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PREPARATION AND CHARACTERIZATION OF CESTUM-137 ALUMINOSILICATE
PELLETS FOR RADIOACTIVE SOURCE APPLICATIONS*

F. J. Schultz, J. A. Tompkins, K. W. Haff, and F. N. Case
Radioisotope Department

ABSTRACT

Twenty-seven fully loaded 137Cs aluminosilicate pellets
were fabricated in a hot cell by the vacuum hot pressing of a
cesium carbonate/montmorillonite clay mixture at 1500°C and
570 psig. Four pellets were selected for characterization
studies which included calorimetric measurements, metallography,
scanning electron microscope auwd electron backscattering
(SEM-BSE), electron microprobe, X-ray aiffraction, and cesium
ion leachability measurements. Each t:si pellet contained
437 to 450 curies of 137Cs as determined by calorimetric mea-
surements. Metallographic examinations revealed a two-~phase
system: a orimary, granular, gray matrix phase containing
large and small pores and small pore agglomerations, and a
secondary fused phase interspersed throughout the gray matrix.
SEM-BSE analyses showed that cesium and silicon were uniformly
distributed throughout both phases of the pellet. This
indicated that the cesium~silicon-clay reaction went to
completion., Aluminum homogeneity was unconfirmed duz to the
high background noise associated with the inherent radioactivity
of the test specimens. X-ray diffraction analyses of both radio-
active and non-radioactive aluminosilicate pellets confirmed the
crystal lattice structure to be pollucite. Cesium ion quasi-
static leachability measurements derermined the leach rates of
fully loaded 13 Cs sectioned gollucite pellets to date to be
4.61 to 34.4 x 10 10 kg m , while static leach tests per-
formed on unsectioned fully loaded pellets showed_ the leach rates
of the cesium ion to date to be 2.25 to 2.41 x 10 12 kg m 25 1.
The cesium ion diffusion coefficients through the pollucite
pellet were calculated using Fick's first and second laws of
diffusion. The diffusion coefficients calculated for three
tracer level !37Cs aluminosilicate pellets were
1.29 x 10 16m2g™1, 6.88 x 10 17a%s™), and 1.35 x 10 7m2s”!,
respectively.

INTRODUCTION

The demonstrated benefits that can be derived from the use of

f.amma-ray irradiation of sewage sludgel’2 to further reduce pathogens,3

*Research sponsored by the Division of Nuclear Energy, U.S,.

Lepsrtment of Energy under contract W-7405-eng-26 with the Union Carbide
Corporation.



and of food to extend shelf life,“’>'® has provided incentive for the
characterization of 137Cs sealed sources used in process irradiation.
While byproduct 137¢cs as cesium chloride has been used for a number of
years in relatively small sealed sources, containing up to 2,500 Ci with-
out source failure, thé high solubility of the chloride has a potential
for release of 137Cs if the capsule fails. Investigaticn of low solubility
compounds to overcome this problem has been carried out’ and cesium
pollucite prepared by high temperature reaction of alumincsilicate clay
and 137Cs carbonate has been prepared and ~haracterized. While the gamma
ray production per unit of cesium pollucite is lower than that of cesium
chloride and costs are higher, the added safety of a low sclubility
compound is available if needed. This report describes the preparation

and testing of cesium pollucite.
CESIUM POLLUCITE PELLET PRODUCTION

Experimental Procedure

The process steps involved in producing the 137cs aluminosilicate

pellets are illustrated in Fig. 1. The major process steps included the

following.
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Fig. 1. Cesium-137 Aluminosilicate Pellet Production
Process Steps
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1. The purification of the 137¢csc1 to remeve impurities such as 137p4
and rubidium.

2. The coprecipitation of oxalic acid crystals and cesium in the form

of cesium tetraoxalate {CsH3(C,04),*2H,0].

3. The calcining of the cesium tetraoxalate to form cesium carbonate
(Cs,C03).

4. The mixing of the Cs;C03 with a montmorillonite clay to form a
pre—pollucite powder.

5. The vacuum hot pressing of the Cs;C03/clay mix“ure to produce
pollucite (CsA1S1,0¢°nH,0).

These steps are discussed in greater detail below.

Cesium-137 Chloride Puyrification

Cesium-137 chloride was received from Hanford, Washington in a
shielded shipping cask (Fig. 2). The cask can hold up to two Hanford
waste encapsulation and storage facility capsules in which the hot cast,
solid cesium chloride is contained (Fig. 3). After removal of the cesium
chlocide from the capsule, it was purified® to remove the 13783 and
rubidium impurities according to the following procedure.

e, - lwG 8 -sear

NFBK- 43

Fig. 2. Haaford Shiclded Shipping Cask
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Fig. 3. Hanford Waste Encapsulation and Storage Facility Capsule

Add 500 ml 0.10 N HC1 to 200 g of ground cesium chloride powder.
Digest solution at 90°C with agitation for 1 hour. The pH is
adjusted by adding 10 mi aliquots of 0.10 N HC1l until the pH is

6 to 7.

Filter the digested solution through a medfum porosity fritted plass
filter into a vacuunm flask.

Pour the filtered material into a tantalum beaker and boil to
dryness.

Add 500 ml distilled water to the dried powder and stir until
dissolved. Solution pH should be 6 to 7.

Filter the solution through a Millipore filter and transfer to the
tantalum beaker.

Heat the solution to dryness on a hot plate set on medium heat.
Constantly stir the solution to avoid caking.

Bake the powder on medium heat for 1 to 2 hours.




9. Weigh and store the powder in a stainless steel beaker.

10. Sample for 137Cs, 13"Cs, 137Ba, and Rb to assure product puarity.

Nine 200 g batches oi 137CsCl each were processed azd 1,777.5 g of
pure 137¢gC1 was recovered (a 98.87 recovery). A neutron activation
analysis of the 137¢sc1 product showed it contained 23.4 Ci/g of 137¢cg,
giving a total of 41.5 kCi of 137¢s processed. [Neutron activation
analysis involves the production of a radioisotope through arn (n,f)
reaction with analysi- of the concomitant gamma rays as a measure of the

kind and quantity of isotope present in the sample.]

Cegsium—137 Chloride Conversion

The purified 137CsCl is first converted to CsH3(C,04),°2H,0 through
digestion with oxalic acid and the resultant solid is calcined at 500°C
for 16 hours to yield Cs,CO;. The procedure? presented below was used to

convert the cesium chloride to Cs;COj;.

1. Dissolve 570 g oxalic acid in 2.7 liters of distilled wa*ter at 70°C.

2. Dissolve 150 g purified 137CsCl in 300 ml distilled water and mix
with oxalfc acid solution.

3. Digest the solution mix for 1 hour at 70°C.

4., Cool the digested solution to 14°C and hold for 30 minutes.

5. Filter crystals of CsH3(C,0,),°2H;0 and unreacted oxalic acid
through a 500 ml coarse porosity fritted glass filter and wash
with 0.5 liters of saturated oxalic acid solution.

6. Transfer crystals to a glass beaker and dry at 200°C for 2 hours.
Store in desiccator for combination with future batches.

7. Recycle filtrate from step 5 back to process vessel.

8. Digsolve 107 g 137¢gc1 in recycle filtrate to increase cesium
concentration.

9, Add 200 g oxalic acid crystals to filtrate solution and heat with
gentle agitation at 70°C.

10. Repeat steps 3 through 6 and combine dry crystals with first batch
produced.

11. Recycling of filtrate 1is repeated until a total of 4 batches of
CsH3(C204),°2H,0 18 prepared.



12. The combined dry Cs43(C,04),°2H,0 containing free oxalic acid crystals
is dried at 150°C for 2 hours. This procedure sublimes the oxalic
acid without entrainment of the cesium and subsequert loss of product.

13. The dried CsH3(C,04),°2H,0 is calcined at 509°C for 16 hours. The
temperature should not exceeda 500°C so as to avoid cesium oxide
volatility.

14. Cool the Cs;CO3 product, grind, and store it in a desiccator ior
use in pollucite preparation. Weigh and sample for determination
of 137cs content and elemental impurities.

