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ABSTRACT 

The dissolution in synthetic sea water , natural sea water , de-ionized water , 
and diluted HCl solutions of strontium ti tanate, distrontium titanate, and strontium 
fluoride has been studied. These strontium isotopic fuel compounds were tested in the 
form of non-radioactive powders containing t r ace r quantities of s t ront ium-85. 
Simulation of the fully radioactive strontium-90 (containing 44-50% inactive strontium) 
mater ia l , utilized in the SNAP genera tors for t e r r e s t r i a l and space application, 
was accomplished with the use of the strontium-85 t racer system. 

Measurements of the radioactivity re lease in the different solution media were 
performed in the laboratory utilizing test methods similar to those employed by 
Zigman et al in their study of the solubility character is t ics of strontium titanate 
pel le ts . Both static (constant volume and limited circulation) and dynamic (continual 
passage of fresh solvent through the strontium powder) tes ts were conducted with the 
simulated fuel ma te r i a l s . In addition, the effects on the re lease of strontium of 
different part ic le size distributions and elevated tempera tures were evaluated. 

Relatively large amounts of strontium re l ease , regard less of the solution 
media, test temperature and average part icle s ize , were observed during the initial 
short t e rm periods of measurement . This short t e rm, high re lease ra te was also 
reported by Zigman for strontium titanate pellets even though the total surface a rea 
exposed per unit weight of mater ia l is much smaller for fuel contained in a large 
pellet ra ther than as micron size par t i c les . The strontium release ra tes (micro­
g rams of fuel per square centimeter of surface area per unit time) did not attain 
constant values, although a few of the measurements indicated that constant ra tes 
would be approached after a hundred or more days of exposure t ime. The same t rends 
were observed for the short t e rm dynamic tes t s . This trend observed with the powder 
agreed with the resu l t s noted for strontium titanate pel le ts . Long te rm strontium 
dissolution r a t e s (static conditions) for micron size powders of the three test fuels 
a r e described as a function of time (in days) by the expressions presented in Table A. 

Utilizing the ra te equations (Table A) and knowing the average part icle size 
and distribution of the strontium fuel, the test medium and temperature , an approxi­
mate calculation can be made as to the amount of strontium-90 fuel dissolved per unit 
t ime. 

The solubility ra te for SrTi03 powder in natural sea water was found to differ 
from that reported by Zigman for SrTiOs pellets in natural sea water and also 
differed from tes t s conducted by Bloom and Riggs^ at 65°C. In both c a s e s , the 
measured powder ra tes were an order of magnitude lower than those previously r e ­
ported for the pel le ts . This effect of ra te dependence on surface area exposed 
to the solvent was further substantiated by the order of magnitude difference in the 
dissolution rate between 5 ^ and 3 5 ^ average diameter SrF2 tested under identical 
conditions. 
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Table A 

Rate j ;quations tor Lon^ Term Static Dissolution of Strontium Fuels 
NOTE: The Rate Equation is in the form (except where otherwise noted): 
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APPLICABLE CONDITIONS 

R is rate expressed as ^ g m s / c m ^ / d a } ' 
t is time expressed in da> s 

RATE EQUATION CONSTANTS 

FIG. NO.̂ -'̂ ) 
CURVE NO. 

TEST FUEL 
TEMP PARTICLE 
(°C) SIZE ( - ^ ^ M E N l l ^ * 

9-25 

9-26 

9-27 

9-28 

10-30 

10-29 

10-32 

10-31 

10-33 

10-34 

11-35 

11-36 

11-37 

11-38 

12-39 

12-40 

12-42 

12-41 

12-44 

12-43 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

66 

25 

66 

25 

25 

66 

25 

66 

3£ 

35 

35 

35 

35 

35 

35 

35 

35 

35 

5 

ssw 
ssw 
DIW 

DIW 

6N HCl 

6N HCl 

O.IN HCl 

O.IN HCl 

O.OIN HCl 

O.OIN HCl 

ssw 
ssw 
DIW 

DIW 

6N HCl 

6N HCl 

O.IN HCl 

O.IN HCl 

COIN HCl 

O.OIN HCl 

3.055 

4.172x10^9 

8.773x10"! 

3.367x10-1 

1.662x10^ 

4.131x10^ 

8.916x10^ 

2.675x10^ 

1.715 

-1.0344 

7.791x10"! 

9.002xl0"2 

9.979x10'^ 

2.462x10"^ 

3.339xlo! 

1.188xlo! 

7.260 

3.457 

5.299xl0"2 

3.101x10"^ 

-5.002x10"^ 

-4.554xlo!^ 

-1.575x10"! 

-1.451x10"! 

-1.532x10"! 

-1.370x10"! 

-1.785x10'^ 

-3.339x10"^ 
-6.838xl0"2 

1.0083 

-1.420x10"! 

-6.381 

-2.360x10"! 

-8.360xlO"2 

-1.438x10'-' 

- l .»73xlO"! 

-1.801x10"! 

-4.3502xlu"2 

-7 . r )nx]0"2 

-2.230x10"! 

1.553x10^ 

2.260 

3.152xl0''-^ 

2.124x10"! 

5.398xl0! 

9.585xlo! 

3.054x10^ 

5.841xlo! 

5.040xlo! 

--
1.775x10"! 

1.283x10'-^ 

2.398xl0"2 

2.106x10-2 

9.403 

6.321 

2.770 

7.955 

7.915x10-2 

7.353x10-2 

2 

5. 

4 . 

4 . 

4 

2 

3. 

5 

2 

3 

3 

4 

2 

2 

4 

3 

1 

1 

5 

317x10"^ 

355x10-2 

089xl0"2 

125xl0"'2 

324x10-2 

074xl0''2 

731x10'^ 

062xl0"2 

129xl0""2 

368x10-2 

454x10"^ 

733xl0"2 

757x10-2 

650xl0"2 

622xl0"2 

981x10-2 

956x10-! 

463xlo! 

185x10"2 

2. 

9. 

1. 

2 . 

9 

1 

4 

4 

3 

1 

1 

6 

2 

1 

i 

3 

4 

1 

1 

179x10" 

866x10' 

104x10" 

210x10' 

740 

189x10^ 

022 

701 

818x10" 

454x10 

186x10" 

yiSxlO' 

831x10' 

501 

h26xl0 

325x10" 

()JS.\10 

756x10 

090x10 

I 

1 

2 

2 

3 

2 

1 

4 

4 

1 

-1 

-1 

• i 

2 



Table A (C,o_iitJ 

APPLICABLE CONDITIONS RAIL EQUATION CONSTANTS 
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I. INTRODUCTION 

Strontium titanate, distrontium titanate and strontium fluoride a re three 
radioisotope fuel forms which have been considered for use in thermoelectr ic 
generators for space and t e r r e s t r i a l applications. Strontium titanate has already 
been utilized in SNAP genera tors located on the earth whereas all three fuels 
have recently been evaluated for space miss ions . Accidental re lease of the isotopic 
fuel from the encapsulating mater ia l will more often resul t in the exposure of small 
(micron size) par t ic les ra ther than exposure in the pellet form. Explosion on the 
launch pad, par t ia l burnup of the fuel from an aborted launch or during an im-
controlled intact r e -en t ry , and production of micron size par t ic les during re -en t ry 
ablation of a burn-up system are typical examples of the fuel forms being ultimately 
exposed as small par t ic les ra ther than as large pel le ts . 

