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STRONTTUM-90 DATA SHEETS

T. FUEL FORM (as processed) REFERENCE COLUMN

A. STRONTIUM-90 METAL HALF-LIFE: 28.0 y 1

1. Composition

.

Radionuclidic abundance

Isotope % Abundance 2, 3
YOy 55.0
885y hs.9
5Ssr 1.1

These values were obtained by 2 mass-
spectrometric asnalysis of fission-product
strontium. Average molecular weight of
fission-product strontium is 89.08.

Radiochemical purity

The principal radionuclide other than 2°Sr

is ®¥sr (Tl/g = 50.4 d), whose content dependg
on the length of time since reactor discharge,
as shown in the following table.

03 ~ { N G 3 . 3
Calculated Ratiocs of 89br/‘)USr Activities
as a Function of Cooling Time Since Reactor
Discharge With an Irradiation Time of 200 Days

Cooling time, Ratio of activities
days 89Sr/gOSr
50 29
100 15
200 4.0
300 1.10
400 0.30

The ratio of ©98r to Z9Sr activities will decrease

by a factor of ~2.0 for each 50 days of cocling
time.
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STRONTIUM-90 METAL

REFERENCE COLUMN

. cx oK
¢. Chemical composition

(1) Range of composition

Cation Maximum, wh % Minimum, wt %
Sr o7 92
Ca 5 2
Ba 2 0.5
Mg 2 ¢

One gram of 2053y will produce an average
of 0.0232 g of Z%/r after one year's decay.

(2) Average chemical composition

Cation Metal, wt & Metal, atom %

Sr 95 % .69
Ca 3.5 1.60
Ba 1.0 1..57
Mg 0.5 0.14

The **%*Ce constitutes 0.03% of the radioactivity
at & maximum. Cesium-137T has been found to be as
high as 0.003% of the total activity. Ruthenium-
106 has not been found in the strontium feed.

2. Specific Power 2, 4, 5

a. 0.529 watt/g of 100% strontium metal (55% 9OSr)
0.503 watt/g of metal (95% Sr—5% Ca, Ba, Mg)

It is assumed that there are 142 curies/g of
©03r and 149 curies of 993y per thermal watt.

b. 78.1 curies of 99y per gram of 100% strontium
metal (55% Z°Sr)
Th.2 curies of 2%Sr per gram of 95% strontium
metal

5. Radiation

a. Alpha particles ~ none

*Results of analyses on strontium titanate feed samples of the Fission
Products Development Laboratory at Oak Ridge National Laboratory.



STRONTTUM~00 METAL

REFERENCE COLUMN

b. Beta particles 4, 6

Max E, Avg B, Abundance,

Nuclide Mev Mev % w/kilocurie Particles w™' sec”!
YOsy  0.545  0.20 100 1,184 5.5 x 1012
20y 2.27 0.9hh 100 5.588 5.5 x 1012
Total power 6772
c. Gamma — none
d. Bremsstrahlung h, 6

The high-energy bremsstrahlung photons from
P95y and ¥9Y in matrices of Sr0 and SrTiOg

are given in Appendix 1 (Tables 1-4). Sources
of P95r-9°V activities require slightly more
shielding than sources of 127Cs-1""Ba activities
because of the high energy of some of the brems-
strahlung radiation from ¥°Y which emits a
2.27-Mev beta particle.

e. Neubtrons — none

4, Critical Mass

Strontium-90 and Y0y are not fissionable.

5. Compatibility With Materials of Containment

See USAEC Rpt. ORNL-4189, Compatibility Data
Sheets for Cerium-144, Cesium-137, Curium,
and Strontium~00 (classified).

6. Thermophysical Properties

a. Density

The theoretical density is 2.6 g/em® for T

strontium element and 2.55 g/em® for 95% Sr,
3.5% Ca, 1.0% Ba, 0.5% Mg.

b. Coefficient of thermal expansion

2.0 x 107>/°¢ 8



STRONTIUM-90 METAL

REFERENCE COLUMN

¢c. Specific heat and enthalpy
(1) Specific heat
0.0719 cal g™t °c™t (25°0) 9

(2) Enthalpy in calories/mole
Hp - Hags = 5.31 T + 1.66 x 1072 7% - 1731 10
(298-862°K)

Hp - Hoge = 9.12 T ~ %582 (862-10k3°K)
AH transition = 200 calories/mole at 862°K

d. Temperatures of phase transformations
(1) Melting point - 7T72°C
(2) Boiling point — 1372°C

e. Latent heats of phase transformations

A transition (@ — 8) = 200 calories/mole (589°C) 10
AR fusion (772°C) = 2400 calories/mole 10
AH vaporization (1372°C) = 33,200 calories/mole 9

f.  Vapor pressure

Atmosphere Temperature, °C
5 x 107 227 11
8.7 x 107% T2

0.129 1127

0.585 1527

1.9 1527

.84 17eT

4]

Thermal conductivity

cal cm™t! sec”t °¢T? Temperature, °C
0.3 20 12 (Ca)
0.385 100 13 (Be)
0.290 300
0.24h7 500

0.206 700
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STRONTIUM~90 METAL

3.

Il.

REFERENCE COLUMN

Thermal diffusivity

gg?fsec Temperature, °C
1.64 20

This value was calculated by dividing the thermal
conductivity by the product of the specific heatl
and the density.

Viscosity

Surface tension

g = 165 dyn/em

Total hemispherical emittance

Will vary from 0.25-0.80 depending on the state
of the sample, such as oxide coalbing, impurities.