The procedure outlined above produced the quantities of Cs,CO3
listed in Table 1.

Table 1. Cesium Carbonate Production Yields

Quantity of Curie
Type of Cs,CO; Cs,C03 produced content
(8) (ci)
Full level !37cs,cC04 328.4 8,177
Full level 137¢s,C04 489.1 11,445
Tracer level 137C52C03(a) 200 4 x 10 3
Stable Cs;CO3 ~500 nil

aApproximately 200 g of tracer level Cs,C0; contain-
ing 4 mCi of 137¢s was produced according to the chloride
conversion procedure. This powder was combined with
stable Cs,C03 in a 1:3 ratio to produce the 25 to 73%
tracer level CsCO3 powder.

An attempt was made to minimize possible cesiun oxide (Cs,0) volatil-
ization by reducing ihe calcining temperature employed ir converting the
CsH3(C504)2°2H,0 to Cs,CO3 from 500°C to 450°C. Also, the calcining
time was reduced from 16 hours to 8 hours. Previous operating experience
in producing Cs;C03 suggested that the temperature and time reductions
would not adversely effect the Cs,C03 production. However, an earlier
experiment conducted by our group had indicated that the conversion from
the tetraoxalate to the carbonate was both temperature and time
dependent (Table 2). The weight percent of cesium in the pure carbonate
is 81.6%. The precise effect of the temperatu-e lowering on the
CsH3(C70,)7°2H,0 conversion, however, required further elucidation.

Approximately 50 g of stable (non-radioactive) Cs,CO3; was produced by




calcination at 450°C for varying lengths of calcining time. Three batches
of powder were calcined at 450°L for 6.5, 10, and 24 hours, respectively.
This range of calcining times should indicate the length of time required
for full conversicn to the carbonate at the reduced temperature. The

results are presented in Table 3.

Table 2. Cesium Tetraoxalate Conversion Data — Part I
S le I.D S:icizzzizz 2:;2§i::iz£ Cesium Carbonate Oxalate Oxides
ample 1.B. ‘z.c) Pk (wt Z) (wt Z) (wt Z) (meqa/g)
TERRA ST-2P 425 16 72.5 2.42 22.4 0.075
TERRA ST-3P 450 16 74.8 4.27 13.7 0.28
TERRA ST-9P 450 18 80.2 16.5 1.93 2.43
Table 3. Cesium Tetraoxalate Conversion Data — Part II
Calcination Duration of .
Cesium Carbonate Oxalate Oxides
Sample I.D. temﬁf;;ture calct;?tion (wt 2) (Wt Z) Wt %) (meq/g)
TERRA SUP 1 450 6.5 71.1 1.28 23.8 <0.05
TERRA SUP 2 450 24 72.2 16.8 2.41 <0.05
TERRA SUP 3 450 10 67.9 3.28 21.62 <0.95

The results from the calcination of the tetraoxalate at 450°C using
varying lengths of calcining time indicate that 36 to 48 hours would
be required at the reduced temperature to convert an acceptable quantity
of the tetraoxalate to the carbonate. The calcination time of 36 to 48 hr
was determined to be excessive since 4 1/2 to 6 worker shifts (8 hr/shift)
would be required to attend the calcination at the reduced temperature,
whil= only two shifts would be necessary at the elevated temperature.
powder which had peen calcined at 450°C was recalcined at 500°C for
16 hours.

The

Metal stirrers and process vessels were avoided during the

Csh3(Cy04)-°2H,0 conversion in order to minimize possible contamination

of the final product with iron, chromium, etc. Iron disrupts the

CsA1S170¢°nH;0 crystal lattice and thus tends to weaken the alumino-

silicate pellet. As a consequence glass stirrers and beakers were used



during the crucial digestion and calcination steps. Chemical analyses*

for iron content in seven pollicite pellets are given ia Table 4.

Table 4. Iron Content of Cesium Pollucite Pellets

Sample I.D. Iron Content

(ppm)
TERRA 3 247
TERRA 4 382
TERRA 5 277
TERRA 6 305
TERRA 7 252
TERRA 8 235
TERKA 9 210

Cesium Carbonate/Clay Conversion

The final etep in the production of pollucite pellets is the con-

version of a Cs,C03/clay mixture to pollucite by vacuum hot pressing.

Prior to the vacuum hLot pressing the Cs,;CO03 is dissolved in water to make

a solution which is 2.5 te 3.0 M in Cs;C03. The aluminos:licate ~lay is

then added to the carbonate solution in small batches. The following

procedure was used in producing the pre-pollucite mixture of Cs,C03 and

aluminosilicate.
1. Weigh out 100 g of dry Cs,CC3 powder.
2, Measure 105 ml of distilled water into a mixing bowl. This will
make a solution that is 2.5 to 3.0 M in Cs,CO03.
3. Pour the Cs;C03 sJowly into the mixing bowl containing the distilled
water. Mix thoroughly. The dissolution of Cs,C03 is 2xothe mic.
4. Calculate the quantity of montmorillonite clay [gel White L (GWL)]
required to produce the pre-pollucite mixture.
Wt GWL = (1.667) (wt fraction Cs)(wt of Cs,CO3 powder)
For the 100 g of Cs,C03; powder there should be ~130 g of GWL.
The clay should be dry.
5. Pour the GWL into the Cs,C03 solution in small batches while

mixing thoroughly.

#1411 chemical analyses were perfornied by the ORNL Analytical

Chemistry Division.




6. Spread the resulting paste on the walls of the drying container
and cut vertical grooves in the paste. The grooves facilitate
removal of the dried paste from the container.

7. Dry the paste for 8 hours at 15C°C.

8. Grind the dry solid in a blender.

9. Sieve the powder through a 30 mesh sieve tray. Recycle unpassed
powder back to the blender. Repeat until all the powder passes
through the 30 mesh sieve.

10. Store the powder in a desiccator. The powder is hygroscopic.

The alw.inosilicate clay material used in the production of
CsAl5170¢°nH, 18 a purified, low iron content, montmorillonite clay
known as gel White L (supplied by Georgia Kaolin Company). Gel 'hite L1°
is a white, microgranular montmorillonite with a moisture content of
~102. Mcatmorillonite minerals!l are a group of secondary minerals
derived from the breakdown of ferro-magnesium rich igneous rock. Other
members of the secondary clay minerals include kaolin, chlorites, vermi-
culites, and hydrous micas. They are of variable composition containing
aluminum, silicon, magnesium, and other elements. The ideal montmorillonite
has the following chemical formula: Al,(Si,)0;0{0H),Xx*H,0. Mont-
morillonites, beidellite, and nontronite form one series of minerals where
silica, alumina, magnesia, iron oxide, and water are the principal com~
ponents. The general name given to clays which contain appreciable
quantities of montmorillonite minerals is bentonite. The structural
formule for GWL Js

L
(S17,¢5A1g,35) (Al3, 0Feq, 09> Mg, 74)020(0H)(Cag, 34Kg, 01Nag, 31)

Gel white L disperses readily in water to form a colloidal suspension
and a 15 wt Z quantity of GWL is required before a gel .casistency
colloidal suspension is produced. This characteristic is illustrated in
Table 5 where viscosities of water dispersions with varying GWL weight
percents are listed.!®
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Table 5. Viscosjties of Aqueous Gel White L Dispersions

Gel white L Brookfield helipath viscosity
(wt X) (cps €@ 5 rpm)
5 20
7 24
9 70
11 550
13 4,400
15 18,600

The results of an ORNL elemental chemical analysis of GWL are given
in Table 6.

Table 6. Elemental Chemical Analysis of Gel White L

Aluminum Silicon Iron Oxide
Saample 1.D. e 1) vt %) Wt 2) (vt %)
TERRA GWL 2 8.70 29.1 C.50 60.0

The amount of CWL added to the Cs;C03 slurry to fabricate the correct
pre-pollucite mixture is obtained from Eq. (1).*

(1.667) (wt-fraction of Cs in Cs,C03 powder)

x (weight in grams of Cs,C03 powder) )

Weight of GWL in grawms =

Actually the powder is not pure Cs,CO0; since the weight fraction would be
a constant 0.816 as mentioned previously. The powdur, however, contains
oxalate due to the incomplets conversion of the tetraoxalate and oxide due
to the further conversion of a small amount of the carbonste to Cs,0 and

ceslum superoxide (Cs0,)(Table 7).