Evaluation of the radiobiological and radioecological effects of strontium-90 
par t ic les released on land, in water , and in the air requi res a knowledge of the 
dissolution r a t e s in fresh water , salt wate r , and dilute HCl. Prev ious ejqjerimental 
work has only been performed on SrTi03 pel lets in salt water . Extrapolation of 
this SrTi03 data to the system under consideration was found not to be satisfactory 
nor could it apply to the anticipated effect of differences on surface a rea exposed to 
the dissolving media. 

A laboratory study has been performed to define the behavior of these strontium 
fuel forms in the different test solutions. The effects of tempera ture and differences 
in the average part icle size on the dissolution ra te were considered. Simulation of the 
dissolution in fresh water sys tems was approximated by measurements conducted in 
de-ionized water . Ocean re lease r a t e s were approximated by tes ts conducted in 
natural and synthetic sea water . Inhalation and digestion of smal l par t ic les suspended 
in the air resulting in the re lease of strontium to the human body were simulated by 
measurements performed with dilute HCl solutions. Analytical express ions describing 
both short t e rm and long t e rm dissolution r a t e s in de-ionized wate r , synthetic sea 
water , natural sea water , and HCl solutions were developed. 

The effects of oxygen, ionization radiat ion, and decay impuri t ies on the strontium 
re lease during the initial short t e rm dynamic tes ts and the long t e rm static measu re ­
ments were not investigated in this study. Oxygen and radiation effects have been 
evaluated previously for SrTiOs pellet sys t ems . Additional t e s t s should be performed 
to evaluate the significance of Y and Zr in the lattice s t ruc ture of strontium compounds. 
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n . EXPERIMENTAL METHODS 

Established techniques were employed in the preparat ion of strontium test 
powders, selection and preparat ion of test solutions, and the calibration of the 
equipment used to measure the radioactivity re lease . The utilization of strontium-85 
as the t racer isotope in the test compounds enabled a direct measui-ement of the 
total amount of strontium fuel re leased to be performed. A complete description 
of the mater ia ls and apparatus used in the study i s presented in this section, 

A. Test Powders 

The three strontium compounds prepared for analysis were SrTiOs, S r2Ti04 , 
and SrF2. A 750-gram batch of SrF2 containing 0.5 mill icurie of strontiuin-85 
t racer was prepared according to the established synthesis procedure. "̂  After 
drying overnight at 160°C, the fluoride was sintered for seven hours at 1200^C and 
then ground using a mortar and pes t le . The resulting powder was classified, using 
Tyler sc reens , with two fractions being collected. The first was that which passed 
through a 60-mesh sieve (250 microns) but was retained by an 80-mesh sieve (177 
microns). This fraction was used in the dynamic solubility studies. The average 
diameter of the par t ic les in this fraction was electronically measured with the 
Cassel la par t ic le size counter and found to be 34.8 microns . The second fraction 
was that which passed through a 400-mesh sieve (37 microns) . This fraction was used 
in the static solubility studies. The average diameter of par t ic les in this fraction, 
measured with the part ic le size counter , was 5.1 microns . 

One batch of SrTiOs and one batch of Sr2Ti04 were prepared using the standard 
hot cell procedure with one mill icurie of strontium-85 t racer added to each. Each 
batch (approximately 150 grams) was fired for four hours at 950°C followed by 
12 hours at 1400'^C. After firing, the mater ia l was ground in a mor ta r and sieved 
using a 60-mesh (250 microns) and a 80-mesh (177 microns) sieve. The average diam­
e te r of the SrTiOs and Sr2Ti04 par t ic les in this fraction was measured and found to be 
96.0 and 100.5 microns respect ively. These fractions were used in the dynamic 
solubility studies. A second fraction, passing through a 80-mesh sieve (177 microns) , 
was used for static dissolution measuremen t s . The average diameter of the SrTiOs 
and Sr2Ti04 par t ic les in this fraction was measured and found to be 20.1 and 16.9 
microns, respect ively. 

B. Test Solutions 

Three types of solvents were tested with the 8trontium-90 powders . De-ionized 
water was used to simulate r e l ease in fresh and ra in water , 6N, O.IN, and O.OIN HCl 
solutions were used to simulate r e l ea se in the human digestive sys tem, and natural 
and synthetic sea water were used to simulate r e l ea se in the oceans. 
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A standard formulation of simulated sea water has been devised and 
specified by the Navy Department^. A stock solution, comprised of 10 g rams KCi, 
45 g rams KBr, 550 g r a m s MgCl2, and 110 g rams CaCl2, was dissolved in s ter i le 
distilled water to make one l i ter . Simulated sea water was prepared by dissolving 
23 g r ams NaCl, 8 g r ams Na2SO4'10H2O and 20 mi l l i l i te rs of the above stock 
solution in s ter i le disti l led water and diluting to a volume of one l i ter . 

In addition to the use of simulated sea water , tes ts were conducted with 
natural sea water collected from the ocean one mile off the New Je r sey coast. B\ 
comparing the data obtained from dissolution e;q)eriments conducted under identical 
conditions, the differences between the artificially prepared mixture and the 
natural ocean water would be identified. The chemical compositions of the two 
test sea waters are presented in Table I along with a comparison of standard com­
positions of elements present in solution in sea water . 

TABLE I 

Chemical Composition of Natural and Synthetic Sea Water 

Analy! sis 
(mg/ml) 

Na^ 

cr 
Mg++ 
Ca++ 
Sr++ 
K+ 
Br 
S= 
pH 

C. Test 

Natural Sea Water 
(N( 

Systems 

3W Jersey) 

9.49 
17.75 

1.07 
0.39 
0.01 
— 
— 
— 
7.65 

Synthetic 
Sea Water 

10.19 
23.64 

2.81 
0.79 
— 
0.40 
0.60 
0.80 
— 

Natural Sea Water 
(California) 

19.46 

7.9 

Standard^ 
Sea Water 

10.56 
19.00 

1.27 
0.40 
0 .01 
0.38 
0.07 
0.88 

The dissolution of the strontium fuel powders in the test solutions was conducted 
under dynamic and static conditions. The long t e rm static test assembly consisted of 
high temperature polyethylene bottles placed in a constant tempera ture water , Figure 1. 
Each powder and test solution in the individual bottles was manually agitated per iodi ­
cally to a s su re continual contact between the fuel par t ic les and the test solutions. 
Liquid samples were withdrawn from the bottles and the strontium-85 content per 
milli l i ter was determined with a Nal (Tl activated) well-type scintillation c rys ta l in 
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FIG. 1. APPARATUS FOR STATIC TESTS 

Water level 

Samples in 250-ml 
polyethylene bottles 

NOTE: Identical samples 
kept at ambient tempera ture 
in tray on laboratory bench. 

