Water Air Water Alr
Bone c.1 2% 107% 9x 107 7Tx1075 3 x 10712
=3&cm Liver 0.2 3 x 107 107t 9 x 1075 4 x 107'R
(so1) Kidney 0.2 4 x 107% 2 x 107t 107% 6 x 10718
(a, 7) Total Body 0.3 6 x 107% % x 1071r 2x 107% 9 x 10712
&I (LLI)® 8 x 107% 2 x 1077 3 x 107% 6 x 1078
Lung 1070 32070
(Insol) § 51 (1p1)® 8 x 107* 1077 5 x 107* 5 x 107°

&ltke abbreviations GI and LLI refer to the gastrointestinal tract and lower large intestine,
respectively.
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10. Shielding Data

Gamma dose rates with water, iron, lead, and uranium
shielding are given in Figs. 1~-5 for 2440 power sources
of 100, 200, 500, 1000, 2000, 5000, 10,000, and 20,000 w.
Neutron dose rates with water shielding are given in
Fig. 6. Neutron dose rates on shielding with Re, CH,
CHz, or LiH can be estimated by using Fig. 6 in con-
Junction with Fig. 7.

104 ORNL-DWG 63-8315

N N . — e
A .

F .y ~
% - =Y N - POWER IN WATTS —-
£ AN NSO o~
= A WAV N =X :
;E \ NN M - o~ 70,000
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Fig. 1. Gamma Dose Rates from Unshielded Isotopic
Power Sources of Curium-2LL4 2g a Function of Distance from
Center of Source.
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B. CURIUM SESQUIOXIDE (CrwOs)
1. Composition
a. Radionuclidic abundance
See Section IL.A.l.a.
b. HKadiochemical purity
See Section T.A.1.D.
c. Chemical purity
See Gection IL.A.l.c.
d. Phase composition of various curium oxides 252
Cr0z. 00 Cm0y L s2-1 .52 (C~type)
CmO1 .82 (Cms0yy ) CmO1 .50 (B~ and A-type)
€m0y .71 (CmyOiz)
2. SHpecific Power
a. 2.46 w/g of 100% pure Cmz0a (86.5% =*%Cm isotope) b, 5,6
2.%5 w/g of 97% pure Cmz0z (83.9% #**Cn isctope)
b. Specific power values are based on 81.3 ¢ 1/g of
pl -
Q440m,(100%) isotope and 34.95 w/kCi of ‘44Lm.
4. Radilation
The radiation is given under Section I.A.5.
h. Critical Mass
See Section I.A.4.
5. Compatibility with Materials of Contalnment
ee ORNL-4359, Compatibility Data Sheets for Cerium~1hi,
C esium~-137, Curium, and Strontium-90 (classified).
6. Thermophysical Propertie
a. Density (calculated from lattice parameters)
¢-type (bee) 10,70 é/”m at room temperature 29
B-type (monoclinic)  11.67 g/cm at room temperature 29
A-type (hex) 1.4 ¢ /(m at 1640°C 29

1L.1 h/(‘m at 1750°C
11.0 g/em® at 19107C
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Coefficient of thermal expansion
B-type (monoclinic) Cms0s 29, 30, 31
0.60% over 25~680°C
0.85% over 25-940°C
1.4% over 25-1300°C
Specific heat and enthalpy
(1) sSpecific heat in cal g™t °¢™*

3.7 x 1072 + 2.91 x 107°7 (°K) 3% (Ams0s)

(2)

Enthalpy

Temperatures of phase transformations

(1)

(2)

(3)

(4)

Phase transitions

C=type Cms0s (bee) transforms irreversibly to 29, 31, 32,

B~type Cms04 (monoclinic) between 800-1200°C 3h, 35

depending on degree of crystallinity of cubic
form.

B-type Cms0s5 (monoclinic) transforms 29, 31,
reversibly to A-type Cms0s (hex) at 1600°C. 34, 35
Melting point

2265 + 20°C 16, 36
2180 + 20°C (production oxide) 16, 36
2230 + 25°C (SRL production, Batch 1) :
Boiling point

2700 + 200°C 22, 27
Thermogravimetric analytical work on the 27, 28
decomposition of CmOs to Cms0s at SRL con- 32, 36

firmed previous work at ORNL and indicated
some variatlons from earlier SRI results.
Stable oxide phases and temperature ranges
of stability in various atmospheres are:

Range of stability in
indicated atmosphere, °C

o s T AR
hase Composition Oxygen Helium % Ho

9% He

CmOz CmOsz .o <400 <400 <250

CmgOy1 CmO1 83 Hh0-450 Unstsble Unstable

Cro701 5 CmO; .71 L60-720 450-520  Unstable
CIHQO?,

C-type  CmO;.s2-1.s2 T750-870% 600-900  530-750

B-type CmO1.s0 >850 >050 >350

8Heating terminated at 870°C.

