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STRONTTUM-90 DATA SHEETS

REFERENCE
COLUMN
FUEL FORM (as processed)
A, STRONTIUM-90 METAL Half-life: 28.6 y 1
1. Composition
a. Radlonuclidic abundance 2, 3
Tsobope % Abundance
TS 55.0
S8gy h3.9
BEgy 1.1

These values were obtained by a mass-sp
analysis of fission-product strontium.
fission~product strontium is

ctrometric
Average molecular

-

weight of 89.,08.
b. Radlochemlcal purity
The principal radionuclide other than ®°Sr is ®95r

(T1/z = 50.5 d),
of time gince reactor discharge, as
following table.

Calculated Ratios of ®¥sr/%r
Function of Cooling Time Since |

whose conbtent depends on the length
shown in the

Activities as a
Reactor Discharge

with an Trradiation Time of 200 Days
Cooling time, days Ratio of activities 89Sr/908f
20 29
100 15
200 4.0
300 1.10
400 0.30

The ratio of 298r to ¥9Sr activities will decrease by a
factor of ~2.0 for each 50 days of cooling time.

¢c. Chenmical compositiont

(1)

Range of composition
1Y

Cation Maximum, wt %  Minimum, wt
Sr 97 2
Ca 5 2
Ba 2 0.5
Mg 2 0
Oue gram of Y%8r will produce an average of
0.0232 g of Y%7r after one year's decay.

*Results of apalyses on stronbium titanate feed samples of the Fission
Products Development Laboratory at Osk Ridge National Laboratory.
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(2)

Average chemical composition

REFERENCE
COLUMN

Specific Power

Cation Metal, wt % Metal, atom %
Sr 95 96.69
Ca 5.5 1.60
Ba 1.0 1.57
Mg 0.5 0.14

The *%%*Ce constitutes 0.03% of the radiocactivity
at a maximum. Cesium-137 has been found to be as
nigh as 0.003% of the total activity. Rutheniwa-
106 has not been found in the strontium feed.

2, 4,5

a. 0.513 w/g of 100% strontium metal (55% ©9Sr)
U487 w/g of metal (95% Sr-5% Ca, Ba, Mg)
Tt is assumed that there are 139 Ci/g of ®°8r (100% ®°gr)
and 148.9 Ci of ©9Sr per thermal watt or 0.9%% w/g of 100% 29gr.
b. T76.5 Ci of 998r per gram of 100% strontium metal (55% ®°Sr)

T2.7 Ci of ®98r per gram of 95% strontium metal

Radiation

a. Alpha particles
None

b. Beta varticles 1, 4, 6
. . Max E, Av E, Abundance, _ , - Particles
Nuclide 00 Vv % w/kC1 1 men-1
90gr 0.546  0.1963 100 1.164 5.51 x 10*2
90y 2.284  0.9%65 100 5.551 5.51 x 10%2

Total power 6.715

c. Gamma
None

d. Bremsstrahlung b 6
The high-energy bremsstrahlung photons from ®°Sr and
99y in matrices of Sr0 and SrTi0s are given in the
Appendix (Tables 1-4). Sources of 295r-99 activities
require slightly more shielding than sources of *®7Cs-
137Ba activities because of the high energy of some of
the bremsstrahlung radiation from °°Y which emits a
2.27-Mev beta particle.

e. Neutrons

None
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. Critical Mass
1. TR o~ [els ; e .
Strontium-90 and °°Y are not fissionable.
5. Compatibility with Materials of Containment
After exposure of 2036 hr at 925°C to inactive liguid T
stbrontium metal, it was found that molybdenum and
stainless steel %21 showed good compatibility with
liguid strontium metal; that wrought iron and Haynes 2%
were worthy of further study; and that Hastelloy C,
Hastelloy N, Hastelloy X, and titanium had dissolved
s Y B
and were incompatible with strontium metal.
No attack on molybdenum was observed after 5000-hr 8
contact with inactive liguid strontium metal at 1000°C.
The compatibility of ipnactive strontium metal with a 9
number of container materials were determined and have
been summarized below.
Source material Container maberial
and Superalloys Refractory metals
axoosure Hastelloy X Haynes 25 Ni-c-nel N-155 Mo Ta W TZM
Strontium mebal
1000°C, 1000 ke 3R NR SR MRONR SR ONR KR

1000%C, 5000 hr MR MR SR MR
1000°¢, 10,000 hbr MR MR MR Nk SR ER

Lepend: WR — Negligible or no reaction {(compatible) SR ~ Slight ceacti

MR =~ Major reaction
A number of reactions were dependent on time and tempera-~
ture. For example, Haynes 29 with strontimm metal showed
no attack at 1000°C up to 1000 hr ©but fell into the major
resction classification af'ter 5000 and 10,000 hr at 1000°C.
This indicates that Haynes 25 should probably not be con-
sidered for use with strontium metal at temperatures >1000°C
and bimes >5000 hr. For periods up to 1000 hr at 1000°C,
stronbium metal showed little or no reaction with any metal
except N-155, in which areas of severe subsurface vold
formation were found up to 22 mils.

[y

6. Thermophysical Properties

a. Density
(1) Theoretical density 10

2.6 g/cm? for strontium element
2.55 g/cw® for 95% 8r, 3.5% Ca, 1.0% Ba, and 0.5% Mg

(2) ILiquid strontium density, g/cm® 11
p = 2.648 — 2,62 x 107*7T (°K) (1225-1580°K)
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b. Coefficient of thermal expansion

2.0 x 107>/°C 12

c. Specific heat and enthalpy
(1) Specific heat
0.0719 cal g"* °c™* (25°C) 13
(2) Enthalpy in cal/mole 14
Hy = Hogg = 5.13T + 1.66 x 107377 — 1731 (298-862°K)
Hp —~ Hogg = 9.120 — 3582 (862-1043°K)
AH transition = 200 cal/mole (862°K)

d. Temperatures of phase transformations
(1) Melting point
772°C 12
(2) Boiling point
1372°C 12

e. Latent heats of phase transformations

OH transition (= B) = 200 cal/mole (589°C) 1k
2H fusion (772°C) = 2400 cal/mole 1h
AH vaporization (1372°C) = 33,200 cal/mole 13
f. Vapor pressure 15
tmosphere Temperature, °C
0.026 ohly
0.066 1041
0.13 1116
0.47 1254
0.66 1315
1.99 1h27
2.Lho 1567
5.32 1706

The vapor pressure is given by the following egquation:
Log Pgipy = T35 — [7370/T(°K) ]

g. ‘Thermal conductivity

Thermal conductivity, Temperature,
cal cm * sec”t °¢T* °C
0.3 20 16 (Ca)
0.385 100 17 (Be)
0.290 500
0.2h7 500