Water bath thermostated at 66° C 

Fuel par t i c les 

DETAIL 
S a n ^ i e Bottle 
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conjunction with a 512-multi-channel analyzer. 

Since the static solubility tes t s were essentially a record of the strontium 
buildup in a limited volume of a given medium at a given tempera ture , a se r ies 
of further tes t s was undertaken to more closely simulate dissolution in large 
bodies of water where there is essentially an unlimited supply of solvent. The short 
t e rm dynamic test assembly, used to determine the initial dissolution charac ter i s t ics 
of the fuels in the test solutions, is schematically presented in Figure 2. In these 
dynamic t e s t s , fresh solvent was passed through a bed of strontium par t ic les at 
a constant r a t e . The effluent was collected either in beakers lor analyses for 
strontium-85 by c a r r i e r precipitat ion, or passed through a cation exchange res in 
bed where the strontium-85 was collected for direct counting in the Nal well crys ta l . 
Thus, the volume was not rec i rcula ted and an Infinite amount of solvent was simulated. 

D. Standardization Measurements 

In order to determine accurately the solubility charac ter i s t ics of the 
strontium fuels in the test solutions, evaluation of the reliability in the measure ­
ments taken, consideration of potential e r r o r s , and determination of the required 
cal ibrat ions, were performed. Significant measurements which have been made 
for this study include: measurement of the par t ic le size distribution and surface 
a rea exposed per g ram of fuel, determination of the strontium-85 to total strontium 
rat io in the test pa r t i c les , evaluation of the amount of activity absorbed by the poly­
ethylene bottles used in the static tes ts and calibration of the gamma radiation 
detection equipment. 

Knowledge of the par t ic le size distribution and the total surface area exposed 
to the test solution was required in order to derive a ra te equation as a function of 
surface area for a given diameter distribution of par t ic les . The distribution of the 
par t ic les tested were measured electronically with a Cassel la par t ic le size counter. 
Results of these measurements a re presented in Table II. 

T race r quantities of strontium-85 were mixed with the inactive strontium during 
the preparat ion of the three test fuels. The utilization of small quantities of radio­
active strontium required an accurate determination of the ra t io of radioactive 
strontium to total strontium in order to calculate the strontium re lease in the test 
solutions. A weighed quantity of the sintered fuels was dissolved, with aliquots taken 
and added to counting vials to be used as s tandards . These standards were further 
checked by use of weighed quantities of dry fuels. Thus , the specific activity of the 
t r ace r fuels was determined and used to calculate the weight of fuel dissolved in 
each mil l i l i ter of test solution. The activity of the t r ace r used in SrF2 was such that 
each ppm of the fluoride in a mil l i l i ter of liquid produced 1. 25 net gamma counts 
in the 0. 51 Mev gamma peak of Sr-85 during a four-minute count. 
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Fuel Size (Microns) 
SrFo (-400 mesh) 

< 3 
3-5 

5-7.5 
7.5-10 

10-12.5 
12.5-15 

15-17.5 
17.5-20 
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> 2 5 

Total 
Normalized (per gram) 

SrTiOs (-80 mesh) 
< 10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-80 
80-100 

100-120 
> ]20 

Total 
Vormalized (per gram) 

Par t ic le Size Distribut 

% of Par t ic les 

19.00 
56.00 
12.75 

5.50 
2.75 
1.50 
0.75 
0.50 
0.50 
0.75 

7.50 
43.75 
25.25 

8.25 
2.75 
3.00 
2.00 
1.25 
1.25 
1.00 
0.50 
0.50 
0.50 
0.25 
0.50 
0.50 
0.25 
1.00 

TABLE II 

ion ot SrF'^, Si 
Fraction 
Diameter 

0.57 
2.24 
0.80 
0.48 
0.31 
0.21 
0.12 
0.09 
0.11 
0.19 
5.12 

0.75 
5.47 
4.44 
1.86 
0.76 
0.98 
0.75 
0.53 
0.59 
0.53 
0.29 
0.31 
0.34 
0.18 
0.39 
0.45 
0.28 
K20 

20.0^ 

•TiOq, and Sr9Ti0.i 

Surface A 

0.0537 
0.282 
0.156 
0.164 
0.109 
0.089 
0.062 
0.055 
0.079 
0.147 
1.1967 
1221.13 

0.236 
2.148 
2.430 
0.131 
0.653 
0.996 
0.884 
0.709 
0.886 
0.886 
0.519 
0.614 
0.716 
0.413 
0.943 
1.273 
0.951 
4.525 

19.893 

rea (cm-) 

2 cm^ 
gram 

182 cm-
grain 

Powders 

Volume (cc) 

0.0027x10"^ 
0.0188xl0"3 
0.016x10-3 
0.027xl0"3 

0.020x10"*^ 
0.020xl0"3 
0.017x10-3 
0.017x10-3 
0.0298xl0"3 
0.061x10-3 
0.2293xl0"3 
0.2340 cc 

gram 

0.039x10-3 
0.447x10"^ 
0.709x10-3 
0.492xl0"3 
0.299x10"^ 
0.539x10-3 
0.552x10-3 
0.502x10-3 
0.701x10-3 
0.758x10-3 
0.497x10-3 
0,639xl0"3 
0.805x10-3 
0.499xl0"3 
1.219xl0"f 
1.909x10~3 
1.742x10"3 
9.048x10-3 

21.396x10-3 
0.1958 cc 

g ram 

Grams 

0.0116x10-3 
0.080x10-3 
0.069x10-3 
O.llOxlO""^ 
0.086x10'"^ 
0.086x10-3 
0.073x10-3 
0.073x10-3 
0.128x10-3 
0.262x10-3 
0.9846x10-3 
1.00 g ram 

0.201xl0"3 
2.284x10-3 
3.622x10"^ 
2.514x10-3 
1,530x10"^ 
2.755x10-3 
2.822x10-3 
2.565x10-3 
3.582xl0"3 
3.872x10-3 
2.539x10-3 
3.266x10-3 
4.114x10-3 
2.549x10-3 
6.229x10-3 
9.755x10-3 
8.903x10"3 

46.23Gxl0"3 
109.33SX10-3 

1. 00 gram 



TABLE n (Cont) 

s 
•-̂  w 

to 
1 

to 
CD 

J uf Size (Microns) 
: . ' . : i 0 4 (-80 

< 10 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 

-^ 75 

mesh) 

Total 
^'r.j'-malized (per 

^ . '7 . i J3 (-60 + 
13-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-80 