Table 7. Cesium Carbonate Chemical Analysis Results

Cesium Carborate Oxalate Oxides

Sample I.D. /79y (wt 2) (vt 2) (Wt 2)
TERRA ST-5P  77.6 18.8 0.67 £0.05
TERRA ST-6P 81.8 18.8 0.03 <0.05
TERRA ST-7P  83.2 18.4 0.26  <0.05

*See Appendix B for derivation and discussion of Eq. (1).
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After the GWL clay has been combined with the Cs~CC3 in the proper
proportions, it must be loaded into the 2raphite die for tne conversion to
pollucite. 7Three procedures for loading the charge of pre-poliucitz powder
into the die were devised and tested with subsequent analysis of the pellet
produced by each technique to determine the method’s efficacy. Two met.cis
involved wetting the carbonate/clay mixture with disvilled water to form
a paste and then forming the paste intec a cylinder by pressing in a die
(Method 1, Appendix A), or by centrifuging (Method 2, Appendix A). After
drying the rod or cylinder of pre-pollucite powder it is then lscaded into
the die for vacuum hot pressing. The third method simply involves pouring

the powder thrnugh a funnel into the bore hole of the hot press die.

Optical microscopy, BSE, SEM, and EDX analyses of the aluminosilicate
pellets produced by Methods 1 and 2 revealed that these processes produced
+ '
pellets which were plagued by Cs migration towards the pellet’'s ouier

surface and by scvere phase separations.

An SEM and EDX analysis across a 12 mm slice (center to periphery
of pellet) of a sample pellet produced using Method 2 indicated an
inhomogeneous cesium concentration profile (Table 8).

Table 6. Elemental Mcle and Weight Fractions
of a Cesfum Aluminosilicate Pellet!~

Mole fraction Weight percent

Cesium Aluminum Silicon Cesium Aluminum Silicon

Point 1 0. 1440 0.0798 N0.1838 52.58 5.93 14.19
(near center
of pellet face)

Point 1A 0. ladé 0.0760 0.1868 52.€1 5.63 14.40
Point 2 0.1417 0.0771 0.1875 57.21 5.76 14.58
Point 3 0.1454 0.08 - 0.1799 52.90 6.00 13.82
Point 4 0.1551 0.0742 0.1829 54.86 5.133 13.59
Point 5 0.1705 0.0667 0.1825 57.77 b.59 13.05
Point 6 0.2132 0.0733 0.1524 64.32 4.48 9.71
(edge of

pellet)

The above sample pellet contained a minimum of 257 more cesium than

the stoichiometric /uantiry of cesium in the pollucitc cr stal lattice
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structure. The weight percent of cesium in the unhydrated pollucite is
42,62 compared to the 52 to 64 wt Z cesium in the ahove sample. This
excess cesium in the carbonate, oxide, or superoxide forw would be more
suscep-able to any leaching agents such as water since cesium is less

tightly bonded in thesc forms than it is in the pollucite crystal lattice.

The cesium concentratini. profile depicted in Tahle 8 may be explained
by the rotatirg action of the centrifuge which crused the slight excess
of water existing in the pre-pollucite paste to migrste vowards the
surface. This excess water would have dissolved some of the more soluble
cesium-containing compounds (mostly Cs,CO; with small amounts of
CsH3(C»04)2°2H20 and Cs;0) in the paste ard thus would have caused a
moderate increase in the cesium concentration on the pellet surface when

the water was forced to the surface.

Optical micrograph and BSE studies of the aluminosilicate pellets
produced using Method 1 show a phase separation into light (solid,
possibly fused masses) and dark (finely divided particles with high poros-
ity). Count data obtained froi these two phases yield elemental weight
when compared with known standards (Table 9).

Table 9. Electron Backscattering Elemental

Composition Comparison of Grain and Boundary
Phases of a Cesium Aluminosilicate Pellet

Grain (dark area) Boundary (light area)

Element (Wt %) (wt 2)
Aluminum 3 1
Silicog 10 14
Cesium 1.5 1

“No cesium standard was available and, therefore,
the numbers reported for cesium are relative Intensities
aad not absolute weight percents.

The relative intensities obtained for the cesium show a one-third
decrease in the amount of cesium in the light (boundary) phase compared
to the quantity of cesium in the dark (grain) phase. This inhomogeneity
is an undesirable charecteristic for a cesium source compound. Due to
these cesium inhomogeneities Methods 1 and 2 were discontinued and ’
Method 3 was readopted. Alchough cptical micrograph and X-ray dif-

fraction analyses of a non-radioactive pollucite pellet produced earlyiin
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rthe program using Method 3 indicated the existence cf light and dark areas,
there was no elemental or chemical conposition difference detected.!3
Metaod 3 for pre-pollucite powder mix*:re loadiig was used for the re-

mainder of the pellet production runs.

The final procedure for vacuum hot pressing the pre-pollucite powder
mixture (Cs,C03/montmorillonite clay) is given below. This procedure
outlines the die loading, furnace loading, heating and pressing, cooling.
furnace unloading, pellet ejection, and peliet storage steps involved in

producing a CsAlSi,;0¢°nH,0 pellet.

A. Die Yoading
1. Insert the prexclled grafoil sleeves into the die body.

2. Insert the bottom punches (with the punch head pointing up)
jnto the die body. Position each punch carefully over the bore
hole and using the protruding grafoil as a guide drop the bottom
punches into the di~ body. Check the grafoil for visihle tears.

3. Inmsert the first grafoil disc into each bore hole of the die
body. Check that the discs are seated properly on top of the
bottom punch.

4, Lift the die body and slowly transfer it to the die loading
stand.

5. Transfer the fuel increment (2 45 g charge of the Cs-C0O;/clay
mixture) from the fuel container into the die body using a spoon
and a funnel. The density of the prao-pollucite charge is
A1.5 to 1.7 g/cm3.

6. After assuring that the powder is level place the remaining
grafcil disc on top of the powder. Check that the discs are
seated properiv.

7. Carefully insert the top punches into tle die. C(Check the

grafoil for visible tears.

B. Furnace Loading

1. Carefully 1lift the loaded die and position it onto the furnace
baseplate.

2. After the die is in place inspect the alignment of the assemil:
to insure that there is no contact between the die and heating

element, and the element and heat shield.
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Install the heat shield cover.

Slowly lower the vacuum hot press bonnet onto the base and
guide it until the two sections are seated properly.

Extend the hydraulic ram until the powder-pellet pressure gage
corresponds to a pressure of approximately 500 psig.

Check the VHP power unit for proper operation.

Jpen the vacuum block valve and turn on the vacuum pump.
Evacuate the furnace to (-) 24 inches Hg.

Purge the hot press six times with argon and vacuum. Evacuate
the furnace to (-) 24 inches Hg.

Turn the water on to the cooling circuits (tase, 2lectrodes,
bellows, and the bonnet).

Turn the main power switch on the VHP power unit to the on
position. Set the vol.age and amperage controls to give 1000
watts. Begin recording date, time, volts, amps, vacuum,
hydraulic ram pressure, and ram travel at 5 minute intervals.
After one hour has elapsed, increase the voltage contrcl to
maximum setting (47 volts). DO NOT exceed 22,000 watts of

power.

Heating and Pellet Pressing

1. Maintain power pre:sure and vacuum ser*ings throughout the
course of the run.

2. Continue pressing until no ram travel is registered for six
successive readings.

Cooling

1. Turn the VHP power supply off.

2. Maipntain the 500 psig and ->oling water flow rate to the furnace
for at least two hours.

3. Open the argon line to the VHP valve and allow Ar(g) to flow
into the VHP until the pressure reac*es (-) 2 inches Hg.
Release the pressure on the hydraulic ram. Tuvrn off the cooling
water.