0.206 700
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h. Thermal diffusivity
Thermal diffusivity, Temperature,
cn?/sec °C
1.6k 20
This value was calculated by dividing the thermal
conductivity by the product of the specific heat
and the density.
i. Viscosity
j. B8urface bension, erg/cm®
g = 392 ~ 0.0857 (°K) (1152-1602°K) 11
k. Total hemispherical emittance
Will vary from 0.25 to 0.80 depending on the state 18
of the sample, such as oxide coating, impurities.
1. Spectral emissivity
Can also vary as stated in k. above.
m. Crystallography
o B 7
fee ne - bce
215°C 2R 605°C 258
R e 2 . o ~
a = 6.085 A a = b,30 A 5 = L.85 A 19, 20
[o]
c = 7.06 A
n. Solublilities
Strontiuwn metal reacts vigorously with water 20
o. Diffusion rates

Mechanical Properties

2. Hardness
16-18 (Brinell) 16 (ca)
b. Crush strength

Chemical Properties

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

Zero — by definition of standard state
(2) Tree energy of formation

Zeroc — by definiticn of standard state
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() &entropy
S2gs = 12.5 en 21
b. Chemical reactions and reaction rates 16, 22
(1) Oxygen — fast
(2) Nitrogen at room temperaturc — no reaction
(3) Nitrcgen at elevated temperature - reacts
(4) Water — reacts
(5) 1Inorganic acids = reacts
9. DBiclogical Telerances
The “°Sr tolerances taken Trom reference 23 are 23

given below.

Maximum Permissible Body Burdens anc Maximum Permissible Concentrations
“or Radloruclides in Alr and in Water for Occupational Exposur62

Racicnuclide Organ of refercrce Max vermizssible __Max permissible concentratioans, nCi/cm®

and type (critical crgan burden in total For 40-kr week For 168-hr week
o decay underscorad ) vody, q(uCi) Water Air Water Air
g35r Bone 2 4% 107% 3 x 10719 oTE 1o
) {8c1) { Total Body 20 167° 9 x 107 oy 107® 3 i 1070
GI (LLI)® 107° 3 x 1077 cx 0% 1077
Tung. 2 x 107°
(Inscl) oI gLLI)a o b ox 107% & x 107%

B

Tne abbreviations GI and LLI reer to the pgastrointestinal tract aznd lower large investine,
respectively.

10. Shielding Data

i

See {he sections under Strontium Titanate, T.B.10, and
Strontium Cxide, I.C.10, for shielding data.
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B.  STRONTIUM TITANATE (SrTi0s)

A

1. Composition
a. Radionuclidic abundance
The radionuclidic shundances are glven in Section I.A.1.
b. Radiochemical purity
The radiochemical purity is given in Section I.A.1.
c. Chemical composition*®
(1) Range of composition
Cation  Maximum, wt %  Minimum, wt %
s 97 9z
Ca 5 2
Ba 2 0.5
Mg 2 0
One gram of P03p will produce an average of
0.02%2 g of 997y after one year's decay.
(2) Average chemical composition
Metal Content, Titanate Content,
oxide wt % compound wt %
Sr0 52.5 SrTils 92.5
Cal 2.3 Calilg 5.6
RBa0 0. 5 BaTi0 3 0. 8
Mgz0 0.4 MgliOa 1.1
Ti0s L, 3
The strontium metal content of pure fission-
rroduct SrTi0s is 48.16%.
The strontium metal content of average
fission~product SrTi0s is 44.55%.
The as-processed SrTi0s will contain 24.5%
9sr. The %*%Ce constitutes 0.0%% of the
radiocactivity at a maximum. The *®7(s has
been found to be as high as 0.003% of the
total activity. The *Y“Ru activity has not
been found. These actlivities can be neglected
compared to the bremsstrahlung radiatlon.
*¥Results of analyses on strontium tita = feed samples of the Fission

anat
Products Development Laboratory at Oask Rid

e Natlonal Laboratory.
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2. Specific Power 2, b, 5

0O
=

a. 0.247 w/g pure SrTi0s (26.5% ©°Sr metal)
0.235 w/g of average SrliOs (24.5% ®%Sr metal)

Tt is assumed that there are 139 Ci/g of 09y and
148,901 or ®°gr per thermal watt.

b. 36.8 Ci of 98y per gram of pure SrTiOs (26.5% ®°Sr netal)
34.1 Ci of 98r per gram of average SrTiOs (24.5% ©9Sr metal)

5. Radiation
The radiation is the same as given under Section T.A.3.

I, Critical Mass

Stroncium-90 and %Y are not “issionable.

5. Compatibility with Materials of Containment

The compatibilities of various inactive strontium com~ 9
pounds with a number of container materials were determined
and have been summarized in the following table.

Source material Container material
and Superalloys Rerractory metsls
exposure Eastelloy X Faynes 25 Ni-o-nel K-155 Mo Nb Ta W TZM

Strontium metal (Sr)

1000°C, 1000 ar SR Nz 5R NR SRR NR

1000°C, 5000 ar MR SRONR

1000°C, 10,000 nr Mz MR NR 3R SR
Strontiwe oxide (3r0)

1000°C, 1000 kr SR 3R 2R ER N2 BR SR

w3850°C, 168 hr SR MR SR ER
Ssrontium-9% beryilium
oxide (Sr0-9% 3c0)

1000°¢C, 1000 hr MR MR 3R NR VR NR
Strontium flucride (SrFz)

1000°C, 1000 hr SR 33 B8R 57 NR SR 2
Strentium disilicide (Sr8is)

1000°C, 168 hr OR DR DR DR DR LR IR DR
Stronsium titanate (Srli0s)

1000°C, 1000 hr 3R 5R 3R 3R NR R NR IR

1880°C, 1000 hr R SR 3R Rt MR
Legend: MNR ~ Negligible or no reaction {(compativle) S2 — Blight r tion

DR — Destruztive reaction (incompatibvle) MR — Ma/'or reaction

A number of reactions were dependent on time and tempera
ture; for example, Haynes 25 with strontium metal showed

no attack at 1000°C up to 1000 hr but fell into the major
reaction classification after 5000 and 10,000 hr at 1000°C.
This indicates that Haynes 25 should probably not be con-
sidered for use with strontium metal at temperatures >1000°C
and times >5000 hr.
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For periods up to 1000 hr at 1000°C, strontiwm metal
showed 1little or no reaction with any metal except
M~155, in which areas of severe subsurface void
formation were found up to 22 mils.