Spectral emissivity

Can also vary as sbated above.

Crystallography

o B 7
fee 215°C hep 605°¢C bee
o] Q
a = 6.085 A a = 4.32 A a = 4.85 &
Q
c = 7.06 ]

Solubilities

Strontium metal reachs vigorously with water

Diffusion rates

Mechanical Properties

a.

bh.

Hardness

16-18 (Brinell)

Crush strength

Chemical Properties

8.

Heat and free energy of formation, entropy
(1) Heat of formation

Zero — by definition of standard state

1k, 15

16

11, 17

11

12 (ca)



STRONTIUM-90 METAL

REFERENCE COLUMN

(2) Free energy of formation

Zero — by definition of standard state

(3) Entropy
S3g9s = 12.5 eu 18
. Chemical reactions and reaction rates

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

(1) Oxygen — fast 2, 19
(2) Nitrogen at room temperature — no reaction
(5) Nitrogen at elevated temperature — reacts
(4) Water — reacts
(5) Inorganic acids — reacts
9. Biological Tolerancesg
The Z°Sr tolerances taken from Ref. 20 are 20

given in the table on the following page -

10. Shielding Data

See the sections under Strontium Titanate, I.B.10,
and Strontium Oxide, I.C.10, for shielding data.



Maximum Permissible Body Burdens and Maximum Permissible Concentr Egons

for Radicnuclides

T L

in Alr and in Water for Cccupaticnal Exposure

Urgan of reference

Radionucliide and {critical organ

Mex., permissible
turden in total

Maximum permissible concentrations, ue/cm™
For 40-hr week For 168-hr week

type of decsay underscored) body, qfue) Water Alr Water Air
3851 (™) Bone 2 L x 108 3 x 10710 158 1010
(Solj< Total Body 20 1075 9 x 107 4 x 10" 3 x 10-3°
Lo (1) 103 3 x 107 5 x 10°% 1077
- Lug 5 x 10-° 2 x 10-®
(Insol) 9 or (rpn)* 1073 2 x 1077 4 x 107* ¢ x 108

* - . . . . .
The wbbrevigtions 08I and LLI refer to the gastrointestinal tract and lower large intestine, respectively.



REFERENCE COLUMN

B. STRONTTIUM TITANATE (SrTiOs)

1. Composition

a. Radionuclidic abundance
The radionuclidic abundances are given in
Section I.A.1.

b. Radiochemical purity
The radiochemical purity is given in
Section 1I.A.1.

¢. Chemical composition¥
(1) Range of composition

Cation Meximum, wt % Minimum, wt %
2 / 2 Vi

Sr 97 92
Ca 5 2
Ba 2 0.5
Mg 2 0]

One gram of POg8r will produce an average of
0.0232 g of 907y after one year's decay.

(2) Average chemical composition

Metal Content, Titanate Content,
oxide wt % compound Wt %
Sro 52.5 Srli0s 92.5
Cal 2.% CaTiOs 5.6
BaO 0.5 BaTiOs 0.8
Mg0 0.4 MgTi04 1.1
Ti05 P

The strontium metal content of pure fission-
product SrTiOgz is 48.16%.

The strontium metal content of average fission-
product SrTiOs is 44.55%.

The as-processed SrTiOs will contain 2L.5% ©°Sr.

The 1%%*Ce constitubes 0.03% of the radicactivity

at a maximum. The 7 'Cs has been found to be as

high as 0.003% of the total activity. The 1°®Ru
activity has not been found. These activities can

be neglected compared to the bremsstrahlung radiation.

*Results of analyses on strontium titanate feed samples of the Fission
Products Development Laboratory at Oak Ridge National Laboratory.



STRONTIUM TITANATE (S8rTi0s)

1

REFERENCE COLUMN

Specific Pover 2, h,
a. 0.2525 watt/g of pure SrTilsz (26.5% “98r metal)

0.2335 watt/g of average S5rTiOp (24.5% Z9Sr metal)

It is assumed that there are 142 curies/g of

90a

- 20 ,
Sr and 149 curies of Oy per thermal watt.

b. 37.6 curies of ®YSr per gram of pure Sr1i0s
(26.5% ®9Sr metal)
34.8 curies of 298¢ per gram of average SrTi0Oq
(2k .54 298r metal)

Radiation

The radiation will be the same ss given under
Section I.A.3.

Critical Mass

Strontium~90 and 9%y are not fissionable.

Compatibility With Materials Containment

The following results were obtained on S5rTils. 21
Contailner Maximum penetration, mils
material 168 hr 500 hr 1000 hr

87105 — 1000°C

Haynes 25 Traces 0.1 0.2
Molybdenumn No attack  No attack No attack
Nionel 1.5 1.7 2.0
Tungsten Traces 0.2 1.5
TZM No attack  No attack  No attack

SrTi0s — 1850°¢

Molybderum No attack  No attack  No attack

Niobium No attack - No attack
Tantalum No abtack Traces 3.0
Tungsten No attack - No attack
TZM No attack Traces 5.0

Thermophysical Properties

a. Density

5.11 g/cm® =~ density of pure SrTiOgz 22

5.03 g/em® — density of average SrliOs

5
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STRONTLIUM TITANATE (SrTiOg)

REFERENCE

COLUMN

b. Coefficient of thermal expansion

@ = 11.2 x 1079/°C  (100-700°C)

c. Specific heat and enthalpy

(1)

Specific heat in cal g7t egl

0.154% + 1.11 x 107° T - 2.49 x 10® T

~2

(T is in °K)

(2) Enthalpy in calories/mole

Hp - Hoen = 28.23 T + 0.88 x 1073 72

+ k.66 x 10° 77t - 10,058

(T is in °K)

d. Temperatures of phase transformations

(1) Melting point — 1910°C

(2)

Boiling point - 2500-3000°C

e. TLatent heats of phase transformations

AU fusion (not available)

AH vaporiation 71 kcal/mole

(calculated from Trouton's rule)

f. Vapor pressure

g. Thermal conductivity

(1)

Sr0:Ti0z = 1.00

The following equation was derived from data
by a method of least mean squares. The data
covered the range %50 to 900°C. Useful
range of equation is 200 to 1400°C.