4. Open the vent valve to the VHP.
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E. Furnace Unloading and Pellet Ejection

1. Move the hydraulic pump to retract a.d retract the ram until
the bonnet raises off the base. Continue raising the bonnet
until it clears the die's top punch.

2. Remove the heat shield cover.

3. Remove the die to the cell floor.

4. Remove the pellets from the die body.

F. Pellet Storage
1. Record the weight of the pellet using the double beam balance.

2. Measure the height of the pellet using the 0—2 in. micrometer.
3. Measure thLe diameter of the pellet using thke 0-2 in. micrometer.

4. Place the pellet in the pellet storage tray.
Experimental Equipment

The CsAlSi;0g°nH,0 pellets were fabricated employing a device callea
a vacuum hot press (VHP)!% (Fig. 4). A VHP comsists of the following
major components: a water cooled upper and lower 304L stainless steel
housing which encloses the area to be heated; a stainless steel bellows
assembly whicn transmits the pressure supplied by a hydraulic ram to the
pollucite pellet; ATJ graphite power terminals which supply the electricity
required to heat the pellet charge; an ATJ graphite heating element used tc
convert the electricity to resistance heating and radiantly transmit it to
the pellet charge; a molybdenum heat shield which reflects the radiant heat
from the heating element and di: back towards the die for maximum heating
of the pollucite charge; an ATJ graphite die used to contain and form
the pollucite charge; and a Czrbosil 45 graphite base plate used to
support the die, heating element, and heat shield.

See Fig. 5 for a rketch of the VHP components. Two VHPs were uti-
lized during the development and production stages of the CsA1Si,0¢°nH,0
program: one small VHP hovsing a one-hole (one pellet) die and a larger
VHP housing a three-hole (three pellets) die. Some of the details of the

VHl's major components will be discussed later in this section.
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The two parameters involved in controlling the production of pellucite
were temperature and pressure. A pressure of 500 to 570 psig was applied
to the pre-pocllucite powder before the power to the heating element was
initiated, during the transformation of the powder to pollucite. and after
the formation of the pellet was completed. This pressure cycie assured the
conversion of the Cs,C03/clay mixture to the desired CsAlSi;0¢-nH,0. The
pressure was easily controlled and monitored by a manually operated hydrau-
lic press which was coupled to the pollucite pellet via the VHP bellows and

tronsmitter rod assemblies.

Terperature was the more difficult parameter to control in terms of
both achieving the required conversion temperature and monitoring the
precise temperature. Sandia Laboratories had suggested that a temperature
range of 1500°C to 1550°C (as well as a pressure of 500 psig) would be
necessary to convert the Cs,;C03/clay mixture to pollucite. To assure that
this temperature was being achieved several techniques for temperature
measurement were employed. First, a graph of "pellet" temperature vs VHP
input power was constructed to obtain a useful correlation which would
simplify hot cell operation. The graph was obtained by allowing the
graphite die in which the thermocouple was imbedded (the temperature
sensitive junction was separated from the pellet by G.64 cm [1/4 in.] of
graphite and alumina tubing [Fig. 6]) to attain thermal equilibrium at a
corresponding power setting. The temperature was then recorded yielding

31 point on the temperature vs power curve.

A platinum-plarinum (rhodium) thermocouple, which had been calibrated
at a lower temperature range (up to 1200°C) using a chromel-a}umel thermo-
couple, was used to obtain the 'pellet” temperature. However, the emf
produced at the Pt~Pt(Rh) junction was not an accurate representation of
the pellet's temperature since the thermocouple was surrounded by an
alumina tube and separated from the pellet by 0.32 cm (1/8 in.) of ATJ
graphite. The slumina tube (melting point 2045°C) was necessary to
protect the sensitive thermocouple material from graphite attack during
the heating cycle. To account for the temperature gradient across the
graphite and alumina, early temperature calibration experiments utilized

pyrometric cones 3 and temperature sensitive paints and crayons which were
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placed in the die's bore hole prior to the heating cycle and examinzd
afterwards to determine t'.e temperatur. attained and thus the actual
"pellet" temperature. Figure 7 shows a graph of temperature vs VHP input
power. The dashed line indi:ates the true 'pellet" temperature as deter-
mined by pyrometric cones, whereas the solid line gives a chromel-alumel
thermocouple’s output voltage (converzed to °C). The grapn clearly dis-
plays the effect of the graphite and alumina on the temperature readings
of the thermocouple in that the readings are low by "200°C.

A tungsten (rhenium)-tungsten (rhenium) thermocouple's emf was also
measured and compared to the temperature readings of a chromel-alumel

thermocouple (up to 1200°C) and linearly extrapolated to 1600°C (Fig. 8).
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The W(Re)-W(Re) thermocouple was chosen because of its higher maximum mea-
surable temperature of 1800°C as compared to the maximum measurable tem-
perature of 1600°C for the Pt-Pt(Rh) thermocouple. This higher maximum
temperature assured a linear response in the operating range of 1500°C to
1550°C. During the temperature calibration runs, as well as for all sub-
sequent pellet production runs, the same power source was usged; that is, a
Nobatron DCR40-500A. This assured power contiinuity to the VHP heating
element. The power source's maximum power rating was 22,000 watts
(v49 volts »* 450 amp3), while the normal operating range was
47 vol:s x (405-430) amps (19.0%4 kW-20.21 kW).



22

As mentioned previously two VHPs were used during the course of
pollucite process development and production: one termed small and the
other large. The small hot press was 82.55 cm (32 1/2 in.) high by
55.88 cm (22 in.) diameter, while the large hot press was 127.0 cm (50 in.)
high by 55.88 cm (22 in.) diameter (dimensions of steel support frame).

The small VHP contained a one-hole graphite die and was used in process
design and development. The large VHP housed a three-hole graphite die
which was used in the actual production of the fully loaded 137¢g alumino-
silicate pellets.

The VHP as originally designed (it was to be used in 90Sr pellet
production) was unable to acnieve the temperatures required for manu-
facturing pollucite. However, two sources of heat leakage were discovered

_and altered tc enable attainment of the desired tempera:d?é. The original

base plate supporting the die was ccmposed of ATJ graphite, the same mate-
rial whick-evmprised tue power electrodes, heating element, and the die
body itself. When replaced by a base plate made of Carbosil 45, a graphite
vith one-fifth the thermal conductivity of ATJ graphite, the maxizwm
theoretical temperature of the VHP was aignificantly increased. To further
increase the VHP maximum temperature a Carbosil 45 pressure distribution
plate (plate between the ram transrftter fod and the die's graphite punches)
was substituted for the ATJ graphite plate. These two material altera-
tions, as well as a decrease in the size and, therefore, btulk of the die
body, enabled the VHP to achieve the operating temperature of 1500°C to
1550°C. -

Water lines jacketing the bottom and top housings, as we!’ as the
bellows assembly of the VHP, were used to regulate the temperature of
the outer stainless steel skin. Tempefature probes indicated that during
the hot press heating cycle the main flange between the upper and lower
housings attained a temperature of +120°C, the power electrodes reached
n38°C, while the bellows were only slightly above room temperature. A
water flow rate of 3 to 5 gal/min (10 te 20 liters/min) was meintsined

throughout the hot pressing procedure.

The dies used in containing and forming the pre-pollucite powder into
pollucite were composed of a graphite called ATJ (Fig. 9). A three-hole
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version of the die was employed in the large VHP for producing the full
level 137Cs aluminosilicate pellets in the hot cell, whereas a one-hole
version was utilized in tke development and testing stages of the cesium

source compound application program.

A grafolil sleeve (Figs. 6 axd 9) running the entire lengih of the die
bore was used as a lubricating agent between the forming pollucite pellet
and the graphite bore holz. Powdered graphite and a MoS,-acetone spray
were also tried as lubricants but were found not to be as successful in
preventing *he pellet from adhering to the bore hole wall and were,
therefore, discontinued. Gra“oil discs were also placed between the pellet
and the graphite punchcs to prevent s+icking. Without the grafoil serving

as a lubricant the graphite die was cracked during pellet extraction.