80 

gram) 

mesh) 

% of Pa r t i c l e s 

30.00 
32.50 
12.50 
11.25 

5.75 
3.00 
1.25 
1.00 
0.75 
0.50 
0.25 
0.25 
0.25 
0.25 
0.50 

13.75 
22.25 

5.25 
3.25 
1.50 
0.75 
1.00 
0.75 
0.50 
0.75 
0.75 
0.75 
1.00 

Fraction 
Diameter 

X H T ~ 
3.00 
4.06 
2.19 
2.53 
1.58 
0.98 
0.47 
0.43 
0.36 
0.26 
0.14 
0.16 
0.17 
0.18 
0,38 

16.89 

1.93 
3.89 
1.18 
0.89 
0.49 
0.28 
0.43 
0.36 
0.26 
0.43 
0.47 
0.52 
0.75 

Surface Area (cm ) 

0.943 
1.596 
1.203 
1.790 
1.370 
0.996 
0.553 
0.568 
0.532 
0.433 
0.260 
0.307 
0.358 
0.399 
0.886 

12.192 
358.57 cm2 

gram 

0.847 
2.141 
0.835 
0.772 
0.498 
0.331 
0.568 
0.532 
0.433 
0.779 
0.921 
1.074 
1.768 

Volume (cc) 

0.157x10-3 
0.332xl0"3 
0.351xl0"3 
0.672xl0"3 
0.626xl0"3 
0.540x10-3 
0.345xl0"3 
0.402xl0~3 
0.421xl0~3 
0.379x10-3 
0.249x10-3 
0.320xl0~3 
0.403xl0"3 
0.499x10-3 
1.104x10-3 
6.800x10-3 
0.2000 cc 

gram 

0.198x10-3 
0.624x10-3 
0.313x10-3 
0.354x10-3 
0.270x10-3 
0.207x10-3 
0.402x10-3 
0.421xl0~3 
0.379x10-3 
0.747xl0"3 
0.959x10-3 
1.208x10-3 
2.209x10-3 

Grams 

0.785x10-3 
1.660x10"3 
1.755x10-3 
3.360xl0~3 
3.130xl0"3 
2.700xl0~3 
1.725x10-3 
2.010xl0"3 
2.105x10-3 
1.895x10-3 
1.245x10-3 
1.600x10^3 
2,015x10-3 
2 .495x l0 '3 
5.520x10-3 

34.000x10-3 

1.00 g ram 

1.012x10-3 
3.190x10-3 
1.600x10-3 
1.808x10-3 
1.379x10-3 
1.058x10"3 
2.054xl0"3 
2.150xl0"3 
1.937xl0"3 
3.815x10-3 
4.899x10-3 
6.173xl0"3 

11.2^SxUi"3 



} I i i J ! I 1 } I 1 1 1 1 ] 1 

TABLE n (Cont) 

O 
I 

CO 
o 
to 
I 
to 
CD 

Fuel Size (Microns) % of Pa r t i c l e s 
SrTiOs (-60 + 80 mesh) (Cont) 

80-90 1.25 
90-100 1.50 

110-120 3.00 
120-140 2.25 
140-160 2.75 
160-180 2.50 
180-200 2.75 

^ 200 3.75 
Total 

Normalized (per gram) 

Fraction 
Diameter Surface Area (cm"^) 

Sr2Ti04 (-60 + 
< 15 

15-20 
20-25 
25-30 
30-35 
35-40 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 

100-110 
110-120 
120-130 
130-140 
140-150 
150-160 
160-170 

80 mesh) 
8.25 

20.50 
7.00 
4.75 
2.75 
0.25 
0.50 
2.75 
2.75 
2.25 
2.00 
1.50 
1.00 
1,00 
0.75 
1.00 
1.50 
1.75 
1.75 

UO 
1.06 
1.43 
3.45 
2.93 
4.13 
4.25 
5.23 

63.50 
95.96 

1.24 
3.59 
1.58 
1.31 
0.89 
0.09 
0.23 
1.31 
1.79 
1.69 
1.70 
1.43 
1.05 
1.15 
0.94 
1.35 
2.18 
2.71 
2.89 

2.838 
4.254 

12.468 
11.949 
19.444 
22.705 
31.197 

399.098 
515.452 

62.627 cm2 
g ram 

0.580 
1.973 
1.113 
1.103 
0.913 
0.111 
0.318 
2.614 
3.651 
3.977 
4.541 
4.254 
3.465 
4.156 
3.683 
5.727 
9.911 

13.212 
14.972 

Volume (cc) 

4 .020x l0 '3 
6.734xl0"3 

23.891x10-3 
25.883x10-3 
48.598xl0' '3 
64.314xl0"3 
98.764x10-3 

1330.00x10-3 
1.6105 
0.1957 cc 

g ram 

0.145xl0"3 
0.576xl0"3 
0.417xl0"3 
0.517x10-3 
0.494x10-3 
0.069xl0~3 
0.239x10-3 
2.40x10-3 
3.95x10-3 
4 .97xl0"3 
6.431x10-3 
6.734xl0"3 
6.062x10-3 
7.964x10-3 
7.670x10-3 

12.883xl0 '3 
23.94.5x10-3 
34.123x10-3 
41.162xlO"3 

Grams 

20.542x10-3 
34.411x10-3 

122.083xl0~3 
132.262x10-3 
248.340xl0~3 
328.646x10-3 
504.700x10-3 

6796.30x10-3 
8.230 
1.00 gram 

0.725xl0"'3 
2.877xl0' '3 
2.087x10-3 
2.586x10-3 
2.470x10-3 
0.345xl0~3 
1.195xl0"3 

12.00x10-3 
19.7.5x10-3 
24.85x10-3 
32.155x10-3 
33.67x10-3 
30.31x10-3 
39.82x10-3 
38.35x10-3 
64.415x10-3 

119.725x10-3 
170.615xl0"3 
205.81x10^3 
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TABLE n (Cont) 

b3 

I 
GO 
O 

to 
I 

INS 
CD 

Fuel Size (Microns) 
Sr2Ti04 (-60 + 80 mesh) (C 

170-180 
180-190 
190-200 

> 200 
Total 

Normalized (per gram) 

SrF2 (-60 + 80 mesh) 
13-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-80 
80-90 
90-100 

100-120 
120-140 
140-160 
160-180 
180-200 

^ 200 
Total 

Normalized (per gram) 

% of Par t i c l es 
ont) 

1.75 
2.00 
1.50 

30.75 

15.00 
40.00 
12.50 

6.00 
5.50 
3.00 
2.50 
2.00 
1.25 
1.50 
1.00 
1.25 
0.75 
0.75 
0.25 
0.75 
0.50 
0.75 
0.50 
0.50 
3.75 

Fraction 
Diameter 

CM) 