1/k = 55.76 + 0.0673T °K cal cn™* sec™t °C~

Temperature, Thermal conductivity,*
°c cal em™t sec™t °CgTt
200 0.011h £ 0.0015
400 0.0099 * 0.0003
600 0.0088 + 0.0001
800 0.0078 + 0.0001
1000 0.0071. %+ 0.0002
1200 0.0065 % 0.0003
1400 0.0060 % 0.0003

*Determined on theoretically dense pellets of

stoichiometric Sr10s with a composition of

22

ol

N
N1

-3

26
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STRONTIUM TITANATE (SrTiOg)

Fig.

1.

51.03 wt % 8r0, 1.92 wi ¢ BaO, 2.42 wt %
Ca0, 0.28 wt % MO, and M+.35 wt % Ti0p
simulating a freshly prepared Hanford
product. These values replace those
reported in ORNL-4%131.

Thermal conductlvity of wvarious
Sr0-Ti0e compositions

The curves in Fig. 1 were obtained by
interpolating the data for bthe stoi-
chlometric 3r0, SrpTiOs, SrTi0s, and
7105 .

26 and 27

ORNL, TWG. 67-7956

0 .04

Q.0 2p—

0.010p—

0. 00g—-

Therme! Conductivity, cal/sec ¢m °C

200°C

1000°¢C
1200°C
0.008f2= 1400°.L
0.004 —
Sr0 StoTi Og Sr Ti Oy
0.002 I l l
Q 10 20 30 40 50
Ti 02 , wt %o

Thermal Conductivity of Various Sr0-TiO- Compositions.
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STRONTIUM TITANATE (Sr1i0s)

REFERENCE COLUMN

n. Thermal diffusivity

Temperature, Thermal diffusivity,*

°C Cm?/sec

200 0.0151

Loo 0.0124

600 0.0107

800 0.0093%
1000 0.0083
1200 0.0075
1400 0.0068

*These values were calculated by dividing the
thermal conductivity by the product of the specific
heat and the density.

i. Viscosity

J. Surface tension

k. Total hemispherical emittance
1. Spectral emissivity

m. Crystallography
Cubic: a = 3.899 kX 11

n. Solupilities

The leach rate of 9OSrTiOS containing 35 curies 28
of 9r per gram of titanate is ~0.05 mg e day ™t
in water for the first ten days exposure and
increases to ~1.0 mg em = day—l after 100 days of
exposure with stoichiometric SrliOs. Excess TiOp
decreases the solubility of SrTiOs in water.
Radiation damage effecls on the SrTiOg lattice
probably account for the higher solubllity of
highly radicactive S5rTiO4 compared to the
solubility of SrTiOs tagged witnh tracer amounts

of activity. The results are summarized in Fig. 2.

With tracer levels of activity, releasec rates 29
of 0.004% and 0.014% mg cm™ day™ ' were oblained
on two strontium titanate pellets exposed to
seawater. It is recognized that high radiation
levels might have a significant effect on the
solubility of SrTiOs.

o. Diffusion rates
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Fig. 2. Ieach Rates of 8rTiOz in Distilled Water for TiOu/Sr0
Ratios of 0.90 to 1.45.
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STRONTIUM TITANATE (SrTiOs)

REFERENCE COLUMN

7. Mechanical Properties

a. Hardness

b. Crush strength
19,100 1b/in.? 30 (CaTiOs)

¢. Bend strength
43 1b/in.? 31

8. Chemical Properties

a. Heal and free energy of formation, entropy
(1) Heat of formation
AH°f = -399 kcal/mole 32,

(calculated from available data)

AN
N

(2) Free energy of formation
AF° e = =379 keal/mole 32, 3%
(calculated from available data)
(3) Entropy
S2e8 = 26.0 cu 3L
. Chemical reactions and reaction rates

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

(1) Oxygen — no reaction 55
(2) Nitrogen = no reaction
(3

) Water — decomposes
(k) 1Inorgsnic acids -- soluble

9. Biological Tolerances

The Z°Sr tolerances are given under Strontium-90
Metal Fuel Form, Section I.A.G.

10. Shielding Data

Bremsstrahlung dose rates from 205 power sources of 4
100, 200, 500, 1000, 2000, 5000, 10,000, and 20,000

watts with iron, lead, and uranium shielding are given

in Figs. 3-0 for a SrTiOs matrix. These sources require
significant shielding because of the high energy of some

of the photons from the bremsstrahlung radiation.
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REFERENCE COLUMN

¢. STRONTIUM OXIDE {Sr0)

1. Compogition
a. Radionuclidic abundance
The radionuclidic abundances are glven in
Section I.A.l.
b. Radiochemical purity
The radiochemical purity is given in
Section T.A.1.
c. Chemical composition¥
(1) Range of composition

Cation Maximum, wht % Minimum, wt %

or 97 92
Ca. 5 2
Ba 2 0.5
Mg 2 0]
One gram of “298r will produce an average

of 0.0232 g of “°7Zr alfter one year's decay.
(2) Average chemical composition

Cation Metal wt, % Metal oxide, wt %

Sr 95 Gl 3
Ca 3.5 .1
Ba 1.0 0.9
Mg 0.5 0.7

The stroatium metal content of pure Sr0O is 8M,TT¢.