The design of the punches was altered from a4 simple cylinder of ore
diameter to one where the punch was tapered somewhat at one end to faci-

licate loading into the die when using master slave manipulators; (Fig. 9).

A coiled ATJ graphite heating elemeni (Fig. 6) was used to generate
the amount of heat required for the Cs;CO3/clay conversion to pollucite.
Special orientation of tlie layers of carbon atoms in the graphite converts
electrical energy to heat by resistiang the flow of electromns. molybdenum
heat shield surrounds the graphite heating element and die to reflect the
heat generated by the heating element and heat reflected from the die back
to the die ard consequently the pollucite pellet. This retards any lis-
sipation of heat from the primary heating zone (i.e., heating element plus
die) and thereby increases the total quantity <f heat focused on the die
and pellet.

Results and Discustion

A 45 g charge of pre-pollucite (C8,C03/clay mixture) powder was loaded
into each bore hole of the graphite die and vacuum hot pressed. The
resulting aluminosilicate pellet contained 400 to 450 curies of 137Cex
with the following dimensions:

*Egtimated from known activity and isotopic composition of starting
material (CsCl) and weight of cesiim aluminosilicate pellet.




25

Height: 2.86 ca (1 1/8 in.)
Diameter: 2.54 ca (1 in.)
Weight: 40 to 47 g .

A total of 27 full level 137cs pellets with th above dimensicas were
produced in the hot cell by the large VAP. The production run ccnditions
uwced to hot press cthe aluminosilicate pellets are given in Table 10.

Table 10. Full Level Cesium—137 Alumincsilicate
Vacuum Hot Pressing Run Conditioms

Vacuum Hot Press

Length of time power
Power level Pressing ram =zpplied after completion

Production at maximum pressure of ram travel
run number ram travel -——mm— (min)
(kW) (psig) (kPa)
79CsP-4 19.78 575 4070 45
79CsP-5 20.68 570 4030 30
79CsP-6 20.45 570 4030 20
79CsP-7 20.30 575 4070 10
79CsP-8 19.98 575 4070 30
79Cs®-9 19.83 595 4200 45
79CsP-10 19.74 570 4030 40
79CsP-11 18.86 570 4030 90
79CsP-12 19.98 595 4200 40

The last columm in Table 10 depicts the length of time the power to the
hot press remained on after the last recorded ram movement (i.e., after
the pellet had been fully compressed). This "curing" step with a minimum
duration of 15 minutes was found by experience to be necessary for the
production of good quality pellets. The curing step duration was varied
to determine its effect on the pellets' physical characteristics such as

density and leach rate.

The measured densities of the recovered full level -37Cs alumino-

silicate pellets produced in the hot cell are reported in Table 1ll.

One pellet each from runs 79CgP-6, 79CsP-7, 79CsP-8, 79CsP-9,
79CsP-11, and 79CsP-12 were selected and stored for further pellet
characterization studies. These studies will be discussed in detail in
the next section, "Cesium Aluminosilicate Pellet Characterization."
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Table 11. Cesium~137 Aluminosilicate
Pellet Densities

a
Run No. Average density

(g/cm3)
79CsP-4 2.90b
79CsP-5 2.97 £+ 0.09
79CsP-6 2.75 £ 0.08
79CsP-7 2.94bt 0.03
79CsP-9 3.00
79CsP-10 2.89 + 0.09
79CsP-11 2.94 £ 0.05
79CsP-12 3.00 £ 0.02

aThe range of densities presented
is simply the standard deviation of the
average of three pellets' densities and
does not reflect the error associated
with the actual pellet measurements.

bOnly one pellet was measured.

A total of 50 development stage hot press temperature calibration and
aluminosilicate production runs (both stable and tracer level) were
completed outside the hot cell using both the large VHP (before inserticn
into the hot cell) and the small VHP. The control parameters of temperature
and pressure, as well as run duration, powder charge composition, heating
rate, punch-die lubrication, etc., were varied to note their affect on
pellet production and quality. Approximately 40 stable and tracer lev~.
pellets were fabricated during the developmental stage of the cefium source
compound applications program and the results obtained were used in formu-
lating the full level 137¢s aluminosilicate pellet process stegs and
controls. Table 12 gives a partial listing of the experimental run condi-
tions for th2 pellet production runs completed during this stage of the

program,

The densities of the pellets recovered from the pellet production runms
listed in Table 12 are given in Table 13.

An interrogation of the aluminosilicate pellet based on demsity,
correct color, and color homogeneity was employed in preliminary determina-
tions of the success of a pellet production run. Also, as mentioned

earlier, optical microscopy, SEM, and EDX analyticecl methuds were used to
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Table 1z. Cesium-Aluminosilicate Small Hot
Press Experimental Procduction Run Conditioms

Run Final input Pressure ram Duration Final
&o power level _ pressure of run temperature
: (kW) (psig) (kPa) (min) (°c)

22 10.18 500 3550 90 1495

24 10.18 500 3550 60 1465

25 10.18 500 3550 53 1465

28 12.29 500 3550 60 1530

32 11.78 500 3550 60 1565

33 11.78 500 3550 79 1565

36 11.10 460 3270 60 1515

37 10.83 500 3550 48 1500

39 10.64 460 3270 60 1490

40 11.17 500 3550 52 1520

41 11.65 500 3550 50 1490

42 12.27 500 3550 66 1595 b
47 12.15 4560 3270 53 1585(1470)b
49 11.70 45¢0 3270 63 1555{1450)
50 12.96 460 3270 104 1620

aThe temperatures attained by the small VHP for
each of the above runs was obtained from the tempera-

ture vs VHP input power graph previously discussed
(Fig. 7,.

The temperatures given in parentheses were
obtained directly from an imbedded W(Re)-W(Re)

thermocouple.
Table 13. Cesium Aluminosilicate Pellet Densities
R Uncorrected densitiesa

un No. 3
(g/cm”)

22 3.0z
24 2,77
25 2,73
28 3.10
32 3.08
33 3.00
36 3.16
37 3.09
39 3.04
40 3.06
41 2.97
42 3.06
47 3.02
49 2,92
50 3.04

aNot corrected for weight and volume sur-
rcunding grafoil sheath,
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determine the precise physical and chem: cal composition and phase
homogeneity of a pellet sample. These investigations directed the course
of the next pellet production run by suggesting appropriate experimental
conditions to be applied in manufacturing a pellet having the optimum
shysical and chemical characteristics.

CESIUM ALUMINOSILICATE PELLET CHARACTERIZATION

Pellet Characterization Studies

During the developmental stage of the 137¢s source compound program
optical microscopy, SEM~EDX, activation analysis, leaching tests, and
standard analytical chemistry analyses (e.g., cesium concentration deter-
mination) were employea to provide information concerning the chemical and
physical properties of the experimental aluminosilicate pellets. Some of
these same analyticszl methods, as well as others, weie again used to
characterize the full level 137Cs product aluminosilicate pellets fabri-
cated in the large VHP. As mentioned previously, six full level produc-
tion pellevs were selected from various pellet production runs and stored
for further characterization studies. These studaies and tneir objectives
are outlined in Table 14.

Tatle 1l4. Cesium-137 Aluminosilicate Production
Pellet Characterization Studies

Analytical Technique Objective
1. Calorimetry. 1. To determine 137Cs curie
content.,

2. Metallography (optical 2. To determine phase homo-

microscopy). geneity.
3. SEM aad electron 3. To determine relative
. microprobe. elemental composition.

4, X-ray diffraction. 4. To determine crystal
lattice structure — is it
pollucite?

5. Cesium ion leacha- 5. To determine the leacha-

bility measurements. bility of the cesium

cation out of the pollu~
cite crystal lattice.
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Each of the analytical techniques listed in Table 14 will be dis-
cussed in greater detail and attainment of their stated objectives

evaluated.