3.06 
3.70 
2.93 

61.50 
100,51 

2.10 
7.00 
2.81 
1.65 
1.79 
1.13 
1.06 
0.95 
0.66 
0.86 
0.63 
0.84 
0.56 
0.64 
0.24 
0.83 
0.65 
1.13 
0.85 
0.95 
7.50 

34.83 

Surface Area (cm ) 

16.842 
21.511 
17.909 

386.53 
523.064 

64.49 cm2 
gram 

0.924 
3.85 
1.989 
1.426 
1.826 
1.326 
1.419 
1,418 
1.083 
1.558 
1,227 
1.789 
1.325 
1.703 
0.709 
2.852 
2.655 
5.303 
4.541 
5,672 

47.14 
91.735 
93,29 cm2 

Volume (cc) 

49,111x10-3 
66,307x10-3 
58.237xl0' '3 

1288.18x10-3 
1.6225 
0,2001 cc 

gram 

0.216x10-3 
1.122xl0~3 
0.746x10-3 
0.654x10"^ 
0.989x10-3 
0,828x10-3 
1,005x10-3 
1.122x10-3 
0.947x10-3 
1.493x10-3 
1.278x10-3 
2.013x10-3 
1.657x10-3 
2.412x10-3 
1.122xl0~3 
5.227x10-3 
5.752x10-3 

13.254x10-3 
12.863x10-3 
17.957x10-3 

157.09x10-3 
0.2297 
0,2336 cc 

Grams 

245.56x10-3 
331.54xl0~3 
291.19xl0~3 

6440.59x10-3 
8.1126 
1.00 g ram 

0.922xl0"3 
4.804x10-3 
3.192xl0"3 
2.796x10-3 
4.233x10-3 
3.545x10-3 
4.301x10-3 
4.802x10-3 
4.053x10-3 
6.390x10-3 
5.470x10-3 
8.615x10-3 
7.092x10-3 

10.322x10-3 
4.803x10-3 

22.371x10-3 
24,618x10-3 
56.727xl0"3 
55.053x10-3 
76.856x10-3 

672.33x10-3 
.9833 

1, 00 gram 

gram gram 



Air vent 

Dissolver solution 

^ k Pinch clamp for flow-rate adjustment 
T r ^ ( l ml /minute , gravity flow) 

Inlet 

Glass wool 

Tygon tube 
Rubber stopper 

Glass wool 

Dowex -50W-X8 
10 mm 100-200 mesh r e s i 

Fuel par t ic les :2_ . 1̂; outside diameter v ia l diam. • 

Signal to 512-
rhannel analyzer-

High 
voltage 
input ^,-

15x45 mm 

discharge to waste 

Counting vial 

Lead shield 

NaI(Tl)well crystal 
Photomultiplier tube 

Pre-ampl i f ie r 

a i t l e t 

Glass 
1^-Wool 

DETAIL 
Counting Vial 

NOTE: Not applicable to sea water samples , since sal ts in sea water soon 
exhausted the res in . For sea water samples , the vial and the detector were 
replaced by a 100-ml beaker . Per iodical ly , the Sr-85 in the beaker was 
collected by c a r r i e r precipitation and filtered through filter paper . 
The filter paper was then placed in a counting vial for insertion into the 
well c rys ta l . 

FIG. 2. APPARATUS FOR DYNAMIC RATE MEASUREMENTS 
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The counting methods used to determine the specific activity of the test fuels 
were identical to those employed for counting samples from the dynamic and static 
solubility s tudies. Therefore , e r r o r s inherent in the counting of radioactive 
mater ia l s , such as geometry factors , self absorption, and efficiency determination, 
were eliminated. This removal of the need for calibration of the counting technique 
reduced the uncertainty in the experimental values. 

The loss of activity from the test solutions, resulting from incomplete retention 
by the res in beds during the dynamic tes ts and/or the absorption by the walls of 
the polyethylene bottles used in the static t e s t s , was considered. Analysis of the 
solutions passing through the res in beds was found to contain no detectable strontium. 
The polyethylene bottles were sectioned after completion of the static tes ts and the 
amount of activity detected was equivalent to less than 0.25% of the activity in 
solution at any given time during the static measurements . 

MND-3062-29 
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m , LABORATORY STUDIES 

A complete description of the experimental methods used to measure the 
solubility charac te r i s t ics of the strontium compounds under static and dynamic 
conditions is presented in this section. 

After preparat ion of the strontium fluoride powders to be evaluated under 
static conditions, twenty-gram samples of the 5 and 35 micron fractions were placed 
in 250 ml h igh- t en^e ra tu re polyethylene bot t les . Five test liquids, deionized water , 
synthetic sea water , 0.01 N HCl, 0 .1 N HCl, and 6 N HCl were prepared. The 
volume of test liquid added to each bottle was 200 ml. One set of ten samples 
(two mesh s i zes , five different liquids) was maintained at 66°C in a constant tempera­
ture water bath, while an identical set was kept at room tempera ture . Each sample 
was thoroughly mixed each day to a s su re contact between the fluoride and the test 
solutions. 

These tes ts were begun on September 9, 1965 and completed after a total of 
89 days exposure to the solutions. Approximately 2 .5 mil l i l i ters of the test solution 
were withdrawn periodically. Each sample was decanted through filter paper 
with two mil l i l i ters of the filtered liquid collected in a glass vial for gamma counting 
with the 512 multi-channel analyzer. All withdrawn solution was returned to the 
test bottles after gamma counting. 

The solvents used to measure the dissolution charac ter i s t ics of the titanate 
fuels under static conditions Included deionized water , synthetic sea water , natural 
sea water , and 0,1 N HCl. Duplicate samples were prepared for each solvent, 
for a total of 16 samples . Each sample consisted of nine g r ams of fuel, with a 
SrTiOs average diameter of 20 microns and a Sr2TiO average diameter of 16.9 
microns , and 200 ml of dissolver solution in a 250 ml high-temperature polyethylene 
bottle. One set of eight samples was allowed to stand at room temperature while an 
identical set was placed in a constant- temperature water bath at 66°C. These tes ts 
were initiated on November 16, 1965 and completed after a total of 161 days exposure 
to the test solutions. 

Approximately 2-1/2 mi l l i l i te rs of the test solutions were periodically withdrawn 
and filtered through a filter paper , with two mil l i l i ters of the filtered solution pipetted 
into a counting vial . The weight of dissolved fuel present was determined by gamma 
spectrometry measurements of the Sr-85 content. Weighed quantities of the given 
fuel were used as s tandards to calculate the concentration of strontium in solution. 