52,
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CURIUM SESQUIOXIDE (Cma0s)

e .

2

h.

Latent heats of phase transformations

MH fusion 29 kecal/mole (Richard's rule)
M1° vaporization  133.0 4 2.7 keal/mole of gas
between 1600 and 2250°C

Vapor pressure

logio Py (atm) = 7.%2 (+ 0.26) —

at 1800-2600°K, where Pp is
of Cmz05(g). The vapor spe

29,050 (& 590)

T (°K)

n artificial pressure

a
cies in the vaporization

reaction are unknown. Pp 1s related to fhe actual
vapor pressure by a proportionality constant, k,
given as follows for vaporization fto other gaseous

speciess:

AL15 for CmO (e

b
"o
o
Cour
&
&

for Cmfg
- for Cm(g

o
!

‘,_l

.
o

=

b

Pong

Thermal conductivity

1 g

= 1.567 for CmO(g
)

)

C0=(g)
0(g)

Thermal conductivity, Mclar heat capacity, Temp,
cal em t sec”t °¢7t cal °C™t mole™* e
0.0034T 31,50 27
0.00378 55,00 127
0.00389 3632 527
0.00392 4o 26 527
0.00%99 41.80 7o
0.0039% L3, 06 o927
0.0039% L o2 1127
0.00388 hh .80 13527
0.00384 hs 1k 1het

These values were calculated Trom

sivities of Chikalla.>®

The densi
pellet was assumed to remain constant at 11.24 g/cmg.

the thermal diffu~

REFERENCE
COLUMN

22, 35, 37

ty of the hot-pressed

Values of the molar heat capacities assumed for

2440m are those of PusOs.

Thermal diffusivity

Thermal diffusivity, Temperature,

cm™/sec °C
0.005% 27
0.0052 127
0.004g 227
0.00kT 52T
0.004k6 727
0. 0044 927
0.0043 1127
0.0042 1327

0.00U1 1ho7

29
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h. Thermal diffusivity (continued)

Preliminary data on a hot-pressed (30 min at 1380°C)
Cmp0s pellet having a density of 11.24% g/em®.

i. Viscosity
J+ Surface tension
k. Total hemispherical emittance

1. BSpectral emissivity
0.20 to 0.57 22 (ThOs)

The precise value 1s a function of the roughness of
the material surflace, the presence of impurities,
and the effects of radiation.

m. Crystallography

Body-centered cubic, C-type rare-carth oxide Lo, b1
structure with variable lattice parameter,
produced by reducing CmOso.

a = 10.922 * 0.001 (CmO; ga) to
10.997 £ 0.00% (CmO, .s5) at room temperature

Hlexagonal, H-type rare-carth oxide structure, 30
obtained by irreversible transformation or reactlon

of B-type CmoOs on noble metals on heating at 1500°C.

a = %.863 £ 0.01 A at 1750°C on Ir

c = 6.174 £ 0.001 A at 1750°C on Ir

Cubic with superstructure, related to becc structure 29

of C-type Cmpls, possibly CmOy  s», obtained by heat-
ing CmOo between 470 and 700°C in oxygen (1 atm).

a = 5.450 £ 0.001 é.at room temperature after 470°C in Os
a = 5.461 £ 0.001 A at room temperature after T700°C in Os
Cubic, related to fee structure of CmOp, possibly 29

CmO1 ga, obtained on heating at 450°C in oxygen.
[s]
a = 5.435 £ 0.001. A at room temperature
Supporting data on crystallography of Cms0Os. 30, 32

n. Solubilities

Inscluble in water 23

o. Diffusion rates

Helium release from 244Cm203 microspheres and pellets Lo
has been correlated Lo obtain the "apparent diffusion
coefficients" for microspheres in the range of 390 to
1200°C and for pellets in the range of 1100 to 1400°C.