At 1000°C 3r0 showed only slight surface oxidation
reaction with most of the metals.

Strontiwn fluoride (Sr¥Fs) showed very little attack
with the metals tested.

At 1000°C SrSis showed exbensive reaction with

Hastelloy ¥, Haynes 25, Ni-o-nel, and N-15%. Molybdenumn,
tantalum, and TZM were resistant to penetration by silicon
metal which formed from the dissociation of 3r8is at
1000° ¢

Strontium titanate was compabible with all the con-
tainer materials exposed at 1000°C. Molybdenum and
tungsten were compatible at lBSO”C, while niobium
and tantalum had @ slight reaction at this tempera-
ture., T7ZM reacted to a depth of 5 mils Tor a major
veaction classification.

More extensive compatibility tests of Haynes 29, 2h
Hastelloy C, and type 316 atalnlcs steel with inactive

SrTi0s and SreTils have not indicated any serious inter-
actions affer 1000 and SOOO hr at 1100°C. However, these
materlals were attacked to a maximum depth of 0.007 in.

when exposed to Sr0 under the same conditions. T is

w

believed that these latter V&Sulhb are due to reaction of
the container materials with water vapor or excess oxygen
dissolved in the S5r0. MPPhanl’al properties tests of

specimens exposed to all three strontium compounds did
not reveal any deterioration when compared with conbtrol
specimens heat treated in argon under similar conditions
of time and tenperature.

e

Thermophysical Properties

a. Density
5.11 g/cmi for pure Srlils 25
5.0% g/em” for average S5rTiOa
b. Coefficient of thermal expansion
I
11.2 x 107%/°¢ (100-700°C) 25
The coefficient of expansion of S5rTi0s has been 26

determined up to 1400°C with a Brinkman Model 5440
dilatometer. To similate a typical vadiocactive
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strontium fuel, samples were prepared with a compo-
sition of 92 wt % Sr, 3.7 wt % Ca, 3.7 wt % Ba, and
0.% wt % Mg. The hotwpre%sed Srli0s sample was 1 in.
in length ana contained 5% excess TiOs over the
stoichiometric ratio of Sr0-TiOs.

The following table gives the values obtained for the
mean cocificient of cxpansion for 3rTiOs for the
temperature intervals shown. The mean coefficient

of expansion, A,, is defined as

Ap(te,t) = AL/Int

where
A (ty,t) = mean coefficient of expansion in
the temperature interval, AL,
from tg to t°C,
AL = temperature interval,
Al = change in sample length over At,
1 = sample length at temperature tO°C.
Temperature Mean linear coefficient
interval, °C  of expansion for SrTiOa
0-100 10.8 x 107°%/°C
0-200 10.7 x 1078/°¢
0-300 10.7 x 1079/°¢C
0400 10.8 x 107¢/°¢C
0-500 10.9 x 107%/°C
0-600 11.0 x 107¢/°C
0-T700 11.1 x 1079/°C
0-800 11.2 x 107%/°C
0-900 11.3 x 107%/°C
0-1000 11.4 x 107%/°¢C
0-1100 11.6 x 107°/°C
0-1200 11.7 x 107%/°C
0~1300 12.0 x 107°/°C
0-1400 12.1 x 107%8/°¢C
c. Specific heat and enthalpy
(1) Specific heat in cal g™t °Cc™*
0.15% + 0.96 x 10797 = 2.54 x 103772 (°K) 27

(2) Enthalpy in cal/mole
Hp — Hogs = 28.23T + 0.88 x 107312 + 28
L.66 x 10°T™% =~ 10,058 (°K)
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d. Temperatures of phase transformations
. (1) Melting wvoint
20h0°¢ 29
- (2) Boiling point
2500-3000°¢ 10
(3) Phase changes at 1440 ang 26h0°¢C 29
e¢. Latent heats of phase transformations
AH vaporization = Tl keal/mole (calculated from 12
- Trouton’s rule)
. '+ Vapor pressure
g. Thermal conductivity
(1) Sr0:Ti0s = 1.00 30
The following equation was derived from daba
by a method of least mean squares:
1/k = 55.76 + 0.0673T (°K)
where k is the thermal conductivity in
. cal cm™ sec”™t °CTr.  The data covered
the range 350 to 900°C. The useful range
A of equation is 200 to 1400°C,
Thermal conductivity,® Temperature,
cal em”™t sec”t °¢TL °C
0.0114 % 0.0015 200
0.0099 £ 0.0C03 400
0.0088 + 0.0001 £00
0.0078 + 0.0001 300
0.007L £ 0.0002 1000
. 0.0065 + 0.0007% 1260
0.0060 £ 0.000% 1400
- %petermined on theoretically dense pellets
of stoichiometric Srlils with a composi-
tion of 51.0% wh % 5r0, 1.92 wt % Bao,
2.42 wt % Ca0, 0.28 wt % MgO, and 4b.35
wt % TiCp simulating a freshly prepared
Hanford product.
(2) Thermal conductivity of variocus Sr0-TiOz 30, 31

compositions

The curves in Fig. 1 were obtained by
interpolating the data for the stoichiocmetric
SrD, BreTils, S5rliOsz, and TiOs.
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ORNL DWG. 67-7956
O .Gi4 l ]
200°C
0 .01 23—
(&)
o
£ oo
(3]
L4
<
o
o
= 800" ¢C
3 e
g e 1000°¢
© M""”’m‘"‘“m
c v
3 e ——————
3 140004
e
¥ o4
’v\‘
/SrO SriTl o) Sr Ti O3
0.002 l l 1
o] 10 20 30 40 50
Ti O, wt %
Fig. 1. Thermal Conductivity of Varilious
Sr0-Ti0, Compositions.
(%) Thermal conductivity of radiocactive 32, 33

strontium titanate

Data were obtained on three hot-pressed pellets
naving 92, 92, and 98% theoretical densities
with Ti0z/alkaline-earth oxide mole ratios of
0.86, 0.95, and 1.25. The ages of the Srlils
in the pellets were 0.5, 3.5, and 4.25 years.
It was found that the age of SrTiOa and the
variation in pellet composition and theoretical
density did not have an effect on the results
within the limit of experimental error. A
single equation for the thermal conductivity as
a function of temperalure was derived from the
data by the method of least mean squares:

1/k = 82.65 + 0.1127 (°K)

where k is the thermal conductivity in

— - -—
cal em™t sec”™ °C”t. The data were measured
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over a range of 350 to 850°C and are considered
usable From 200 to 1400°C. vValues of k as a
funetion of temperature are given below abt the
95% confidence level.