The strontium fluoride used in the dynamic solubility tes ts was classified with 

MND-3062-29 
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a 60-mesh and a 80-mesh sieve (35 micron average diameter) . Four test liquids 
were studied, 0.1 N HCl, synthetic sea water , natural sea water , and deionized 
water . All tes ts were conducted at ambient temperature with a constant flow ra te 
of solvent of one milli l i ter per minute passing through the fluoride part ic le containers . 
The O . I N HCl solvent passed through 7. 61 g r ams of SrF2 and the dissolved strontium 
was collected in a four inillili ter res in bed of Dowex AG-50W-X8, 100-200 mesh. 
The Sr-85 content of the res in bed was read directly in the well crys ta l of the detector . 
Deionized water passed through 4 ,93 g r ams of SrF2 and the dissolved strontium was 
collected in a four mill i l i ter res in bed of Dowex AG-50W-X8, 100-200 mesh. The 
Sr-85 content was again read directly in the well crysta l of the detector. 

The method used for the dynamic measurements with O . I N HCl and deionized 
water was not applicable to both sea water solvents because of the rapid exhaustion of 
resin by the salts in sea water . Synthetic sea water was passed through 4. 80 g rams 
of SrF2 and collected directly in a 100 ml beaker . The standard radiochemical 
technique of c a r r i e r precipitation was used followed by counting in a vial within the 
Nal well c rys ta l . The identical method of strontium determination was used with 
natural sea water after passage through 5.08 g rams of fluoride par t i c les . 

The solvents used for the dynamic investigation of the titanate fuels at room 
temperature included deionized water , synthetic sea water , natural sea water , and 
O . I N HCl. Glass tubes, 22 cm long x 10 mm OD (7 mm ID) were constricted 
at one end and a pad of g lass wool was placed in the constricted end to retain the 
fuel. Five g rams (nominal) of the 100-mlcron average diameter Sr2Ti04 fuel and 
96 micron average diameter SrTiOs ^^^^ were cleaned of adhering fines by water 
classification and then t ransfer red to the g lass tubes. The length of the column of 
fuel par t ic les in the tube was approximately 70 mm. No air bubbles were allowed to 
form in the column of fuel during loading or during subsequent t e s t s . The fines were 
collected and theii weight was quantitatively determined by gamma counting. The 
weight of the fines was subtracted from the total weight of the samples to determine 
the t rue weight of the samples taken. Separate samples of the two fuels were made 
for each medium, for a total of eight samples . 

In each tes t , a flow ra te of one ml /min was maintained through the glass tube. 
The effluent ("^eo ml) was collected each hour for analysis . The effluent was 
analyzed by c a r r i e r precipitat ion of the S r - 8 5 , followed by centrifuging and a t ransfer 
of the precipi ta te to a counting vial . After counting on the 512-channel analyzer , a 
correct ion for chemical yield was made and the weight of fuel dissolved determined 
using weighed quantities of the given fuel as a standard. 
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IV, RESULTS AND DISCUSSION 

Results obtained in each of the dynamic and static dissolution experiments 
a re graphically presented in Figures 3 through Figure 14. The data points actually 
measured during the tes ts a re the points shown on the graphs. Evaluation of the total 
a r eas of uncertainty in the measured values resulted in a + 20% standard deviation 
for the reported measurements . The dynamic solubility ra tes have been calculated 
as a function of mic rograms of fuel dissolved per square cent imeters of surface a rea 
exposed per minute and the static solubility r a t e s have been calculated as a function of 
micrograms of fuel dissolved per square centimeter of surface area exposed per day. 

A computer p rogram was used to obtain the ra te equations which best fit the 
curves drawn from the measured data points . The empirical formula used to approxi­
mate all the data curves was of the form: 

R = ae -bt + ce "^t + f 

where 
2 

R =^yg/cm /day or minute 

t = t ime in days or minutes 

The computer determined the constants which are presented in Table A and Table UI, 
The short t e rm dynamic ra te equations (Table III) can be used to est imate the amount of 
material dissolved initially under a given set of experimental conditions and the long 
term static ra te equations (Table A) can be used to est imate the quantity of mater ia l 
dissolved after extended exposure to par t icular solvents. Similarly, knowledge of the 
part icle size distribution (or average diameter) will enable an estimation to be made ol 
the length of time required to completely dissolve a part iculate fuel. 

A qualitative comparison of the principal experimental findings a re summarized 
according to fuels tested, experimental conditions, and solvents utilized. Quantitative 
data on the exact differences between the solubility r a t e s can be obtained from the 
figures depicting the dissolution as a function of time or can be calculated from the 
ra te equations. 

Dynamic Tes t s (Rates) 

(1) Synthetic Sea Water S r2Ti04> S rF2> SrTiOs 
(2) Natural Sea Water Sr2Ti04> SrF2> SrTiOs 
(3) Deionized Water Sr2Ti04> S r F 2 > SrTiOs 
(4) O . I N HCl Sr2Ti04> S r F 2 > SrTiOs 

(5) SrTiOs (96/^) 0 .1 N HCl > D . I , Water > Syn S.W. ;» Nat. S.W. 
(6) Sr2Ti04 (100/<) 0 . 1 N H C 1 > D . I . Wa te r> Nat. S .W.> Syn. S.W. 
(7) SrF2 ( 3 5 ^ ) 0 .1 N HC1> Syn S.W. > Nat. S . W . > D . I . Water 

MND-3062-29 
17 



TABLE m 

APPLICABLE CONDITIONS 

Rate Equations for Short Term Dynamic Dissolution of Strontium Fuels 
NOTE: The Rate Equation is in the form (except where otherwise noted): 

R = ae~bt + ce-dt + f 
R is rate expressed as J{ gms/cm^/min 
t is time expressed in minutes 

RATE EQUATION CONSTANTS 

K 
g 

^l. 
00 Q 

1 
to 

FUEL 

SrTiOg 
SrTiOa 
SrTiOa 
SrTiOs^^) 

Sr2T104 
Sr2Ti04 
Sr2Ti04(4) 
Sr2Ti04(4) 

SrF2 
SrF2 
SrFg 
SrF2 

Notes_ 

FIG. NO 
(1) 

CLTIVE NO. 

4 - 5 
4 - 6 
4 - 7 

4 - 8 

5-9 
5-10 
5-11 
5-12 

13-45 
13-46 
14-47 
14-48 

(1) 
(2) 
(3) 
(4) 

TEST 
TEMP 
(°C) 

25 
25 

25 
25 

25 
25 
25 
25 

25 
25 
25 
25 

First numbe 
SSW denotes 
Rate express 
Rate express 

FUEL 
PARTICLE 
SIZE ( ^ ) 

96 
96 
96 
96 

100.5 
100.5 
100.5 
100.5 

35 
35 
35 
35 

r denotes 
synthetic 
ed as R = 
ed as R = 

figure 
sea w 
a + bt 
a log 

S 0 L V E N T ( 2 ) 

O.IN HCl 
DIW 

ssw 
NSW 

O.IN HCl 
DIW 
NSW 

ssw 

O.IN HCl 
DIW 
NSW 

ssw 

a 

2.803x10^1 
3,336xl0"2 
6.045xl0"2 
2.988xlO"3 

2.206x10^^ 
1.991x10^^ 
-3.678x10"! 
-3.859x10"! 