CURTUM

SESQUIOXIDE (Cris0s)

0. Diffusion rates

(continued)

Helium diffusion coefflclent, Temperature,
e /sec °C
Microgpheres

L.1 x 107%° 390
1.7% x 107° 600
2.7 x 107° 800
4.1 x 107 1000
2.58 x 1079 1100
2.77 x 1079 1200
3.45 x 1079 1200

5 b4
5.8 x
i X
5 X

Mechanical Properti

Cylindrical Pellets

1078
1078
107°
1073

5

Chemical Properties

a. Heat and free energy of formation, entropy

(1) Heat of formation

-AHE (298°K), keal/mole

Phase

CmOy. .50
C-(HOJ__ ST
CmO1 .83
CmOz ., 0o

1100
1200
1300
1400

e}

NN

1

10 (est)
10 (est)
8 (est)

oo
-+

e GO

N3
=+ i+

—~
n
N

Free

energy of

formation of CmO, so

AG; (268°K) = -205 * 7 kcal/mole (calc)

(3) Entropy of

Q
Szes

= 19.4 =u

CmQ 1

.50

REFERENCE
COLUMN

37

bl

Ly

32, 37

b
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b. Chemical reactions and reactlon rates
(1) Oxidation of B-type CmsOs in oxygen (1 atm) 16, 30, 31,
o 32, 35
Heat1n§ Time Result ’
temp, C
75 4 hr No oxidation
ING! 4 hr No oxidation
220 8 hr 80-90% oxidation to CmOs
290 2 hr Complete oxidation to CmOs

300 10 min  Oxidation to 40% Cm;0.5-60% CmOo
360 30 min Complete oxidation to CmOs

450 15 min Complete oxidation to CmO; ;2
480 15 min  Complete oxidation to CmO; -1
505 b nr 70-80% oxidation to CmQ; 71

530 2 hr <10% oxidation to Cm0, 71

570 2 hr No oxidation

750 4 hr No oxidation

&The intermediate phase CmOjy -1 is produced at
somewhat lower temperatures (450°C) by reoxida-
tion of CmeOs rather than by thermal decomposition
of CmOs (L70°C).

(2) Nitrogen — no reaction 23
(3) Water — possible hydration reaction 23
(4) Inorganic acids — soluble in acids 23

9. Bioclogical Tolerances

Maximum permissible body burdens and maximum 26
permissible concentrations of 2440 in air and
in water are given under Sectlion I.A.9.

10. Shielding Data

The dose rates are given under Section I1.A.10.
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C. CURIUM OXYSULFIDE (Cmo0-3)

1.

Composition
a. Radionuclidic abundance

See Jection IL.A.l.a.

b. Radiochemical purity
See Section I.A.1.D.

c. Chemical purity

See Section I.A.l.c.

Specific Power

a. 2.39 w/g of 100h pure Cmz0nS (84.1% “*#Cm isotope)
2.32 w/g of 97% pure Cup0sS (81.6% #4*Cn isotope)

b. BSpecific power values are based on 81.5 Ci/g of
2%%0m and 34%.95 w/kCi of #**Cm.

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

Critical Mass

ge Section I.A.4.

2

Compatibility with Materials of Containment

Thermophysical Properties

a. Density
9.95 g/em®

b. Coefficient of thermal expansion
0.60% over 25-680°C
0.85% over 25-940°C
1.4% over 25-1300°C

c. Specific heat and enthalpy
(1) Specific heat in cal g~* °c”%

3.62 x 1072 + 2.83 x 107°7 (°K)

(2) Enthalpy

REFERENCE
COLUMI

46 (Pus0s8)

29, 30, 31
(Cmz0g)

33 (AmpOg)
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CURIUM OXYSULFIDE (Cmo0sS)

d.

Jije]

.

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 keal/mole

Vapor pressure

Thermal conductivity

Values for the thermal conductivity of curiunm
oxysulfide have not been derived but probably are
in the same order of magnitude as the values for
Crp0s which are given in Section I.B.6.g.

Thermal diffusivity

Values for the thermal diffusivity of curium
oxysulfide have not been derived but probably are
in the same order of magnitude as the values for
CmsOs which are given in Section I.B.6.h.