The strontium metal content of average 5rO is
79+ 5.
90a

The as-processed Sr0 will contain 44,04 ““sr.

The 1*%Ce constitubes 0.0%% of the radicactivity at

a meximum. The *37Cs has been found to be as high

as 0.003% of the radicactivity at a maximum. The
196pu activity has not been detected. These activi-~
ties can be neglected compared to the total radiation.

¥ . .
Results of analyses on strontium titanate feed samples of the
IS

Filssion FProducts Develooment Laboratory at Oak Ridge National Laboratory.
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STRONTIUM OXIDE (SrO)

REFERENCE COLUMN

2. S8pecific Power 2, b, 5

a. 0.4l watt/g of pure Sr0 (46.6% %05y metal)
0.419 watt/g of average Sr0O (44 .0% Z°Sr metal)

Tt is assumed that therec are 142 curies/g of

905y and 149 curies of “Osy per thermal watt.

b. 66.2 curies of Z9Sr per gram of pure SrO
(46.6% 2°Sr metal)
62.5 curies of 905y per gram of average SrO
(44 0% ®°Sr netal)

3. Radiation

The radiation will be the same as given under
Section I.A.3.

. Critical Mass

Strontium-90 and 90y are not fissionable.

\JT

Compatibility With Materials of Containment

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

6. Thermophysical Properties

a. Density
L.7 g/en® -~ density of pure Sr0 7
.63 g/cm® — density of average SrO

b. Coefficient of thermal expansion

13.92 x 107%/°C  (20-1200°C) 36

c. Specific heat and enthalpy
(1) Specific heat in cal g =+ °egTt
0.117 +(1.22 x 107 T) - (1.50 x 10% T™%) 10
(T is in °K)
(2) Enthalpy in calories/mole

Hp - Hege = 12.13 T + (0.63 x 1072 72)
+ (155 x 105 771) - hige 10

(T is in °K)



STRONTIUM OXIDE (SrQ)

REFERENCE COLUMN

d. Temperatures of phase transformations

(1) Melting point — 2457°C 37

(2) Boiling point = 3227°C 37
e Latent heats of phase transformations

AH fusion 16.7 keal/mole 38

O vaporization (not available)

. Vapor pressure
log P = 3.07 x 10%* 771 + 13.12 59

(T 45 in °K and P is in atm)

g. Thermal coanductivity
(1) 8r0 = 100% 26

The following equation was derived from data
by a method of least mean squares. The data
covered the range 350 to 900°C. Useful
range of eqguation is 200 to 1400°¢C.

1/k = 109.51 + 0.0916T °K cal cu™t sec™t °¢7t

Temperature, Thermal conductivity,®
o cal em™ ' sec”t °¢Ti
200 0.0066 + 0.0006
koo 0.0058 % 0.000%
600 0.005% £ 0.0001
800 0.0048 £ 0.0002
1000 0.00kL + 0.0003%
1200 0.00h1 + 0.0004
1400 0.003%8 £ 0.0004

peternined on theoretically dense pellets of
810 with a composition of 91.69 wt % 5r0, %.46
wt % Ba0, 4.2h wt ¢ Ca0, and 0.51 wh 4 Mg0
simulating a freshly vprepared Hanford product.
These values replace those reported in ORNL~L131.

(2) Thermsl conductbivity of various 26 and 27
SrO~Ti0s compositions

These values are given in Section I.B.6,gm(2).
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STRONTIUM OXIDE (Sr0)

h.

Thermal diffusivity

REFERENCE COTLUMN

Tempersture, Thermal diffusivity,*

°C en®/sec

200 0.0122

10O 0.0103

600 0.0091

800 0.0080
1000 0.0072
1200 0.0066
1400 0.0060

*Phese values were calculated by dividing the
thermal concductivity by the product of the
specific heat and the density.

Viscosity

Surface tension

1200 dyn/cm
Total hemispherical emittance

Spectral emissivity

Total emissivity Temperature, °C
0.3%6 1000
0.46 1400
0.50 1800

Small amounts of impurities such as carbon
or radiation darkening can increase these
values significantly to ~0.9.
Crystallograrchy

Cubic — face centered:

a = 5.139 kX

Solubilities

Reacts with water or HCL and goes intoc solution.

The leach rates were determined for Sr0 using

855y tracer. Values were obtained for a 24-hr

Lo (MgO)

39 (Be0)

11

11
L1

period in static distilled water. The average of
six values is 1.35 £ 0.38 g em™® day ' (confidence

limit at 95% level). The leach rate determined

by weight loss measurement of Wi-g samples in
flowing distilled water (4.k cm/min) was
1.49 g em™ day "t



STRONTIUM OXIDE (Sr0)

REFERENCE COLUMN

o. Diffusion rates

T. Mechanical Properties

a. Hardness

3.5 mohs Lo
b. Crush strength

8. Chemical Properties

a. Heat and free energy of formation, enbropy

(1) Heat of formation

AR = ~141.0 keal/mole b3

(2) Free energy of formation

LR = ~155.8 keal/mole bz
(3) Entropy
S%gg = 13.0 eu )'5
. Chemical reactions and reaction rates
(oxygen, nitrogen, water, steam, hydrogen,
liquid metals, other)
(1) Oxygen — no reaction i

(2) Nitrogen — no reachion

(3) Water — forms Sr{0H):

() TInorganic acids — soluble
(5) €Oz — reachs to Form Srlls

9. Biological Tolerances

The 29y tolerances arve given under Strontium-90 Metal
Fuel Form, Secbion I.A.9.