Calorimei:> Studies

An accurate assaying of the 137Cs content of the aluminosilicate
pellets was desired to provide needed information for future rellet
characterization studies (such as the leach testing). Calorimetry is an
established method for the curie coutent determinations of major comsti-
tuent radioisotopes in radioactive sources.l® A suitably designed calori-
meter car. measure the rate of heat prcduction (measured in watts) of the
radiocactive source sample to an accuracy of 0.2% (952 confidence limit).
Since the heat produced is proportional to the curie content of the sample
one can determine the number of curies of 137Cs in the sample after the

calorimeter has been carefuvlly calibrated,

The calorimeter employed was designed for an optimum operating range
of 2 to 3 watts, which was the calculated heat generation of a sample full
level production petlet. The calorimeter consisted of a 12.06 cm by
11.68 cm solid lead cup which surrounded a 2.86 cm by 3.49 cm hollow stain-
less steel s:suple container. This lead cup (15.9 kg of lead) absorbed
greater than 992 of the total energy produced by the radioactive decay of
137cs (Figs. 10 and 11). The lead absorber rested omn a 3-in. Sch. 40
stainless steel pipe which served as th heat transferral medium to a
water-tight compartment containing a water-ethylene glycol mixture at the
bottom of the calorimeter shaft. A temperature differential of 2 to 3°C
was obtained between the hot and cold junctions of an attached chromel-

alumel thermopile.

Fiberglas and polyurethane foam were used to insulate the shaft of
the calorimeter, . large Dewar flask which encompassed the entire
calorimeter maintained a near constant temperature environment. A constant
temperature circulating bath supplied the cooling solution to the water-
tight compartmeat located at the base of the shaft. The bath regulated the
solution’', temperature to within $0.02°C in the operating region of
interest (18°C-25°C) under a flowrate of 1800 cc/min. A strip chart

recorder plotted the thermopile signal output voltage vs time.
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The calorimeter was calibrated at temperatures of 18°C and 25°C using
a high accuracy, low power resistance heater. Input power supplied to the
calibration heater located in the calorimeter's sample cup (the cup was
filled with distilled water to hasten the heat transfer to the surrounding
lead) ranged from 0.5 watts to 5 watts. This range covered the anticipated
output of 2 to 3 watts expected from the pollucite pellets. Table 15
presents the data obtained for construction of the calorimeter's calibration
curve.

Table 15. Calorimeter Calibration Data for Liquid
Temperature of 18.02°C

Input power Thermopile output voltage
(watts) (mv)
0. 495 0.83
1.063 1.68
1.499 2.25
2.035 3.00
2.504 3.65
3.009 4.39
3. 504 5.10
4.993 7.21

The equation of the straight line resulting from a genmeral least

squares fit of the data is given by Eq. (2).

y = (0.1371 ¢ 0.0144) + (1.4147 * 0.0052)x , (2)
where
y = thermopile output in mV,
x = input power in watts .

The sample correlation coefficient, r, which is the expression of the
tendency for x and y to be linearly related, obtained for the above data
was 0.99996 (a value of 1.0N0000 for r indicates perfect lineavity for two
variables). During an actual calorimeter measurement of a pollucite
pellet an irverse interpolation of a given thermopile voltage output will
yield the number of watte generated by the sample. From the measured heat
output and the known conversion factor for !>7¢s relating watts and curies

one can then calculate the curle content of the pellets.
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The heat outputs of four 137¢cs aluminosilicate pellets were measured

and the calculated cnrie countents are showm in Table 16.

Tabla 16. Curie Content of Cesium—137 Aluminosilicate
Pellets as Measured by Calorimetry

Pellet Heighta Heat output Curie content
No. () (watts) (Ci)

Cc1 41.24 2.18 450

C2 40.40 2.15 444

c3 40.35 2.15 444

C4 39.00 2.12 . 437

aCorrected for surrounding grafoil sheath.

The curie conteat of each pellet was calculated from the measured

heat output of the sample and utilizing the following conversion factor.!’
1 kCi = 4.3% watts .

Metailography (Optical Microscopy) Studies

Metallographic examinations of the aluminosilicate pellets provided
information on phase homogeneity and other pellet physical characteristics

such as porosity and density gradients.

The sectioned aluminosilicate pellet specimens were ground and
polished before mounting on a metallographic specimen holder. The sample
sections were examined by a modified Shielded Bausch and Lomb Metallograph
employing a high intensity xenon lamp (450 w) for sample illumination.

The pullucite specimens examined were recovered from two distinct areas of
the pellet; the periphery or edge and the approximate geometric center.
These two pellet arcas were examined by both metallographic and SEM-
electron microprobe techniques to determine if any elemental inhomo-

geneities existed across the pellet as well as porosity (density) gradients.

Figures 12 through 15 are metallographic photographs of selected

pellet sections.

Figure 12 presents a sequence of photomicrographs depicting a density

g-adient from t'ie center to the outer edge of the sample pellet. An
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approximately 0.16 cm annulus located at the pellet's edge contaias
noticeably fewer voids (pores) than does the remainder of the pellet
sections examined. This phenomenon suggests that less outgassing occurred
at the pellet's edge than occurred in the interior regions during the
vacuum hot pressing cycle. A possible explanation for the above would be
the utilization of a preheat cycle wherein the pre-pollucite powder is
heated at a reduced power setting (vl kW) for one hour to ensure nonbonded
water evaporation. Apparently, only the outer 0.16 cm of the pellet is
affected by the preheating process step.

As mentioned earlier the pellet samples were ground and polished in
preparatioa for metallographic mounting. Both alumina and silica were
used in the sample preparation. Examination of Figs. '3 and 14 revealed
residual alumina and silica which had becn trapped in the large and small
pnres or depressions contained ia the aluminosilicate pellets. The high
reflectivity of alumina and silica accounts for the frequent occurrence of

large oand small bright white areas in the photomicrographs.

The major physical characteristic displayed in the photomicrographs
was the existence of a primary and a secondary phase; the primary phase
being a gray matrix cortaining large and small pores, some granular
surfaces, and small pore agglomerations (Fig. 15), while the secondary
phase consisted of small gray-white flecks sparsely interspersed through-
out the gray matrix. Earlier studies of nonradioactive aluminosilicate
pellets had indicated that the secondary, white phase consisted of fused
cesium, aluminum, and silicon as opposed to the primary mat-ix grain

phase.

A comparison of Figs. 13 and 14 highlights the porosity and con-
sequently the density difference between the two pellets. The pellet
section shown in Fig. 14 (pellet C2) contains significantly fewer pores
(or voids) than does the pellet section shown in Fig. 13 (pellet C4).
The lower density (higher porosity) of pellet C4 would account for the

es~e of removal of the grafoil sheath which had surrounded the pellet.*

*During the pellet extraction step the grafoil sheath was easily
torn away from the pellet surface. Usually the grafoil sheath adheres
tightly to the pellet and will not become dislodged even under extreme
thermal stress. |
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The production history of each full level !37Cs aluminosilicate pellet
which had been characterized is given in Table 17.

Table 17. Production History of the Full Level Cesium-137
Aluminosilicate Sample Pellets

VHP power VHP maximum "Curing”

Clay- VHP Correct
Pellet carbonate production at maximm  applied step densit
No. batch No. run No. TFa® travel pressure duration (glcng)
(kW) (psig) (kPa)
Cl1 79CsP-1,2,3,4 6 20.45 575 4070 20 3.21
€2 79CsP-¢ 12 19.98 575 4200 40 3.15
C3 79CsP-5,6,7 11 18.86 640 4500 90 3.14b
C4 79CsP-1,2,3,4 7 20.30 575 4070 10 3.04
F1  79CsP-5,6,7 8 19.98 575 4070 30 3.17
F2  79CsP-5,6,7 9 19.83 575 4200 45 3.22

?Cottected for weignt and volume of surrounding grafoil sheath,.

PGrafoil sheath had been removed during pellet extraction and,
therefore, final weight of pellet was measured directly.