Thermal conductivity, Temperabure,
cal em™ sec™t °¢7t °¢
0.00737 + 0.00090 200
0., 00633 1 0,00025 Xole}
0.0055% £ 0.00015 600
0,00Mj) + 0.00016 800
0.00kLL & 0.0002% 1000
0.00k03 £ 0.00028 1200
0.00%70 & 0.00031 1400

5

h. Thermal diffusivity

(1) 100% dense inactive SrTi0s pellet

Thermal diftfusivity,? Temperature,

cnf“‘ /'/ sec 2 c
0.0151 500
0.0124 400
0.0107 500
0.0093 500
0.0083 1,000
00075 1200

0063 1400

AThase wvalues wers calculated by dividing
the thermal conductivity by the product
of the specific heat and the densiby.

(2) Thermal diffusivity of radiocactive
stroatiun titanate (94,79 of theoretical density)

Thermal diffusivity,a Temperabure,
on® /sec o0
0.01.068 200
0.00369 00
0.00739 600
0.00645 800
0.0057h4 1000
0.00511 1200
0.00461 1400

WMhese values were calculated by dividing

the thermal conductivity by the product
of bthe specific heat and the density.
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i. Viscosity
. Surface teansion
o
k. Total hemispherical emittance
1. Specoral emissivity
m. Crysiaillography
Cubics: a = 3.099 20
n. Solubilities
tes N = . . 90 mas - . - = En
Leach rates were determined on five Sr7i0s fuels 55, 24
having densities ranging from 62 to 92% of theoreti-
cal. Tne lu~ censity samples were recovered from
SHAP-TA fuel capsules after seven years of operation.
The high density samples were prepared by hot press-
ing. The samples were intact after an immersion of
76 cays in distilled water. The data were fitted to
a single equation bv a method of least squares and
are presented in filg. 2 with the 95% con”idence limits.
A single equation tc represent the data is as follows:
m R = -0.5235 gn T - 2.5937
wher
. —_— —~
R = leach rate, mg cm = day °
T = time, days.
ORNL-DWG 68-12625
10° e [ 1 R ; LT,
! [ : '

LEACH RATE, mg/cm2 - cay

In @ = -0.5235 In 7 -2.5987"

[ S SO S P - O S| P l I,A,A,,gf,,,,,., SRRV DU S N A ) A G S DY

5 107" 2 5 10° 2 5 10' 2 5 102 2
TIME, days

Fig. 2. Leach Rate of ®°SrTi05 as a function of Time.

- 95 % CONFIDENCE LIMITS

e
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0. Diffusion rates

=2

fechanical Properties

a. Hardness

b. Crush strength

19,100 1b/in.*

c. Bend strength

b7 lb/]rl.d

Chemical Properties

a. Heat and free energy of formation, entropy
(1) Heat of formation
LHE = =399 kcal/mole
(calculated from available data)
(2) Free energy of formation
A% = =379 keal/mole
(caleculated from available data)
(3) Entropy

oD

wooe = z__( 0 eu

b. Chemical reactions and reaction rates
(1) Oxygen — no reaction

(2) Witrogen — no reachion

(3) Water ~ decomposes

(4) Inorganic acids =~ soluble

Biclogical Tolerances

)

The Z9r tolerances are given under Strontium~-90 Metal

Tuel Form, Section I.A.9.

Shielding Data

Bremsstrahlung dose rates from 203y power sources of 100

200, 500, 1000, 2000, 5000, 10,000, and Q0,000 w with
iron, lead, and uranium shielding are given in Figs. 3-6
for oleO; mabrix. These sources require significant
shielding because of the high energy of some of the
photons from the bremsstrahlung radiation.
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Isotopic Power Sources of Strontium-90 (Strontium Titanate).

Center of source to dose point separation distance

= 100 cm.
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C. STRONTIUM OXIDE (Sr0)

L. Composition

a. Radionuclidic abundance

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

b. Radiochemical purity

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

c. Chemical composition*
(1) Range of composition

0

L . 7 R -
Cation  Maximum, wt %  Minimum, wt %

Sr 97 92
Ca 5 2
Ba 2 0.5
Mg 2 0
One gram of 205y will produce an average of

0.02%2 g of 29Zr after one year's decay.

(2) Average chemical composition

)
7

0

Cation Metal, wt % Metal oxide, Wb

St 95 o3
Ca 3.5 b1
Ba. 1.0 0.9
Mg 0.5 0.7

The strontium metal content of pure Sr0 is 84.77%.
Tre stronbium metal conbent of average Sr0 is 79.9%.

The as-processed SrO will coatain #4.0% “9Sr. The
14406 constitubes 0.03%% of the radiocactivity at a
reximum. The 137Cs has been found to be as high
as 0.00%% of the radiocactivity at a maximum. The
10%gy activity has not been detected. These
activities can be neglected compared to the total
rediation.

2. Specific Power

no
-
o
1

a. 0.435 w/g of pure Sr0O (46.6% °°Sr metal)
0.411 w/g of average SrO (44.0% ®CSr metal)

It is assumed that there are 139 Ci/g of ®9%r
and 148.9Ci of ®“Sr per thermal watt.

b. 64.8 ci of ?°Sr per gram of pure Sr0 (46.6% “9Sr metal)
61.2 Ci of 2%Sr per gram of average SrO (Lh.0% ®9Sr metal)

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

The radiation will be the same as given under Section I.A.3.
b, Critical Mass

Stront lum-90 and 9% are not fissionable.
5. Compatibility with Materlals of Containment

See Bection 1.3.5
6. Taermophysical Properties

a. Density

o = 4.975 g/en® b

b. Ccefflcient of thermal expansion

The coefficlent of expansion of Sr0 has been deter- 26
wined up to 1M00°C with a Brinkman Model ShhO

dilatometer. T simulate & %ypical radiocactlive

stronbium fuel, samples were prepared with a compo-

sition of 92 wt % 8r, 3.7 wb % Ca, 3.7 wt % Ba, and

0.3 wt 7 Mg The 510 sample was 1/2 in. in length

and was prepared by hot pressing.

ves the values obtained for the
xpansion for S5r0 for the tempera-

The following table
mean coefficient of

Q
&
e

ture intervals shown. The mean coefficient of expan-
sion, A, is defined as
*m(+ }“> / LAL 2
where
A (t ,t) = mean coefficient of expansion in
mr Vo’ . -
the tempers tur» interval, At,
from t, to t°
£b = temperature interval,
Nl = change in sample length over Ab,
1 = sample length at temperature t_°C.
Temperature Mean linear coefficieunt
interval, °C of expansion for 310
0~-100 11.0 x 1078/°¢
0-200 11.0 x 107%/°¢
0-300 11.1 = 1078 /°¢
0-400 11.1 = 1078 /°¢
0-500 11.1 x lO’G/°“
0-600 11.1 x 1078 /°¢

0-TC0 11.1 x 1078 /°¢
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STRONTIUM OXIDE (Sr0)

d.