10. Shielding Daba

Bremsstrahlung dose rates from gy power sources of
100, 200, 500, 1000, 2000, 5000, 10,000, and 20,000
watts with iron, lead, and uranium shielding ave gilven
in Pigs. 7-10 for a Sr0 matrix. These sources require
significant shielding because of the high energy of
zome of the photons from the bremsstranlung radiation.
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D. STRONTIUM FLUORIDE (SrFs)
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REFERENCE COLUMN

1.

2.

Gomposition
a. Radionuclidic abundance
The radionuclidic abundances are given in
Section 1.A.1.
b. Radiochemical purity
The radiochemical purity is given
in Section I.A.1.
c. Chemical composition*®
(l) Range of composition
Cation Maximum, wbt % Minimum, wt %
S o1 92
Ca 5 2
Ba 2 0.5
Mg 2 0
One gram of P05r will produce an average of
0.0232 g of 907pr after one year's decay.
(2) Average chemical composition
Cation Metal, wt % Metal fluoride (MFP), wh %
Sr 95 955
Ca 3.5 b7
Ba 1.0 0.9
Mg 0.5 0.9
The strontium metal content of pure SrFs is 70.10%.
The strontium metal content of average SrFo is
65.5%.
The as-processed SrFz will contain 36.0% 99gy.
The **%Ce constitutest.Oﬁ% of the radicactivity
at 2 maximum. The 137Cs has been found to be as
high as 0.00%% of the total activity. The 1°“Ru
activity has not been found. These activities can
be neglected compared to the bremsstrahlung radiation.
Specific Power 2, b, 5
a. 0.368 watt/g of pure SrFs (58.6% 2%Sr metal)

0.545 watt/g of average Sris (56.0% 90gy metal)

*Results of analyses on strontium titanate feed samples of the Fission

Products Development Laboratory at Oak Ridge National Laboratory.
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STRONTTUM FLUORIDE (SrFs)

REFERENCE COLUMN

It is assumed that there are 142 curies/g of
£ : ac : +
298¢ and 149 curies of o5 ver thermal watt.

b. 54.8 curies of Z9%r per gram of pure SrFs
(38.6%4 °°Sr metal)
51.1 curies of 9Ogp per gramn of average Srfs
(36.0% ®°r metal)

3. Radiation

The radiation will be the same as given under
Section T.A.3.

b, Critical Mass

Strontium-90 and P9y are not fissionable.

5. Compatibility With Materials of Containment

See USAEC Rpt. ORNL-L189, Compatibility Data
Sheets for Cerium-144, Cesium-1%7, Curium,
and Strontium-90 (classiried)

[@2

Thermocphysical Properties

a. Density
h.29 g/em® —~ density of pure SrFs I

b.20 g/en® ~ density of average SiFg

b. Coefficient of thermal expansion
Q/°C = 15.72 = 107° - (0.63 x 107° 1)
+ (1.17 % 10“10_t2) b6
(t is in °Cj temperature range is 28-284°¢)
Specific heat and enthalpy
(1) Specific heat in cal g™t °C™t

0.125 + {(5.57 x 107> 1) 38
OK)

[¢]

(T is in
(2) FEnthalpy in calories/mole
Hp - Heps = 15.7 1 + (3.5 x 107% %) - Lhg80 38
(T is in °K)
d. 9Temperatures of phase Lransformations
(1) Melting point — 1463°C W7
(2) Boiling point — 2477°C 36
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STRONTIUM FLUORIDE (SrFa)

REFMRENCE COLUMN

e. Tatent heats of phase transformations
NI fusion 4.3 kcal/mole 33
AH vaporization 71 kcal/mole 38

f. Vapor pressure

torr Temperature, °C

8.5 1822 11

15.0 1880

25.7 1927

51.0 1959

g. Thermal conductivity

cal em™ sec™t °CTt Temperature, °C
0.0120 20 48
0.0055 300
0.0030 125

h. Thermal diffusivity

e /sec Temperature, °C
0.0219 20
0.0091 300
0.0043 125

These values were calculated by dividing the thermal
conductivity by the product of the specific heat anda
density of 3.86 g/cm®.

i. Viscosity
Log 7 = 0.781 + L436/T 49
(n is in centipoises and T is temperature in °K)

j. Surface tension

184 dynes/cm 50
k. Total henispherical emittance
1. Spectral emissivity

A value of 0.9 can be assumed. 16
m. Crystallography

Cubic: a = 5.78L A s
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STRONTIUM FLUORIDE (SrFs)

n. Solubilities

0.0009 mole/liter in water 18°C
0. Diffusion rates

T. Mechanical Properties

a. Hardness

b. Crush strength

8. Chemical Properties

a. Heat and free energy of formation, entropy
(l) Heat of formation
AH® o = -290.3 keal/mole
(2) Free energy of formation
AF°p = -277.2 kcal/mole
(3) Entropy

8598 = 20.5 eu

b. Chemical reactions and reaction rates (oxygen
‘y\) J

REFERENCE COLUMN

1L

38

nitrogen, water, steam, hydrogen, liquid metals, obthers)

(l) Nitrogen — no reaction
(2) Water — slightly soluble

(3) Inorganic acids — insoluble

9. Biological Tolerances

The “°Sr tolerances are given undexr Strontium~90
Metal Fuel Form, Section I.A.9.