Using density as a first criterion defining pellet quality, an exami-
nation of Table 17 and, in particular, the VHP power applied and "Curing"
durations, on2 can conclude that the "Curing" step duration is the critical
factor controlling the aluminosilicate pellet production. The power ap-
plied to the pellet during its formation is not as crucial to pellet qual-
ity as is evidenced bv VHY production runs 7 and 8. Both production runs
were made under similar conditions of pressure and power, but the "curing”
step duration time in run 8 was three times longer than that applied to
the pellet produzed in :un 7. The density of the pellet produced in run 8
was 4.37 greater than the density of the pellet produced in run 7. Also,
a comparison of VHP production runs 6 and 7, which were run under nearly
identical power (temperature) and preesurc conditions, but again signi-
ficantly diff :rent "curing" step durations, underscores the importance of
the duratica of the "curing" srep in the production of CsAlSi,0¢°nH,0.

Run 6, wkich employed a "curing” duration twice as long as that used in
run 7, produced a pellet having a density 5.6% greater than the pellet
recovered from production run 7. However, no linear relationship between
the "curing" step duration and density exists, but at sufficient power
levels (>18.9 kW) a msnimum "curing” step duration of 20 minutes should be

allotted to ensure production of quality aluminosilicate pellets.
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Scanning Electron Microscopy and Electron Microprobe Studies

SEM and electron microprobe analyses were used during the experimental
stage of the project to assist in formulating optimum operating conditions
for the production of the full level 137¢s aluminosilicate pellets.

SEM-EDX studies of early experimental nonradioactive pellets had
indicated an inhomogeneous concertration of cesium, aluminue, and silicon
across the width (center to edge) of the pellet. Also, in the light,
fused phase a cesium concentration 1.5 times that of the dark, graim phase
was uncovered. However, SEM-BSE examinations of full level production
pellets showed cesium and silicon to be homogeneously distributed through-
out the pellet, including both the fused and grain phases (secondary and
primary phases, respectively)(Fig. 16). Aluminum homogeneity was uncon-
firmed as a result of the high background noise caused by the inherent

| radioactivii} of the pellet specimen. These results indicated that the

| cesium/silicon reaction during hot pressing was complete.

X-Ray Diffraction Studies

X-ray diffraction analyses of fully loaded 137¢s and nonradioactive
aluminosilicate pellet samples were employed to confirm the pollucite
crystal lattice structure. A comparison of the three most intense sample
lines measured with the three most intense known pollucite spectral lines
given in Table 18 confirm the pollucite crystal lattice structure.

Table 18. Comparison of Sample Cesium

Aluminosilicate and Cesium Pollucite
Crystal Lattice Spacingl®

Sample crystal Pcllucite crystal Normalized

lattice spacing lattice spacing intensities
(nm) (nm) (1/1))
0.291 0.2913 45
0.342 0.342 100

0.365 0.365 30
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An X-ray diffraction pattern of a nonradioactive aluminosilicate
pellet is shown in Fig. 17. Since a small, solid piece of pellet was
analyzed, recognizirg its diffraction pattern was more difficult due to
the solid sample having a preferred orientation. Also, the high level of
radioactivity emitted by the full level !37cs pollucite sample complicated

the X-ray diffraction pattern measurement and interpretation.

Cesium Ion Leachability Measurements

Leachaoility measurements of the 137Cs pollucite pellets was conducted

in the four phases listed in Table 19.

Table 19. Leachability Measurement Phases

Phase Leachability Measurements
1 Quasi-static leaching of tracer level 137¢s pollucite
pellet sections in distilled water [T = 94°C (367K)]
2 Quasi-static leaching of gamma-irradiated tracer level

137¢g pollucite pellet sections in distilled water
[T = 94°C (367K)]

3 Quasi-static leaching of full level 137¢s pollucite
pellet sections in distilled water [T = 94°C (367K)]
4 Static leaching of full level, unsectioned 137¢s

pollucite pellets in distilled water [T = 32°C (305K)]

The leaching of the sectioned !37Cs pollucite pellets was conducted
employing a Soxhlet extractor (Figs. 18-21).12°20 The pellets were sec-
tioned by a diamond-tipped saw blade to the approximate dimensions of
0.70 cm x 0.70 cm *x 0.50 cm. The pellet was held in place by a specially
designed vise (Fig. 22).

The Soxhlet extractor was an all glass quasi-static leaching apparatus
having an overall length of approximately 3 ft (91 cm) consisting of a
1000-ml round bottom boiling fiask which contains the leachate. The
leaclate, which in these experiments was distilled water, was heated to
boiling with an encircling mantle. The water vapors passed through a vent
to a reflux condenser. The condensate descends through the coils where it
is preheated before falling dropwise into the sample cup. Every 9 to 12
minutes the leachant drains through a syphon leg to the distilled water
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boiling flask. The temperature ia the leach sample cup is approximately
94°C (367K). Removal of the leachant for analysis is accomplished by a
syphon tube located at the bottom of the reservoir. Fresh leachate is

adved to the extractor through the top of the reflux condenser.

The unsectioned fully loaded 137¢s aluminosilicate pellets [1 in.
(2.54 cm) diam by 1 1/8 in. (2.86 em) high], each with a geomecric surface
area of approximately 13 cm? were leached in approximately 400 ml of dis-
tilled water at a temperature of approximately 32°C. This static leach
test approaches a dynamic experiment by employing. frequent sampling periods
wherein fresh distilled water is substituted at shcrt time intervals. The
pellet was suspended in a 500-ml Erleameyer flask by a stainless steel rod

and cage.

The leach rates (kg m-zs-l) were calculated based upon measurements
of the 137Cc content of the reccvered leachant samples. The quantity of
cesium in the sample was determined from the assaying of the 137¢g
661.64 keV gamma ray signature. From the known ratio of !37Cs and the
remaining cesium isotopes (133Cs and 13505), both stable and radioactive,
the known activity contained in the original pellet sectioned, as well as
the measured geometric surface area of the sectioned piece, one could then

calculate the leach rate of cesium ion out of pollucite.

Fick's first and second laws of diffusion were applied to the tracer
level 137cs pollucite leach rate data for the determination of the cesium
diffusion coefficient. The diffusion coefficient is considered to be
independent of time, position, and the concentration of the diffusing
species. If we assume that the rate of diffusion is so small that the
test specimen may be considered to be infinitely long in the direction of
nggatjve x with the exposed face in the plane x = 0, the following dif-

ferential equations and accompanying boundary conditions describe the

diffusion process.?!

8% acC
" T 3

wizh boundary conditions of
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C(z,0) = Co,
c(o,t) =0,
X atzn
where
D = diffusion coefficient, cm?/day,
C = atomic concentration, atoms/cc,
t = time, sec,
A = radioactive disintegration constant, 1n2/t112, sec 1,
tllz = radioactive half-life, sec.

Solving Eq. (3) by separation of variables vields Eq. (4).
C(x,t) = Ce enf ( -x\ (&)
’ 0 2/Dt

Computing tle flux across the interface at x = O and using the fact
that the product, At, for 137Cs is <1 (~0.00006 t) gives the following
expression for the total amount of activity, a4, accumulated in the

leachant over N sampling periods with total elapsed time, T.

N T

a=1I a fAF (t)dt. (5)
n

n=1
=*FD‘o g dt : (6)
2FA

= 0y /T
v I (7

where

a = total amount of radioactivity lost, Zan, curies,

a, = radioactivity leached during the leachant renewal period, m,
curies,
AO = initial radioactivity present in specimen, curies,

= gurface area, cmz,
= volume, cm3,
diffusion coefficient, cm?/day,

= atom flux, atoms/cm®-sec, and

- I VIR S
®

= total elapsed time, Ztn, sec.
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The equation below expresses tic leach rate in units having the
dimensions of grams of solid/cm?-day.22

initial activity of

Leach rate = [}activity of isotope leached)/day/ isotope in solid

[(sample area, cm?)/(savwple weight,g)]
_ Fraction leached/day
cm?/g
= g/cm?-day . (8)

Leaciiing experiments with several types of glasses, asphalts, and
polyetbylenes20 containing waste solids, have shown that the elution of
ions is reasonably approximated by Fick's law of diffusion. This state-
ment can be verified for the case of cesium in pollucite by rearrange¢wment
of Eq. (7) and plotting Ean/AO vs (Ztn)ll2 to determine if the resulting
plot vields a straight line.?! For the case of a semi-infinite slab the
diffusion coefficient, D, is obtained from the slope of the line given by
Eq. (7), wkich is in the form, y = mr + b.