0%

Table contirued

Temperature Mean linear coefficient

interval, °C of expansion for Sz0
0-800 11.2 x 107°/°¢C
0-000 11.2 x 1078/°C
0-1000 11.2 x 1078 /°¢
0-1100 11.2 x 1078 /°¢
0-1200 11.3 x 107¢/°¢
0-1300 11.%5 x 107%/°¢
0-1400 11.3 x 107%/°¢

Specific heat and enthalpy
(1) Specific heat in cal g * °¢c
0.117 + 1.22 x 10°°T — 1,50 x 10%r~2
(T is in °K)
(2) Enthalpy in cal/mole
Oy~ Hoge = 12,137 + 0.63 x 107372
+ 1.55 x 10577 — L19o

(7 is in °X)

Tenmperatures of phase transformatlions
(1) Melting point
pLETeC
(2) Boiling point
3z227°C
Latent heats of phase transformation

A fusion 16.7 keal/mole

w0

AH vaporizat ion {(not available)

Vapor pressure
log P = 3.07 x 10%71 4+ 17,12
(T is in °K and P is in atm)

Thermal conductivity
(1) 8r0 = 100%
The following equation was derived from data
by a method of least mean squares:
1/k = 109.51 + 0.0916T (°K)

where k is the thermal conductivity in
cal cm™ sec”™® °C7'. The data covered the
range 350 to 900°C. Useful range of the

equation is 200 to 1lh4o0°C.

REFERENCE
_COLUMN

1h

Ly



e

N

STRONTIUM OXIDE (870)

Thermal conductivity,? Temperature,
cal em”l gsec”t °gTt °C
0.0066 £ 0.0006 200
0.0058 + 0.000% 4o
0.005% + 0.0001 600
0.0048 £ 0.0002 500
Q.00 + 0.000% 1000
0.0041 + 0.0004 1200
0,00%8 + 0.000k 1400

®Netermined on theoretically dense pellets
of 8r0 with a composition of 91.A9 wt % Sro,
546 wt % Bao, .3k wh % Ca0, and 0.51 wt %
MO simulating a freshly prepared Hanford

product,

(2)  Thermal conductivity of various 30, %1
SrO-T7i0, compositlions
These values are given in Sectior I.B.6.z.(2).
he Thermal diffusivity

Thermal diffusiviﬁy,a Temperature,
em?/sec o
0.0122 200
0.0103 Loo
0.0091 £00
0.0080 800
G.,0072 1000
0.0066 1200
0.0060 1400

8, it qx
These values were caleulated by dividing
the thermal conductivity by the product
of the speciflc heat and the density.

i. Viscosity

J. Surface tension

1200 dyn/cm 45 (Mgo)

k. Total hemispherical emittance,
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1. Spectral emissivity
Total emissivity Temperature, °C Ll (Be0)
0.36 1000
0.46 1400
0.50 1800
Small amourts of impurities such as carbon
or radiation darkening can increase lhese
values significantly to ~0.9.
m. Crystallography
Cubic, face centered: a = 5.1396 kX 20
n. Solubilities
Reacts with water or HC1l and goes into solution. 20
The dissolution rate studies were performed using Ls
stable Sr0 pellets prepared by hot pressing at
1300°C and L0OOO psi for 1 hr. I one test, a speci-
men weighing 43.962 g with an apparent density of
L.sh g/cm® was suspended from an analybical balance
beam in a container through which a constant linear
flow rate of k.4 cm/min of distilled water was main-
tained. Periodic welghings of the specimen were
recorded during a T-day span. The dissolution rates
Tor Sr0 calculated from the data in the experiment
are shown in the following table. The values were
calculated on the basis of the initial surface area
of the pellet. These solubilities are a factor of
10% to 10° greater than those of strontium titanate.
Rate, g/cm®.day Time interval, days
1.485 0-1
1l.22 1-2
1.27 2-3
1.2k 3~k
0.96 L-g
1.12 5-6
0.76 6-7
0. Diffusion rates
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T« Mechanical Properties
a. Hardness
%,5 mohs b7
b. Crush strength
8. Chemical Properties
a. Heat and free energy of formetion, entropy
(1) Heat of formation
AHG = ~141.0 keal/mole 48
OHg = ~1hh.2 + 1.5 keal/mole 27
LHS = ~140.50 £ 0,20 keal/mole ho
(2) Free energy of formation
LAFp = ~133.8 keal/mole L3
(3) Entropy
350g = 13.0 su 27, 48
b. Chemical reactions and reaction rates 50
(1) Oxygen — no reaction
(2) Hitrogen — no reaction
(3) water —~ forms Sr{OH)z
(%) Inorganic acids — soluble
(5) COs — reacts to form SrCOs
9. Bilological Tolerances
The “YSr tolerances are given under Strontiun-90
Metal Fuel Form, Zection I.A.9.
10, Shielding Data
Bremsstrahlung dose rates from YYSr power sources of 100, b

200, 500, 1000, 2000, 5000, 10,000, and 20,000 w with iron,
lead, and uranium shielding are given in Figs. 7-10 for a
Sr0 matrix. These sources regulre significant shielding
because of the high energy of some of the photons from the
bremsstrahlung radiation.
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STRONIIUM FLUORIDE (SrFa)

1.

2.

Composition

REFERENCE
COLUMN

The

2, b, 5

a. Radionuclidiec sbundance
The radionuclidic abundances are given in Section I.A.1l.
b. Radiochemical purity
The radiochemical purity is given in Section I.A.1.
c. Chemical composition®
(1) Range of composition
Cation  Meximum, wt %  Minimum, wi %
ST a7 or
Ca 5 2
Ba 2 0.5
Mg 2 0
One gram of ¥9Sr will produce an average of
0.0232 g of 9°r after one year's decay.
(2) Average chemical composition
Metal fluoride
Cation Metal, wt % (MFz), whk %
sr 95 955
Ca. 505 lj“?
Ba 1.0 0.9
Mg 0.5 0.9
The strontium metal content of pure SrF. is 70.10%.
The strontium metal content of average SrF- is 65.5%.
The as-processed Sr¥Fs will contair %6.0% 9°Sr.
1%%Ce constitutes 0.0%% of the radiocactivity at a
maximum. The '37Cs has been found to be as high as
0.003% of the total activity. The ““PRu activity
has not been found. These achtivities can be
neglected compared to the bremsstrahlung radiation.
Specific Power
a. 0.360 w/g of pure 8rFs (38.6% ®°Sr metal)
0.3%6 w/g of average Sr¥s (36.0% ®%gr metal)
Tt is assumed that there are 139 Ci/g of “CYsr
and 148.9 Ci of ®9Sr per thermal watt.
b.