10. Shielding Data

See the sections under Strontium Titanate, I.3.10,
and Strontiuwm Oxide, I.C.10, for shielding data.

L



E. STRONTTUM ORTHOTITANATE (SroTiO4)

%2

REFERENCE COLUMN

1. Composition

e

Radionuclidic sbundance

The radionuclidic abundances are given in
Section T.A.1.

Radiochemical purity

The radiochemical purity is given in
Section I.A.1.

Chemical composition¥*

(1)

(2)

Range of composition

Cation Maximum, wt % Minimum, wt %

Sr o7 92
Ca 5 2
Ba 2 0.5
Mg 2 O

One gram of ®Osr will produce an average of
0.0232 g of 29 after one year's decay.

Average chemical composition

Cation Metal, wt % Orthotitanate, wt %

Sr 95 95.2
Ca 5.5 5.0
Ba 1.0 0.8
Mg 0.5 1.0

The strontium metal content of pure SrsTiO4 is

61.42%.

The strontium metal content of average SroTiOs

is 57.249.

The as-processed SroTiOs will contain 31.5% ®9Sr.
The **%Ce constitutes 0.03%% of the radioactivity at
a maximum. The T°7Cs has been found to be as high

as 0.003% of the total activity. The 108Ru activity

has not been found. These activities can be neglected

as compared to the bremsstrahlung radiation.

*Results of analyses on strontium titanate feed samples of the

Fission Products Development Laboratory at Oak Ridge National Laboratory.



STRONTIUM CRIHOTITANATE (SroTiO4)

REFERENCE COLUMY

2. Specific Power 2, &, 5
a. 0.322 watt/g of pure Sr2TiOs (33%.8% gosg metal)
0.300 watt/g of average SraTiOsq (31.5% “°Sr metal)
It is assumed that there are 1ho curies/g of
905y and 149 curies of 20gy per thermal watt.
. o S0 2
b. 48.0 curies of “YSr per gram of pure SrpTiO4
(3%.8% 99Sr metal)
.- . 9 o N
W7 curies of PSr per gram of average SroTiO4
(31.5% ®°Sr metal)
3. Radiation

The radiation will ve the same as given under
Section I.A.3.

b, Criticsl Mass

Strontium~90 and YOV are not fissionable.

5. Compatibility With Materials of Containment
6. Thermophysical Properties

a. Density
.99 g/em® ~ density of pure SrpTiOs 51
4.9% g/cm® — density of average SrpliOa (hot

pressed) by

b. Coefficient of thermal expansion

@ = 11.2 x 107%/°¢  (100-700°C) 22 (8rTi0s)
c. Specific heat and enthalpy

(1) Specific heat in cal g% °C™%

0.13% + (1.34 x 107 T) - (1.63 x 10% ©7%) 2k

(T is in °K; temperature range 293-18C0°K)
(2) Futhalpy in calories/mole

Hy - Hass = 38.45 T 4+ (1.92 x 107° 7%)

+ (4.67 x 10° 77Y) - 13,201 ok

(T is in °K; temperature range 298-1800°K)

d. Temperatures of phase transflormatlions
(1) Melting point — 1860 % 20°C 52
(2) Boiling point — 2500-3000°C 7
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STRONTTUM ORTHOTITANATE (SroTiO4)

REFERENCE COLUMN

e. DLatent heats of phase transformations
NI fusion (not available)
NH vaporization 71 keal/mole 8

(calculated from Trouton's rule)
f. Vapor pressure

g. Thermal conductivity
(1) 8r0:Ti0s = 2.00 26
The following equation was derived from
data by a method of least mean squares.

The data covered the range 350 to 900°C.
Useful range of equation is 200 to 1400°C.

1/k = 110.26 + 0.0268T °K cal em™* sec ™ °C7*

Temperature, Thermal conductivity,*
°Q cal em™t sec”t °C7t
200 0.0081 *+ 0.0007
400 0.0078 % 0.000k4
600 0.0075 * 0.0002
8o0 0.0072 £ 0.000k4
1000 0.0069 * 0.0006
1200 0.0067 = 0.0008
1400 0.0065 * 0.0009

*Determined on theoretically dense pellets of
stoichiometric SroTiOs with a composition of
65.56 wt % SrO, 2.47 wt % BaO, 3.10 wt % Ca0,
0.37 wt % Mg0O, and 28.50 wt % TiOs simulating
a freshly prepared Hanford product. These
values replace those reported in ORNL-4131.

(2) Thermal conductivity of various SrO-TiOs 26 and 27
compositions

These values are given in Section I.B.6.g(2).

h. Thermal diffusivity

Temperature, Thermal diffusivity,”
°C em™/sec
200 0.012k4
400 0.011h
600 0.0106
800 0.0099
1000 0.0094
1200 0.0089
1400 0.0085

*These values were calculated by dividing the thermal
conductivity by the product of the specific heat and
the density.
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STRONTTUM ORTHOTITANATE (SroTi04)

T,

n.

O.

Viscosity

Surface tension

Total hemispherical emittance

Spectral emissivity

Crystallography

Tetragonal body centered

REFERENCE COLUMN

a =381 ¢ =12.60A4 51
Solubilities
A static solubility study of titanate fuels using 55

a particle size of <LTT microns with 9 grams of
Tuel per 200 nl of digsolver solution gave the

following results.