Viscosity
Surface tension
Total hemispherical emittance

Spectral emissivity
0.20 to 0.57

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

Crystallography

Hexagonal

)

e - 4.008 A ¢ = 6.769 A

The cell constants should be slightly smaller for
Cms0-S due teo the actinide contraction.
Sclubilities

(1) Socluble in strong acids (Ces029)

(2) Insoluble in acetic acid (Cez0sS)

REFERENCE
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b7 (Cex025)

55 (ATOQOB )

53 (Am203 )
3% (Anz0z)

38 (Cmz03)

39 (Cmz03)

oo (ThOz )

hé (PHQOQS )

L8



CURIUM OXYSULFTIDE (Cmo0ss)

10.

o. Diffusion rates

Mechanical Properties

a. Hardness
b. Crush strength

Chemical Properties

a. Heat and free energy of formation, entropy
(1.) Heat of formation
AHS = -430 keal/mole (approximated by Cez028)
(2) Free energy of formation
NFL = -414 kecal/mole (calculated by
OFL = AHS — TAST )
(3) Entropy

=z

5208 = 4.3 eu (calculated by Latimer's method)

b. Chemical reactions and reaction rates
(1) Air at room temperature =— slow
(2) Alr at elevated temperature — fast
(3) Water at room temperature — no reaction

(4) Inorganic acids at room temperature — reacts

Biological Tolerances

Maximum permissible body burdens and maximum
rermissible concentrations of Z%%0m in air and
in water are given in the =4%0m Metal Source
Form, Section I.A.9.

Shielding Data

The radiation dose rates are given under the Z%%Cm
Metal Source Form, Section I.A.10.

BEFERENCE

COLUMIN

Wt

b9

46
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D. CURIUM FLUORIDE (CmFg)

1. Composition

a. Radionuclidic abundance

See Section T.A.1l.a.

b. Radiochemical purity
See Section I.A.1.Db.

c. Chemical purity

See Section 1.A.l.c.

2. Specific Power

a. 2.19 w/g of 100% pure CmFg (77.1% “**Cm isotope)
2.12 w/g of 97% pure CnFg (74.8% #**Cm isotope)

b. Specific power values are based on 81.3 Ci/g of
2440y (100%) and 34.95 w/kCi of “**Cm.

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

4. Critical Mass

See Section I.A.h4.

5. Compatibility with Materials of Contalnment

6. Thermophysical Properties

a. Density

9.80 g/cm®

b. Coefficient of thermal expansion
a = 19.74 x 107% + 2.62 x 1072 ¢ + 0.15 x 10710 ¢2
(t is in °C with a temperature range of 26-296°C)

c. Specific heat and enthalpy
(1) Specific heat in cal g™t °c™*
7.21 x 1072 + 2.06 x 107° T (°K)
(2) Enthalpy in cal
Hp — Hoge = 21 T + 3.5 x 1077 72

(estimated from other actinide data)

REFERENCE
COLUMN

50

51 (Baf's)

33 (AmFg3)

32



CURIUM FLUORIDE (CmFa)

d.

&)

L)
.

Temperatures of phase transformations
(1) Melting point

1hosoc
(2) Boiling point

2330°C

This value is the average of the boiling

points of LaFg, CeFs, and Pris.

Latent heats of phase transformations
AH fusion 9 keal/mole
AH vaporization 62 keal/mole

Vapor pressure

Vapor pressure, torr Temperature, °C
5.07 x 1077 853
7.18 x 1078 L3
1.486 x 1074 10%%
1.725 x 1073 11k
5.820 x 1075 1196

Vapor pressures are for AmFg.

Thermal conductivity

Thermal conductivity, Temperature,
cal em™t sec”t °¢t °c
0.0296 0
0.0251 100

Thermal diffusivity

Thermal diffusivity, Temperature,
em®/sec °C
0.03%99 0
C.03%21 100

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

thermal conductivity.
Viscosity
Surface tension

Total hemispherical emittance

A value of 0.9 can be assumed.

Spectral emissivity

REFERENCE

COLUMN

NS
N

1k

3% (CeFga)
33 (Cels)

5k (RaFyz)
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m. Crystallography
Hexagonal, LaFg-type, space group PH/mme 55
a = .0kl + 0.001 A ¢ = 7.179 + 0.002 A
n. Solubilities
0. Diffusion rates
7. Mechanical Properties
a. Hardness
b. Crush strength
8. Chemical Properties
a. Heat and free energy of formation, entropy
(1) Heat of formation
PHg = -35T keal/mole 15

1.

(estimated from other actinide data)
(2) Free energy of formation

AF% = —559 kcal/mole 15
(3) Entropy

S39s = 29 eu (estimated from other actinide data) 33

b. Chemical reactlions and reaction rates 23
(1) Air at room temperature — no reaction
(2) Air at elevated temperature — forms oxyfluoride
(3) Nitrogen — no reaction
(k) wWater — insoluble

(5) TInorganic acids — insoluble in weak inorganic acid

Biological Tolerances

Maximum permissible body burdens and maximum 26
permissible concentrations of 2%%Cm in air and
in water are given under Section I.A.Q.