53,7 Ci of “98r per gram of pure SrF. (%8.6% %9r metal)
50.0 r

Ci of ®98r per gram of ave

[©]

o ’ 4
age Srfs (36.0% ®°Sr metal)

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

Products Developmment Laboratory at Oak Ridge Nat

ional Laboratory.
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Radliation
The radiation will be the same as gilven under Section I.A.3.

Critical Mass

- . D0 ' . .
Strontium-90 and YY sre not fissionable.

Compatibility with Materials of Contalnaent

N
[

Metallographic examination of inactive Srlfe test
specimens exposed for 19 monbths at 925°C gave the
following results.

Frneapsulating Penetration, in.
material Max imum Average

Simulated Sris fueld

Haynes 25 0.0006 nil

Ta liner in Haynes 29 Complete penetrabtion
of Ta liner

Hastelloy C 0.001 0. 0004

Hastelloy N 0.002 0.001

Hastelloy X 0.0075 0.0014

.
Simulated aged feed material®

Hayues 25 0.0015 0.0008
Ta liner in Haynes 2 Complete penetration
of Ta liner
Hastelloy C 0.000T7 0.0003%
Hastelloy N 0.0028 0.0011
Hastelloy X 0.0055 0.0011

AN

&

& : o
“l wt % Ca, 0.5 wt % Fe.

N Y N -, ¥ ) L i T 7 -
P3rf. plus 2-1/2 wt % Zr as Zr0Oz.

8150 see Section 1.B.5.

Thermophysical Properties

A, Density 51
L.29 g/cn® for pure Sris
.20 g/cm® for average SrF.

ient of thermal expansion

a/°C = 15.72 x 107% — 0.63 x 107%¢ + 1.17 x 107204% 52

(t is in °C; temperature range is 28-284°Q)
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STRONTIUM FLUORIDE (SrFs)

c. Specific heat arnd enthalpy
(1) Specific neat in cal g™t °C~
0.125 + 5.57 x 10757
(T is in °K)
(2) Enthalpy in cal/mole
Hp = Hoge = 15.7T7 + 3.5 x 1073872 . 4980
(T is in °K)
d. emperatures of phase transformations
(1) Meltirg point
1h63°C
(2) 32o0iling point

2hTT7°C

e. Tatent heats of phase transformations

AH fusion h.% xcal/mole
AH vaporization (1 xeal/mole
f. Vapor pressure
Vapor pressure, Temperature,
torr ““ﬁ_mig _
8.5 1822
15.0 1880
257 1927
51.0 1959

g. Thermal conductivity

Thermal conductivity, Temperature,
cal em * sec t °CT*t °C
0.0120 20
0.0055 300
0.0030 725

h. ‘Thermal diffusivity

Thermal diffusivity, Temperature,
cm®/sec o
0.0219 20
0.0091 500
0.0043 725

These values were calculated by dividing the

thermal conductivity by the product of the specific
. / 3

heat and a density of 3.86 g/cm®.
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STRONTIUM FLUORIDE (Svls)

8.

Tie

O

Viscosity

Log nm = 0.781 + 436/T

(7 is in centipoises and T is temperature in

Surface tLension

184 dyn/em

Total nemlspherical emittance
Spectral emissivity

A value of 0.9 can be assumed.
Crystallography

Cubic: a = 5.781

=0

Solubilities

0.0009 mole/liter in water 18°C

Diffusion rates

Mechanical Properties

Q.

b.

Chemical Properties

Hardness, moh
Hy = 3.5

Crush strength

&

Heat and free energy of Tormation, entropy

(1) Heat of formation
AH% = =290.3 keal/mole
(2) Free energy of formation
AF} = —27TT7.2 keal/mole
(3) Entrooy

G298 = 20.5 eu

Chemical reactions and reaction rates

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

(3) 1Inorganic acids — insoluble

oK)
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9. RBiological Tolerances

ad,y . -
The ®“Sr tolerances are given under 3trontium-90
Metal Fuel Form, Section I.A.9.

10. Shielding Data

See the sections under Strontium Titanate, I1.8.10,
and Strontium Oxide, I1.C.10, for shielding data.
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E.  STRONTLIUM ORTHOTITANATE (SroTi0,) T

1. Composition

g, Radilonuelidic abundance

The radionuclidie abundances are given in Section T.A.l.

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

c.  Chemical composition®

(1) Range of composition

Catlon  Maximum, wh % Minimum, wt %
Sr 97 92
Ca 5 2
Ba 2 0.5
Mg 2 0

One gram of “Pgr will produce an average of
0.0232 g of "%y after one year's decay.

(2) Average chemical composition

Cation Metal, wt 4  Orthotitanate, wt %

s 95 9.2
Ca 3.5 5.0
Ba 1.0 0.8
Mg 0.5 1.0

The strontium metal content of pure Sr.Ti0. is 61, o,
] 2 4 .

The strontium metal content of average SroTil, is
57 . 24%.

The as-processed S8rpTi04 will comtain 31.5% “9r.

The ***Ce constitutes 0.03% of the radicmctivity at

a maximum. The *®7Cs has been found to be as nigh

ag 0.003% of the total activity. The 9%Ru activity
has not been found. These achbivities can be neglected
a8 compared to the bremsstrahlung radiation.

2. Bpecific Power 2

a. 0.315 w/g of pure SrpTi0, (33%.8% 298y metal)
0.29% w/g of average SrpTiOs (31.5% 2%sr metal )

Tt is azsumed that there are 139 Ci/g of 9%y
and 148.9C1 of ®98r per thermal watt,

b. 47.0 Ci of “98r per gram of pure 8rpTi0, (33.9% ©9ge metal)

3.8 €1 of "%r per gram of average SraTily (31.5% “°Sr metal)

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

The radiation will be the same as given under Sectlon I.A.5.

. Critical Mass

Strontium-90 and °°Y are not fissionable.

5. Compatibility with Materials of Containment

See Section T.B.S5.