Microgram of fuel per ml of dissolver sol

Deion. Natural Synthetic
Days  waber seawabter  seawater 0.1 N HCL
SreTils at room temperature
7 (/,"856 8;68:’) 9, 3¢ 6 13,050
28 7,337 9,357 9,599 9, 938
L8 9,29 9,832 9,980 10, 427
73 7,456 9,478 9,243 9,826
3 8,209 9,799 9,860 10,290
161 10,103 10, hsi 10, 766 9,816
SroTi0s at 66°
T 12,857 11,17 14,528 13,860
28 10,0k 10,888 13,461 13,063
K8 12,916 11,643 14, 376 13,430
T8 11,846 11,307 13,912 12,716
B 15,995 12,313 1h, 670 13,585
161 10,135 1%,607 16,635 15,302

Diffusion rates

Mechanical Properties

a.

b.

Hardness

Crush strength
19,100 1b/in.2

30 (CaTi0s)
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STRONTTUM ORTHOTITANATE (SroTiOa)

REFERENCE COLUMN

8. Chemical Prooperties

a. Heat and free energy of formation, entropy
(1) Heat of formation
AH®p = ~545.6 keal/mole 32, 3%
(calculated from available data)
(2) Free energy of formation
AF°e = -518.2 keal/mole 32
(caleulated from available data)

(3) Entropy
S2gs = 38.0 £ 0.3 cal °C™! mole™? 23

b. Chemical reactions and reaction rabes
(oxygen, nitrogen, water, steam,
hydrogen, liquid metals, other)

(1) Oxygen — no reaction b1
(2) Nitrogen — no reaction
(3) Water — decomposes

(4) TInorganic acids — soluble

9. Biological Tolerances

. o) - .
The 2°Sr tolerances are given under Strontium-90
Metal Fuel Form, Section I.A.9.

10. Shielding Data

Bremsstranlung dose rates from 90gy power sources L
of 100, 200, 500, 1000, 2000, 5000, 10,000, and

20,000 watts with iron, lead, and uranium shielding

are given in Figs. 3-06 shown in Section I.B.10.

These sources require significant shielding because

of the high energy of some of the photons from the
bremsstrahlung radiation.
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APPENDIX 1

Production of Bremsstrahlung Phot
From Strontiuvwm~-90 Beta in Strontium Oxide Mabrix

(Rer. 4)

Maximum beta-particle energy
Average beta-particle energy

0.545 Mev
0.201 Mev

Bremsstrahlung

Within AL energy group

cunergy group, Mev Photons per beta particle Photons w™' gec™t

0.020 + 0.01 1.%78 x 107% 7.58 x 10%©
0.040 + 0.01 5.52% x 1072 3.0h x 10%°
0.060 * 0.0 2.998 x 1072 1.65 x 10%°©
0.080 + 0.01 1.841 x 1078 1.01 x 1.0%°
0.100 + 0.01 1..208 x 1072 0.66 x 10%°
0.120 + 0.01 8.2%9 x 107* 0.45 x 10°
0.140 + 0,01 5.759 x 107* 3.17 x 107
0.160 *+ 0.01 4,086 x 107% 2.25 x 107
0.180 + 0.01 2.92% x 107% 1.61 x 10°
0.200 * 0.01 2.099 x 107* 1.15 x 10°
0.220 + 0.01 1.505 x 107* 0.83 x 10°
0.240 % 0.01 1.07h x 107% 0.59 x 107
0.260 * 0.01 T.60h x 1077 0.k2 x 107
0.280 + 0.01 5.315 x 107° 2.9 x 10°
0.300 + 0.01 3.654 x 107° 2.01 x 10°
0.3%20 + 0.01 2.458 x 1077 1.35 x 10°
0.340 + 0.01 1.609 x 1073 0.88 % 10°
0.360 * 0.01 1.016 x 107° 0.56 x 107
0.330 + 0.01 6.135 x 107° 3.37 x 107
0.400 + 0.01 3,491 x 107° 1.92 x 107
0.420 + 0.01 1.835 x 107° 1.01 x 107
0.4h0 + 0.01 8.638 x 1077 0.48 x 107
0.460 + 0.01 3,456 x 1077 1.90 x 10°
0.480 + 0.01 1.065 x 1077 5.86 x 10°
0.500 * 0.01 2.007 x 107° 1.10 x 10°
0.520 + 0.01 1.000 x 107° 5.50 x 106°
0.540 + 0.01 0.000

Toval bremssbrahlung energy, Mev/beta particle

1411 x 107°
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APPENDIX 1
Table 2. Production of Bremsstrahlung Photons
From Yttriwn-90 Beta in Strontium Oxide Matrix(Ref. 4)

Maximum beta-particle energy 2.27 Mev

Average beta-particle energy 0.64% Mev
Bremsstrahlung Within AE energy group

energy group, Mev Photons per beta particle Photons w™* sec™?