Shielding Data

The dose rates are given under Section 1.A4.10.
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IT. CURIUM-2k2
A. CURIUM=-242 OXIDE CERMET Half-life: 163 4
1. Composition
a. Radionuclidic abundance

The composition of the product will depend on the
irradiation history of the 2*lAm target as well as
the cooling time after removal from the pile. The
product is expected to be at leasgt L% 242cm. TIf
it is not this high, an Am-Cm separation is used to
lower the americium content of the product.

The analysis for a typical batch of #*'aim with a
total integrated neutron dose of 1.3 x 101 and
with a 90-day cooling and processing period (with
211l the plutonium removed) is as follows:

TIsotope % Abundance
241, h7.5
242 am 1.6
248, 7.7
2420m k1.9
2430m 0.5
2440 0.8

The decay of 2%*2Cm to #%8pu is illustrated in the
following table. A 10-g product with 40% 242Cm and
60% other actinides is assumed. The decay is shown
for 163 days.

Time, days gégcml =5 238Pu, g
0 4. 00 0
16 3.73 0.27
b %.48 0.52
65 3.0% 0.97
81.5 2.8% 1.17
98 2.46 1.54
163 2.00 2.00

The oxide mixture will be AmO, and Cms04. Thig will
be suspended in a neutral matrix material to give
the prescribed power density:

20 vol % oxide mixture
70 vol % matrix material

REFERENCE
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CURIUM-242 OXIDE CERMET

b. Radiochemical purity

The only important heat contributor to the
The following table shows

source material is 2%2Cm.

2420m

REFERENCE
COLUMN

56

the contribution of each isotope to 10 g of the

oxide mixture.

Heat Contribution of FKach Isotope of the 2420m Product

Nuclide Hglfa Spe?ific % of Heal contribution

life activity, w/g nuclide yattg %
24lam 458 y 0.106 L7.5 0.50 0.1
PEam 152 y 0.0%h 1.6 0.05 0.01
243y 7650 y 0.006 7.7 0.005 0.001.
242om 163 4 120.0 41.9 502.8 99.8
243cm 32 y L.Ly 0.5 0.07 0.015
24%cnm 18.1 y 2.78 0.8 0.22 0.05
2%¥py 89 y 0.55

The “%*2Cm product has contained up to 30 Ci of 144ce

per 8.3%% g of “*=Cm.

Trace amounts of T°%Ru~+°®Ru and

®57r-25Nb have been found in the feed but do not con-
tribute materially to the power or radiation of the source.

The above contaminations can be reduced to much lower

levels by additional processing.

2. Specific Power

a. 42.8 w/g of AmOs-Cmz0s (35.7% “*5Cm metal)

It is assumed that there are 3320 Ci/g of Z*3Cm 8
aad 36.1 w/kCi of Z*2Cm.

1186 Cci of #*2Cm per gram of AmOs-CmaOs (35.7% 7
2420m metal)

5. Radiation

a.

Alpha particles T
. Max E, Av E, Abundance, . Particles
Nuclide — - Mo % w/kCi w1 sea-1
2420n 6.11 6.11 3.7 / 0.755 x 107
P 30.10 ;
6.066  6.066 26.% { 0.270 x 102
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a. Alpha particles (continued)
The amount of helium produced by alpha decay of 2420
as a function of time is given in the following table.

YVolume of helium,a Time
cm® of He per g of =420m Days Half-lives
11.9 32.6 0.2
o0 L 65.2 0.4
515 97.8 0.6
30 L 1%0.4 0.8
L6 .3 163 1.0
59.8 ok 1.5
69.4 326 2.0
80.9 489 5.0
BELT 652 k.o
89.6 815 5.0
924 1630 10.0
#Standard conditions.
b. DBeta particles
None
c. Gamma
In sddition to the gammas from the alpha decay, there 7

are the prompt and Tission-product gammas from the

: . . 240 -
spontaneous fission of “*¥Cm (Ty1/z = 7.2 x 10° y).
The gamma~emlssion rates are given in the Tollowing
table.