6. Thermophysical Properties

a. Density

L.99 g/cm® for pure SreTi04 57
4.93 g/cn® for average Srpl'104 (hot pressed) 35
b. Coefficient of thermal expansion
The values of mean linear coefficient of expansion 26
for 8rTi0s and SrC are given in Secticn 1.B.6.b. and
1.C.6.b., respectively. The values shown below for
SroTi04 are taken to be an average of those for
SrTi0~ and ZSroO.
Mean linear coefficient Temperature interval,
of expansion, 1/°C °C
10.9 x 107° 0-100
10.8 x 107° 0-200
10.9 x 107° 0-200
11.0 x 107° 0-h00
11.0 x 107¢ 0-500
11.1 x 107° 0-600
11.1 x 107° 0-700
11.2 x 107° 0-800
11.3 x 107° 0-900
11.% x 107° 0--1000
11.4 x 10°° 0-1100
11.5 x 107° 0-1200
11.7 x 1078 0-1200
11.7 x 107° 0-1400
c. Specific heat and enthalpy
(1) Specific heat in cal g ' °C7™*
0.134 1 1.34 x 10797 - 1.6% x 10%T7% 28

(T ¢s in °K; temperature range 298-1800°X)
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]
>

(2) Enthalpy in cal/mole

Hp — Hpes = 33,457 + 1,92 x 1073p2 28
+ ho67 x 10777 — 13,201

(T is in °K; temperature range 298-1800°K)
Temperatures of phase transformations
(1) Melting point

1860 + 20°C 58
(2) Boiling point

2500-3000°C 10
(3) o=-8rsTi04 converts to B-SrnTils at 1600°C 29
Latent heats of phase transformations
AH fusion (not available)
AH veporization Tl kecal/mole 12
(calculated from Trouton's rule)
Vapor pressure
Thermal conductivity
(1) 8r0:Ti0s = 2.00 30

The following equation was derived from data
by a method of least mean squares;:

1/k = 110.26 + 0.0268T (°K)

where k is the thermal conductivity in

cal em™ sec™ °¢7Y. The dsta covered the
range 350 to 900°C. Uszseful range of the
equation is 200 to 1400°C.

Thermal conductivity,a Temperature,
cal em™t gec”l Cp71 °¢
0.0081 + 0.0007 200
0.0078 * 0.000k 400
0.0075 + 0.0002 600
0.0072 + 0.000k 800
0,0069 + 0.0006 1.000
0.0067 + 0.0008 1200
0.0065 + 00,0009 1400

etermined on theoretically dense pellets

of stoichiometric SrpTi04 with a composi-
tion of ©5.56 wt % 8r0, 2.47 wt % Bao,

3.10 wt % Ca0, 0.37 wt % Mg, and 28.50 wt %
Ti0p simulating a freshly prepared Hanford
product.
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(2) Thermal conductivity of various SrO-TiOs 30, 31
compositions are given in Section I.B.6.g.(2).
h. Thermal diffusivity
Thermal diffusivity,a Temperature,
cn®/sec °C
0.012h 200
0.011k 400
0.0106 £00
0.0099 800
0.009k 1000
0.0089 1200
0.0085 1400
8These values were calculated by dividing
the thermal conductivity by the product
of the specific heat and the dernsity.
i. Viscosity
J. Surface tension
k. Total hemispherical emittance
1. Spectral emissivity
m. Crystallography
Tetragonal, body-centered
a = 5.68 A c = 12.60 A 57
n. Solubilities 59

A static solubility study of titanate fuels using a
particle size of <177 microns with 9 g of fuel per
200 ml of dissolver solution gave the following results.

Micrograms of fuel per ml of dissolver solution

Days Deionized Natural Synthetic o
water seawatber segwater 0.1 N HCL
Sr-Ti04 at Room Temperalure
7 9,856 5,663 9,386 11,050
P8 7,537 9,257 9,599 9,988
L8 9,298 9,832 9,980 10, ket
78 7,456 9,478 2,243 9,826
98 8,209 9,799 9,860 10,290

161 10,103 10, L5k 10,766 9,816
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Days

Micrograms of fuel per ml of dizsolver solution

Natural
seawater

Delonized
water

Synthetic
seawater

0.1 I HCL

Srplil, at 66°

7 12,857 11,k 1k, 528 13,860
28 10,04 10,888 13,461 13,06%
L8 12,916 11,643 14,376 13,480
78 11,846 11,307 13,912 12,716
. 98 15,995 12,313 14,670 13,585
161 10,135 13,607 16,635 15,302
0. Diffusicn rates
T. Mechanical Properties
a. Hardness
b. Crush strength
19,100 1b/in.® 35

8. Chemical

Properties

a. Heat

(1)

(2)

(3)

(1)
(2)
(3)
(%)

and free energy of formation, entrogpy

Heat of formation

Mg = =545.6 keal/mole
(calculated from available
Free energy of formation
AFP = =518.2 keal/mole
(caleulated from available
Entropy

= 38.0 £ 0.3 cal °c™*

w0

)
298

Chemical reactions and reaction

Cxyger — no reaction
Nitrogen — No reaction
Water — decompcses

Inorganic acids -~ goluble

data)

data)

mole ™t

rates

(CaTiOs)

60
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9. BRiological Tolerances
The 298r tolerances are given under Strontium-90
Metal Fuel Form, Section T.A.9.
10. Shielding Data
Bremsstrahlung dose rates {rom 293r power sources of 4

100, 200, 500, 1000, 2000, 5000, 10,000, and 20,000
with iron, lead, and uranium shielding are given in
Figs. 3-6 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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Table 1. Production of Bremsstrahlung Photons I
from Strontium-90 Beta in Strontium Oxide Matrix(Ref. )

Maximum beta-particle energy 0.545 Mev
Average beta-particle energy 0.201 Mev
Bremzstrahlung Within AE energy group
energy group, Mev Photons per beta particle Photons w™t sec™t