7.232x10"! 
1.716x10-5 
8.383x109 
5.900xl0"2 

b 

-2.002x10^0 
-3.571x10"^ 
-1.460x10-2 
-3.5x10"' ' 

-1.201xlo!0 
-2.291x10^1 
4.807x10"! 
3.280x10"! 

-7.903xl0"2 
-1.058x10"! 
-1.983x10^ 
-1.551x10"! 

number, the second number denotes curve number. 

c 

1.530x10'! 
1.055x10'! 
2.139x10-2 
-1.7744 

l . S l l x l o ! 
4 .857x10 ' ! 
--
--

1.864 
7.100x10"^ 
8.430x10"^ 
1.190x10"! 

ater, NSW denotes natural sea water; DIW denotes deionized water. 
+ IQC+dt where 

t -̂  b where R is 
R is in>(g/cm2/min and t is in minutes. 
in ^ g / c m 2 / m i n and t is in minutes 

d 

-3.825xl0"3 
-2.061xl0"2 
-2.887xlO"3 
-2.646xl0"3 

-3879xl0"3 
-4.045xl0"3 

--
--

-2.153x10^2 
-2.000xl0"2 
-1.766xl0"3 
-2.000x10"^ 

1 

3.233xl0"2 
4.823xl0"3 
2.876x10"^ 
--

2.382 
2.857x10"! 
_-
--

1.480 
6.550xll)"2 
9.940x10-2 
1.JOOxlO"! 
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FIG. 3. STATIC SOLUBILITY OF STRONTIUM TITANATES IN NATURAL SEA WATER 
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FIG. 6. STATIC SOLUBIUTY OF STRONTIUM TITANATES IN SYNTHETIC SEA WATER 
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stat ic Tes ts (Rates) 

(1 
(2 
(3 
(4 

(5 
(6; 
(7 
(8 
(9 

(10 

(11 
(12 
(13 

(14; 
(15 
(16 
(17 
(18, 
(19 

SrFg ( 5 ^ , 25°C) 6 N HCl > 0 . 1 N HC1> Syn. S,W. > 0.01 N H C l > D.I . Water 
SrF2 (SAL, 660C) 6 N HCl > 0.1 N HC1> Syn. S.W. > 0.01 N HCl > D. I . Water 
SrF2 (35>c, 250C) 6 N HCl > 0 .1 N HC1> Syn. S.W. > 0.01 N HCl > D. I . Wator 
SrF2 ( 3 5 ^ , 6 6 ^ 0 6 N H C 1 > 0.1 N HCl > Syn. S.W. > 0.01 N HCl > D. I . Water 

SrF2 (25 and 66°C) Syn. S.W. 35/(> 5x< (by approximately a factor of 10) 
SrF2 (25 and 66°C) D . I . Water 35/<> 5 n^ (by approximately a factor of 10) 
SrF2 (25 and 66°C) 0,01 N HCl 35/(> 5x< (by approximately a factor ol 10) 
SrF2 (25 and 66°C) O . I N HCl 35A>5i^ (by approximately a factor of 10) 
SrF2 (25 and 66°C) 6 N HCl 35i<> 5M (by approximately a factor of 10) 
S r T i 0 3 ( 2 5 ° C , 2 0 ^ ) 0 .1 N HCl > Syn. S.W. = Nat. S.W, > D. I . Water 
S rT i03(660C, 20x(.) 0 . 1 N H C 1 > Syn. S.W. = Nat. S.W. > D.I , Water 
Sr2Ti04 (Oe^C, 17/^) 0 .1 N HCl = Syn. S. W. = Nat. S. W. = D . I . Water 
Sr2Ti04 (66°C, 17^) 0 .1 N HCl = Syn, S. W. = Nat. S, W, = D.I . Water 

Synthetic Sea Water (25°C) S r2T i04> 35./^ SrF2> SrTiOa;^ 5 ^ SrF2 
Synthetic Sea Water (ee^C) Sr2Ti04> 35^ SrF2> 5/.̂  SrF2> SrTiOs 
Deionized Water (25°C) Sr2Ti04> SrTiOs > 35/^ SrF2 > 5 ^ SrF2 
Deionized Water {66°C) Sr2Ti04> SrT iOs? 3a^< S r F 2 > 5 4 S r F 2 
O . I N HCl ( 2 5 ^ 0 Sr2Ti04W 3 5 ^ SrF2> 5^( S r F 2 > SrTiOs 
0.1 N HCl (66°C) S r 2 T i 0 4 « 35x SrF2> 5^ S rF2> SrTiOs 

The short t e rm solubility r a t e s of the three fuels tested under djnamic conditions 
exhibited identical t rends in the solvents examined. The ra te of Sr2Ti04 was the highest, 
whereas , SrTiOs was the lowest. The short t e rm solubility r a t e s in the four solvents 
were found to vary according to the fuel tested. All three fuels exhibited the maximum 
solubility in HCl, but SrF2 was least soluble in deionized water , whereas , the solubilit\ 
of the ti tanates was g rea te r in deionized water than in either of the two sea wa te r s . 
This dependence of SrF2 on the concentration of anions (halogens) in the solvents was 
also noted in the static test r e su l t s . 

All fuels, whether measured under dynamic or static conditions, have an initial 
high solubility ra te which subsequently decreased as a function of t ime. This was 
observed when powders were pre-washed and remained unwashed and for all solvents. 
During the first few minutes of dissolution, a lew of the short t e rm dynamic tes t s in­
dicated that the solubility ra te was increasing to a maximum before the long t e rm 
decrease in r a t e was affected. This "leveling oflf" or the indication of a long t e rm 
constant ra te was observed in most of the dissolution t e s t s . 

The total surface a r ea exposed per g r a m of mater ia l was found to have a 
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significant effect on the solubility r a t e . The dissolution ra te of SrF2 par t ic les which 
had an average diameter of 35 microns was an order of magnitude grea te r than the 
r a t e of 5 microns , average diameter par t ic les for all solutions tested. This trend of 
smal le r exposed surface a r e a result ing in higher ra tes i^g fuel /cm" of surface 
area/uni t time) was in agreement with the data previously reported for SrTi03 
pel le ts . The surface area per g ram of fuel was much smaller for the pel lets and con­
sequently the solubility r a t e s of the titanate pel le ts were reported higher than those 
ra te measurements conducted on titanate powders in this study. 

Tempera ture had little effect on the sequence of solubility of SrF2 in the 
test solutions. This observation was noted for both 5- and 35-micron size par t ic les . 
Also, the tempera ture did not effect the observed order of magnitude difference 
between the solubility r a t e s of the two par t ic le s izes tested. 