Gamma-emission rate,a Photon energy,
photong sec™ g™t Mev

Curium-242 Gammas

0.27 x 10** 0. 0kk
1.k2 x 1019 0.10
2.8% x 10° 0.158
Prompt Gammeas
2.4h 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
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Gamma-emission rate,a Photon energy,
photons sec™t g™t Mev
Fission-Product Gammas
2.16 x 107 0.6%
7.99 x 10° 1.1
9.36 x 10° 1.55
1.80 x 10° 2.38
2.66 x 10° 2.75
8120-w source.
d. Bremsstrahlung
None
e. Neutrons
2.30 x 107 neutrons sec™! g ™t of *3Cm from 7

spontaneous fission (120-w source)

2.0 x 107 neutrons sec™ g™t of #*=Cum from (@,n)

reaction of oxygen in CmeOs (120-w source)

The energy distribution of spontancous figsion neutrons L
from “*2Cm 1is given in the following table.

Spontaneous Fission Neutrons from Curium-242

Energy, Abundance,a

Mev neutrons sec”t g™t of £%2cp

103
10©
10°%
108

108
10°
108
108
108

10°
x 10°
10°
10
10°

10°
10°
10°
10°
10°

!

H
N
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H ! i

H

1
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Spontaneous Fission Neutrons (continued)

Inergy, Abundance,a o

Mev neutrons sec™t g7t of %3¢y

hoo-b .k 5.2 x 10°

ool .8 bobox 10°

4.8-5.2 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 4.t x 10%

8.0-8.8 5.0 x 10%

8.8-9.6 1.5 x 10%

9.6-10.4 1.6 » 10%

10.4-11.2 1.0 x 10%

11.2-12.8 7.1 x 10°
a120-w source.

The energy distribution of neutrons occurring as a i

result of a collision of fast alpha particles from
242 : ) . L X

420m decay with oxygen atoms in Cms0s i3 given in
the Tollowing table.

Neutrons from (@,n) Reactions with Oxygen

Energy, Abundance,a
Mev neutrons sec™t g™t of F42(n
0.2 5.0 x 102
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.h 2.8 x 10°
1.6 b x 10%
1.8 7.6 x 105
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°
%,0 2.1 x 10°
3.2 2.1 x 10°
3.4 1.8 x 10%
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(6

7.

Neutrons from (@,n) Reactions (continued)

Energy, Abundance,

_— s 4.2
Mev neutrons sec”t g™t of £%*(m

108
10°

10°
10°
10°
10°
10%

>

1.
]

B R UVARY
OOV O OO
N &= ON
OO O

B hd b

U
o

8100-w source.

Critical Mass

Compatibility with Materials of Containment

See ORNL-4359, Compatibility Data Sheets for Cerium-lhh,
Cesium-137, Curium, and Strontium-90 (classified).

Thermophysical Properties

The thermophysical properties of a 24200 oxide cermet will
depend on the individual properties of the oxide and malrix
material. With the selection of the proper refractory metal
as the matrix material, it should be possible to reach a
0.06 cal cm™* sec™ °C™' thermal conductivity for the cermet.

Mechanical Properties

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

Chenical Properties

The chemical properties will depend on the individual
properties of the oxide and matrix material.

Biological Tolerances

The 2%2Cm tolerances taken from reference 26 are given 26
in the table on the following page.
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Maximuw Permissible Body Burdens and Maximum Permissible Concentraggons
for Radionuelides in Adr and in Water for Occupationzl Ixposure"
Radionuclide Organ of refersnce Max permissible Max permissible concentrabions, uCi en”
and bype (eritical organ purden iu fotal For 40-hr week For 168-hr week
of decay underscored) body, q(pCi) Water “Air Water Adr
gr (Lrr)® : T x 107* 2y 1077 2 x 107% 5 x 107®
oan Liver .05 3% 1073 1070 9 x 107% 4y 107it
“5atm o z -8 g -
s (s01) { Bone 0.09 5% 1073 2 ¢ 10739 2 x 1078 8 g 071!
(o, 7) Kidney 0.2 9x 10°% 4 x 10710 3y 1078 1071¢
2
Total Body 0.2 0.0L 6 x 10710 g x 1078 2 x 10710
Lung 2 % 1071° 6« 107+
Tnaol ) g o o - N - "
(Inso1) 7§ oy (LLL)® Tx 107% 1077 %y 107 b i 1078

The sbbreviations GL and LLI refer to the gastrolntestinal tract and lower large iutestine
respectively.

10.

ohielding Data

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

shielding are given in Figs. 8-12 for 242Cmpower s0Urces
oft 100, 200, 500, 1000, 2000, 5000, 10,000, and 20,000 w.
Neutron dose rates with water shielding sre given in Fig.
15. Ueutron dose rates on shielding with Be, Ch, CHs, or
LiH can be estimated by using Fig. 1% in conjunction with

Pig. 7.
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