0.100 + 0.05 6.152 x 1072 3.%8 x 10t
0.200 + 0.05 2.415 x 1077 1.33 x 10*%
0.300 + 0.05 1.281 x 1077 0.70 x 10Mt
0.400 + 0.05 T.67h x 1078 h.22 x 10°
0.500 * 0.05 h.8oh x 1073 2.69 x 101°
0.600 * 0.05 3.234 x 1073 1.78 x 10'°
0.700 £ 0.05 2.181 x 1073 1.20 x 10%°
0.800 & 0.05 1.485 x 1073 8.17 x 10°
0.900 * 0.05 1.01h x 107% 5.58 x 10°
1.000 * 0.05 6.887 x 107* 3.79 x 10°
1.100 + 0.05 4.6350 x 107% 2.55 x 10°
1.200 + 0.05 3.0 0 x 107% 1.65 x 10°
1.300 £ 0.05 1.973 x 107% 1.09 x 10°
1.400 + 0.05 1.231 x 107% 0.68 x 10°
1.500 + 0.05 7.3%57 x 107° 4h.obh x 10°
1.600 + 0.05 h.o11T x 1075 2.26 x 10°
1.700 = 0.05 2.125 x 107> 1.17 x 108
1.800 + 0.05 9.740 x 107° 5.36 x 107
1.900 + 0.05 3,728 x 107° 2.05 x 107
2.000 + 0.05 1.058 x 107 5.82 x 10°
2.100 * 0.05 1.670 x 1077 9.19 x 10°
2.200 * 0.05 h.768 x 107° 2.62 x 10*

Total bremsstrahlung energy, Mev/beta particle

2.81h x 1072
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Table 5. Production of Bremsstrahlung Fhotong Foh)
From Strontinm-90 Beta in Strontium Titanate Mabrix "Ct:

Maximun beta-particle energy 0.545 Mevy

Average beta-particle energy 0.201 Mev
Bremsstrahlung Within AR energy group

energy group, Mev Photons per beta particle Photons w T sec™t

0.020 + 0.01 1.009 x 107% 5.55 x 10%9
0.0h0 + 0.01 hoohlh x 107° 2.22 x 101°
0.060 *+ 0,01 2.195 x 107% 1.21 x 10%°
0.080 + 0.01 1.343 x 1073 7.4 x 10°
0.100 + 0.01 8.845 x 107% 4.86 x 10°
0.120 + 0.01 6.03% x 107% %.32 x 109
0.140 £ 0,01 h.217 x 107% 2.32 x 109
0.160 + 0.01 2.99% x 1074 1.65 x 109
0.180 + 0.01 2.141 x 10772 1.18 x 107
0.200 + 0.01 1.537 x 107% 8.4y x 107
0.220 + 0.01 1.103 x 107% 6.07 x 108
0.240 £ 0.01 7.871 x 1075 4h.3% x 10%
0.260 * 0.01 5,571 x 107% 3.06 x 10°
0.280 * 0.01 3.895 x 107° 2.14 x 10°
0.300 + 0.01 2.673 x 1075 1.h7 x 108
0.320 £ 0.01 1.801 x 1073 0.99 x 107
0.340 * 0.01 1.179 x 107 6.48 x 107
0.360 + 0.01 7.8 x 107° .10 % 107
0.330 £ 0.01 4ot x 107° 2.7 x 107
0.400 £ 0.01 2.559 x 107° 1.41 x 107
0.h20 * 0,01 1.345 % 107° 0.7k x 107
0.450 + 0.01 6.3%3 x 1077 3.48 x 10°
0.460 * 0,01 2.55% » 1077 1.39 x 10°
0.480 * 0,01 T7.807 x 107% 29 x 107
0,500 * 0,01 1.h72 x 107° 8.10 x 10*
0.520 £ 0.01 7.3%6 x 10717 k.03 x 10®
0.540 * 0.01 0.000

. N . ) -
Total bremsstrahlung energy, Mev/aeta particle 9.92% x 10
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Table 4. Production of Bremsstrahlung Photo?s
From Yttrium-90 Beta in Strontium Titanate Matrix(Ref« %)

Maximum beta-particle energy 2.27 Mev
Average beta-particle energy 0.94h Mev

Bremsstrahlung Within AE energy group

energy group, Mev Photons per beta particle Photons w™* sec
0.100 * 0.05 h.537 x 107% 2.50 x 10*+t
0.200 + 0.05 1.782 x 107% 0.98 x 10**
0.300 * 0.05 9.456 x 1072 5.20 x 10°
0.400 * 0.05 5.665 x 1073 3,12 x 10%°
0.500 * 0.05 3.613 x 1073 1.99 x 10*°
0.600 + 0.05 2.389 x 1073 1.31 x 10%°
0.700 + 0.05 1.611 x 1073 0.89 x 101°
0.800 * 0.05 1.098 x 1072 6.04 x 10%
0.900 * 0.05 T.49% x 107% L.12 x 10°
1.000 + 0.05 5.092 x 107% 2.80 x 10°
1.100 * 0.05 3.425 x 107¢ 1.88 x 10°
1.200 + 0.05 2.06hk x 107% 1.25 x 10%
1..300 £ 0.05 1.460 x 107% 8.03 x 10°
1.400 £ 0.05 9.110 x 107° 5.01 x 108
1.500 + 0.05 5.43%4 x 1079 3.00 x 10°
1.600 £ 0.05 3.050 x 1075 1.68 x 10%
1.700 £ 0.05 1.576 x 107° 8.67 x 107
1.800 + 0.05 T.220 x 107° 3.97 x 107
1.900 + 0.05 2.764 x 107° 1.52 x 107
2.000 * 0,05 7.850 x 1077 h.z2 x 10°
2.100 * 0.05 1.239 x 1077 6.81 x 10°
2.200 + 0.05 3.540 x 107° 1.95 x 10%

Total bremsstrahlung energy, Mev/beta particle 2.078 x 1072
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