Tempera ture was found to have only a minor effect on the solubility charac ter i s t ics 
of the titanate fuels. Measurements made at 66°C shifted the solubility rate sequence 
in synthetic sea water of SrTiOs and 5/<:SrF2. The only time a 25°C measurement was 
found to have a higher solubility r a t e than the 66°C measurement was for both 5- and 
35-micron diameter SrF2 par t ic les in deionized water . As was noted during the short 
t e rm dynamic dissolution studies, SrF2 dissolution in deionized water was the lowest 
and appeared to be directly dependent upon the halide concentration in the test solution. 
A similar dependence for titanate fuels in deionized water was not observed. 

A significant difference between the r a t e s in synthetic and natural sea water 
was not noted. Both Sr2Ti04 and SrTi03 powders at 25*̂  and 66°C exhibited almost 
identical dissolution ra tes as a function of t ime. Small differences, which varied as a 
function of the initial solubility, were obsei-ved in the dissolution ra tes of the short 
t e rm measurements . 

A summary of all the test resu l t s is presented in Tables IV and V. The 
percent dissolved from the surface of each size part icle has been calculated from the 
star t of the dissolution to that time at which the ra te became constant. The remaining 
part icle size will then dissolve at the steady state dissolution r a t e . Knowledge of the 
part ic le size and the ra te of dissolution will enable an est imate of the time required 
for the complete dissolution of the radioactive material . 
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TABLE IV 

Long Term Static Dissolution of Strontium Fuels 

At Steady State 

§ 
2 
1 

CO CO 
CO o 

to 
1 
to 
c£> 

O r i g i n a l 
P a r t i c l e 
Size (|Ji) 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

5 

5 

5 

5 

5 

5 

5 

5 

T e m p e r a t u r e 
(oC) 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

66 

25 

66 

25 

25 

66 

D i s s o l v e r 
Solution 

SSW 

SSW 

DIW 

DIW 

6. ON 

6 . 0 N 

O . I N 

O . I N 

H C l 

H C l 

H C l 

H C l 

0 . 0 1 N H C l 

0 . 0 1 N H C l 

SSW 

SSW 

DIW 

DIW 

6 N HCl 

6 N HCl 

0 . 1 _N 

0. 1 N 

HCl 

HCl 

Fue l 
F o r m 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F g 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

R r F ^ 

S r F ^ 

S r F ^ 

S r F ^ 

D i s s o l v e d , 
Uns teady State 

(~%) 

0 . 8 1 

1.7 

0 .099 

0 .078 

2 6 . 4 

70 .2 

1 2 . 3 

1 2 . 9 

0 .254 

0 .266 

1.46 

2 . 5 6 

0 .07 

0 . 1 1 

8 5 . 0 

3 2 . 9 

17 .4 

19 .7 

Ca lcu la t ed 
Size ( î) 

35 

34 .6 

35 

35 

31 . 5 

27 

3 3 . 7 

3 3 . 5 

3 5 -

3 5 -

4 . 9 

4 . 8 

5 . 0 

5 . 0 

1.25 

4 . 2 

4 . 7 

4 . 6 

Dis so lu t ion ] 
2 

(^ig/cm /d{ 

0 .25 

1.0 

0 .012 

0 . 0 1 8 

10 .0 

17 .0 

4 . 0 

4 . 5 

0 .02 

0 .06 

0 .014 

0 . 1 3 

0 .0007 

0 .0015 

1.7 

0 . 8 

0 . 3 3 

0 . 4 8 
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TABLE IV (Cont) 

At Steady State 

^ 

o 
1 

CO CO 
)^ o 

to 
1 
to 
CO 

O r i g i n a l 
P a r t i c l e 
Size (fi) 

5 

5 

20 

20 

20 

20 

20 

20 

20 

20 

17 

17 

17 

17 

17 

17 

17 

17 

T e m p e r a t u r e 
(°C) 

25 

66 

26 

66 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

25 

66 

D i s s o l v e r 
Solution 

0 . 0 1 N H C l 

0 . 0 1 N HCl 

DIW 

DIW 

SSW 

SSW 

NSW 

NSW 

0 . 1 N H C l 

O . I N H C l 

DIW 

DIW 

SSW 

SSW 

NSW 

NSW 

0 . 1 N H C l 

0 . 1 N H C l 

Fue l 
F o r m 

S r F ^ 

S r F ^ 

SrTiOg 

S r T i O g 

S rT iOg 

S rT iOg 

S r T i O g 

S rT iOg 

S rT iOg 

S r T i O g 

S r T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

S r ^ T i O ^ 

D i s s o l v e d , 
Uns t eady Sta te 

0 .068 

0 .47 

0 . 2 1 

0 .35 

0 .37 

0 . 8 3 

0 .40 

0 .72 

2 . 0 9 

3 . 1 3 

7 8 . 8 

95 

8 3 . 5 

>95 

75 .6 

95 

7 8 , 8 

9 7 . 6 

Ca lcu la ted 
Size {\i.) 

5 .0 

4 . 9 8 

20 

1 9 . 8 

19 .8 

19 .7 

19 .8 

19 .7 

19 .5 

19 .4 

10 

6 . 4 

9 , 1 

~5 

11 

6 .4 

10 

4 . 9 

D i s so lu t i on R a t e 
2 

( | i g / cm / d a y ) 

0 .0012 

0 .018 

0 . 0 2 3 

0 .02 

0 ,045 

0 .085 

0 .049 

0 .087 

0 ,17 

0 .39 

3 , 8 

4 . 5 

3 . 8 

5 .2 

3 . 3 

4 . 8 

3 .5 

4 . 8 
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TABLE V 

Short Te rm Dynamic Dissolution of Strontium Fuels 

At Steady State 

M
N

D
-3062-

35 

to 

Original 
Par t i c le 
Size (fJL) 

96 

96 

96 

96 

100 

100 

100 

100 

35 

35 

35 

35 

.5 

,5 

.5 

.5 

Tempera ture 
(°C) 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Dissolver 
Solution 

0 .1 N HCl 

DIW 

SSW 

NSW 

O . I N HCl 

DIW 

NWS 

SSW 

0.1 N HCl 

DIW 

NSW 

SSW 

Fuel 
Form 

SrTiOg 

SrTiO 3 

SrTiOg 

SrTiOg 

Sr^TiO^ 

Sr^TiO^ 

Sr^TiO^ 

Sr^TiO^ 

SrF^ 

SrF^ 

SrF^ 

SrF^ 

Dissolved, 
Unsteady State 

(~%) 

0.547 

0,109 

0.083 

0,039 

43.64 

3.18 

2.80 

1.80 

32.5 

1.22 

5.08 

4 .51 

Calculated 
Size {\x) 

95 

95.5 

95.7 

95.9 

86 

100.3 

100.3 

100.4 

31 

34.7 

34.2 

34.2 

Dissolution 

(pg/cm A 

41.8 

4 .5 

4 .6 

3.7 

2448 

360 

288 

194 

2304 

93.6 

144 

165.6 
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