0.020 * 0.01 1.378 x 107% T.53 % 1010
0.040 + 0,01 5.52% x 1072 3.04 x 1010
0.060 * 0.01 2.998 x 1073 1.65 x 1010
0.080 = 0.01 1.841 x 1073 1.01 x 10%©
0.100 £ 0.01 1.208 x 107° 0.66 x 1010
0.120 * 0.01 8.239 x 1074 0.h5 % 1010
0.140 = 0.01 5.759 x 107% 3.17 x 109
0.160 * 0.01 h.o86 x 1074 2.25 x 109
0.180 * 0.01 2.92% x 107% 1.61 x 109
0.200 + 0.01 2.009 x 1074 1.15 x 109
0.220 + 0.0]1 1.505 x 1074 0.8% x 109
0.240 * 0.01 1.07h x 107% 0.59 x 109
0.260 £ 0.01 7.604 x 1075 0.42 x 10?
0.280 % 0.01 5.315 x 1079 2.92 x 108
0.%00 £ 0.01 3.654 x 107 2.01 x 108
0.%20 £ 0.01 2.458 x 1073 1.%5 x 108
0.340 = 0.01 1.609 x 107% 0.88 x 108
0.%60 * 0.01 1.016 x 1075 0.56 x 108
0.380 £ 0.01 6.13%5 x 1076 3.37 x 107
0.400 % 0.0L 3.491 x 1078 1.92 x 107
0.420 + 0.01 1.8%5 x 1078 1.0L x 107
0.440 + 0.0L 8.638 x 1077 0.48 x 107
0.460 = 0.01 3.456 x 1077 1.90 x 108
0.480 = 0.01 1.065 x 1077 5.86 x 105
0.500 * 0.01 2.007 x 1078 1.10 x 105
0.520 £ 0.01 1.000 x 1079 5.50 x 103
0.540 + 0.01 0.000

Total bremsstrahlung energy, Mev/beta particle 1.411 x 1073
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Table 2. Proauction of Bremsstrahlung Photons
from Yttrium-90 Beta in Strontium Oxide MatrixiRef. 4)
Maximum beta-particle energy 2.27 Mev
Average beta-particle energy 0.944 Mev
Bremsstranlung Within AE energy group
energy group, Mev Photons ver beta particle Photons w™t sec
0.100 = 0.05 6.152 x 107% 3.58 x 10+t
0.200 = 0.05 2.415 x 1072 1.3% x 10M*
0.300 * 0.05 1.281 x 1077 0.70 x 10%!
0.400 £ 0.05 7.67% x 107° L.oo x 10%°
0.500 £ 0.05 h.89k x 107° 2.69 x 10%°
0.600 = 0.05 3.234h x 1075 1.78 x 10t°
0.700 * 0.05 2.181 x 107° 1.20 x 10'°
0.800 + 0.05 1.485 x 107° 8.17 x 10°
0.900 * 0.05 1.014 x 107° 5.58 x 10°
1.000 + 0.05 6.887 x 107% 3.79 x 10°
1.100 £ 0.05 4.6%0 x 107% 2.55 x 10°
1.200 * 0.05 3.0 0 x 107% 1.65 x 10°
1.3%00 + 0.05 1.975 x 107*% 1.09 x 10°
1.400 £ 0.05 1.231 x 107% 0.68 x 10°
1.500 £ 0.05 T.337 x 107° h.ok x 108
1.600 + 0.05 h.117 x 107° 2.26 x 10°
1.700 £ 0.05 2.125 x 107° 1.17 x 10°
1.800 + 0.05 9.740 x 107° 5.% x 107
1.900 + 0.05 35.7°8 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 107
2.200 + 0.05 L.768 x 107° 2.62 x 10%
Total bremsstrahlung energy, Mev/beta particle 2.814k x 107%
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Production of Bremsstrahlung FPhotons
from Strontium-90 Beta in Strontium Titanate MatrixiRef. L)

Maxlmum beta-particle
Average beta-particle

energy
energy

0.545 Mevy
0201 Mev

Bremsstranlung
energy group, Mev

Within AE energy group

Photons per

beta particle

Photons w~+ sec

0.020
0.040
0.060
0.080
0.1.00
0.120
0.140
0.160
0.180
0.200
0.220
0.240
0.260
0.280
0. 500
0.320
0.340
0.360
0.380
0.4%00
0420
0. 440
0.460
0.48¢
0.500
0.520

0.540

Total bremsstrahlung energy, MEV/beta particle

i+

o

i+

[,
i

I+

o+ +

1+

Moo

I+

0.01
0.01
0.01
0.01
0.01L
0.01
0.01
0.0L
Q.01
0.0l
0.01
0.0L
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.0L
0.01

1.009
b, ohky
2.195
1.3548
3.8y
6.0%4
ho21t
2.995
2.141
1557
1.103
T.871
D571
3.895
2.676
1.801
1.179
T.448
hobot

x 1072
1073

>

1073
1078
x 1074
x 107%
x 10~%
® 10~%
x 1074

x 10~%

>

b

x 1074
x 1075
x 107>
x 107°
10°%
1073
103
1078
1076

x 1075

»

b

<

s

M

5 % 107€

x 1077
x 1077

T x 1078

x 1078

x 10~%°

7.41 %
b.86 x
332 x

2.7

[e)N
o o1
LS -

1.
1.1
8.45 x
6.07 x

b33 5

3.06 %

2.4 x ]

147 x
0.99 x
6.48 x
ho10 x
247 »
1.H1 x
O.7h x
5,48 x
1.39 x
ho2g x
8.10 x=
Lh.03 x

9.9k x 107%

108
168
107
107
107
107
107
108
108
105
10%
109




Teble 4. Production of Bremsstrahlung Photons
from Yttrium-90 Beta in Strontium Titanate Matrix(Rel. L)

Maximum beta-particle energy 2.27 Mev
Average beta-particle energy 0.94k4 Mev

Bremsstrahlung Within AFE energy group

energy group, Mev Photons per beta particle Photons w™t sec
0.100 * 0.05 4h.537 x 1072 2.50 x 10+
0.200 * 0.05 1.782 x 107% 0.98 x 10t
0.300 * 0.05 9.456 x 1077 5.20 x 10%°
0.400 t 0.05 5.665 x 1072 3,12 x 10%°
0.500 * 0.05 3,613 x 1072 1.99 x 10%°
0.600 * 0.05 2,389 x 1073 1.5 x 10°
0.700 = 0.05 1.611 x 107° 0.89 x 10%°
0.800 + 0.05 1.098 x 1072 6.04 x 10°
0.900 * 0.05 Th9% x 107% .12 x 10°
1.000 £ 0.05 5.092 x 107% 2.80 x 10°
1.100 + 0.05 5.bpg x 107% 1..88 x 10°
1.200 £ 0.05 2.26h x 1074 1.25 x 10°
1.300 + 0.05 1.460 x 107% 8.0% x 10°
1.400 + 0.05 9.110 x 107° 5.01 x 10°
1.500 * 0.05 5.3k x 1070 3.00 x 10%
1.600 + 0.05 5,050 x 107° 1.68 x 108
1.700 + 0.05 1.576 x 107> 8.67 x 107
1.800 % 0.05 7.220 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 L.32 x 10°
2.100 + 0.05 1.2%39 x 1077 6.81 x 10°
2.200 £ 0.05 35,540 x 107° 1.95 x 10%

Total bremsstrahlung energ Mev/beta particle 2.078 x 107%

SJ D
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