1/2
a/A0=[2 (%),H- IT )

Solving for D

D=

]

(—;) “m2 (10)

m = slope of the straight line from a plot of a/Ao vs TY/2,

where

The results of this analysis are presented in the following section.

Phase 1: Quasi-static Leaching of Tracer Level 137cg Pollucite Pellet
Sections in Distilled Water [T = 94°C (367K)]
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Three tracer level pellets recovered from ViP experimental runs 39,
40, and 41, were sectioned and a suitable piece from each was selected for
leachability measurements. After the surface area of each test section
was measured they were placed in their respective Scxhlet extractor sample
cups and leaching was initiated. Each pellet section was leached with dis-
tilled water at a temperature of approximately 94°C (367K) with varying
leachant renewal periods for am accumulated leaching period of 368 days.
The leach rates calculated from the measured radioactivity of 137¢s for

each pellet are given ir Table 20.

Table 20. Tracer Level Cesium-137 Aluminosilicate Pellet

Cesium Leach Rates

Leachant Renewal Accumulated Leach Rate (kgn-zs-l)
Period Leaching Period

(days) (days) Pellet 39 Pellet 40 Pellet 41
1 1 4.20x10 2  4.76x10 2  5.12x1Q 3

3 4 4.11x10° %  3.54x10° %  5.01x10 °

3 7 1.16x10 %  2.43x10 2  6.31x10 2

3 10 1.27x10 8 2.49x1072  6.25x10 9

11 21 1.15x10 8 3.45x10° 9  4.54x10 °

9 30 2.24x10 8 4.79x10 °  5.32x10 °

6 36 3.12x10° 8 6.38x10° 9 1.15x10 8

16 52 3.14x10 8  6.91x10° 2 1.06x10 8
40 92 3.98x10 8 1.04x10° 8 1.68x10 8
21 113 5.29x10 8 2.29x10 8 2.80x1078
15 128 6.27x10 &  1.42x10°®  3.60x10 ®
16 144 5.56x10 8  1.56x10 8 2.91x10 ®
25 169 4.61x10 8  6.97x10° % 2.°3x10 8
23 192 4.96x10 8 1.69x10 8 3.10x10 8
18 210 5.15x10 8 1.59x10°8  3.09x10 ©
14 224 8.47x10°8 1.58x10 8  2.94x10 8
30 254 3.95x10 8 1.30x10"%  2.41x10 8
62 316 3.30x10 8 1.11x10 & 2.70x10 8
52 368 2.65x10° 8  1.02x10 &  2.34x10°8

Plots of the data, that is leach rate vs time, are shown in Figs.

23 through 25.

The diffusion coefficients for the elution of the cesium ion out of

the pollucite pellet was calculated assuming a semi-infinite slab and

applying Fick's law of diffusion as discussed earlier.

The diffusion

coefficients for each pellet, as well as the equation of the straight

line and the sample correlation coefficient, r (the expression of the
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tendency for two variables to be linearly related; perfect linearity being
defined as 1.00000), are presented in Table 21. Figures 26 through 28 show
the plots of Zan/Ao vs JEE;'and the diffusion controlled region used in
calculating the diffusion coefficients.

Table 21. Cesium Ion Diffusion Coefficients for Tracer Level
Cesium-137 Aluminosilicate Pellets

Fick's Law Sample Cesium Ion

Pellet Straight Line Eq. Correlation Diffusion

No. Coefficient Coefficient

[E@) = B, + Biz] ) @?s™1)

39 y = (-2705.28+66.65)x10 > 0.99931 1.29x10 16
+[(379.07+4.70)x10 °]x

40 y = (-997.96%31.49)x10_° 0.99916 6.88x10 17
+[(127.992.22)x10 3}z

41 y = (-2348.50%56.56)x10 > 0.99865 1.35x10 17

+[(267.87+3.88)x10 °]x

The above diffusion coefficient values can be compared with that for

the diffusion of sodium in a soft crystal such as silver chloride, where
the coefficient is approximately 4x10 !3m2s !, (Ref. 23)

The leach rates measured for the tracer level pellets compare favor-
ably with the leach rates of 5.8 to 11.6x10 8 kgm 2s ! for non-radioactive
pellets reported by Sandia, which were performed under identical leaching
conditions.

Phase II: Quasi-static Leaching of Gamma-irradiated Tracer Level
Cesium-137 Pollucite Pellet Sections in Distilled Water
[T = 94°C (367K)]

The tracer level 137Cs aluminosilicate pellet sections, which had been
leached for 368 days in Soxhlet extractors, were removed, dried, and then
exposed to an intense, high energy (6°Co:yl = 1.3325 Mev; v, = 1.1732 Mev)
gamma-ray field (206,000 R/hr) for 100 hours. The total dose of 2.06x10’ R
simulated the environment into which the pellets would be positioned in a

sludge irradiator.

After the irradiation the tracer level pellet sections were reweighed

and placed in their respective Soxhlet extractor sample cups and releached
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under conditions idential to those which were employed before irradiationm.
The initial leach rates calculated for the pellet secticns are given in
Table 22. Plots of leach rates vs time for each irradiated pellet are
shown in Figs. 29 through 31.

Table 22. Cesium Ion Leach Rates of Irradiated Tracer Level Cesium-137

Aluminosilicate Pellets

Leachant Renewal Accumulated Leach Rate (kgm 2s 1)

Period Leaching Period

(days) (days) Pellet 39 Pellet 40 Pellet 41
0.980 0. 980 4.05x10 8 1.28x10 8  2.24x10 8
0.953 1.933 3.63x10 1.36x10 8  3,08x10_
1.008 2.941 3.77x10°8  1.41x10° 8  3,19x10 8
0.950 3.891 3.24x10 ® 1.50x10 &  3.28x10 8
3.024 6.915 3.19x10 8 1.17x10 8 2.47x10 8
2.978 9.713 3.07x10 & 1.09x10 & 2.63x10 8
4.979 14.692 2.74x10 8 3.13x10° 2 2.32x10 &

A comparison of the leach rates of the tracer level pellets before
and after irradiation in the high energy gamma-ray field is shown in
Table 23. The comparison to date reveals essentially no difference
(within experimental error) between the leach rates of the non-irradiated
and irradiated pellet sections. This suggests that the high energy gamma-
ray field had little or no effect or the cesium leachability of the
aluminosilicate pellet. Leaching of the irradiated pellet sections is
continuing and more conclusive results will become available.

Table 23. Cesium Ion Leach Rates of Non-Irradiated

and Irradiated Tracer Level Cesium-137
Aluminosilicate Pellets

Accumulated

Pellet No. Leaching Period L:achzkffe
39, non-irradiated 368 2.65x10_8
39, irradiated 15 2.74x10 8
40, non-irradiated 368 1.02x10_8
40, irradiated 10 1.09x10° 8
41, non-irradiated 368 2.34x10_8
41, irradiated 15 2.32x10° 8
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Phase 11I:

Quasi-static Leaching of Full Level Cesium-137 Pollucite
Pellet Sections in Distilled Watrer [T = 94°C (367K)]

The sections of the four test pellets which had been selected for

cesiun leachability measurements were leached in Soxhlet extractor: con-

taining 250 ml of distilled water at a tempersture of approximately 94°C

(367X). The leachability measurements are continuing and the leach rates

calculated to date are given in Table 24.

Plots of leach rate vs time for

each pellet are presented in Figs. 32 through 35.

Table 24.

Fully Loaded Cesium—137 Aluminosilicate Pellet Soxhlet
Cesium Ion Leach Rates

Leachant Renewal A:::::i:;ed Leach Rate (kgm.zs"l

Period

(acvs) ?::;:? Pel'et C] Pellet C2 Pellet C3 Pellet Ch
1.907 1.007 9.96x10 10 1.,01x10"% 3.81x10 10 1.22x10 %
2.948 3.955 8.65%x10 10 1.40%1079 4.91x10 10 1.78x10 9
2.906 6.861 9.41x10 10 1.67x10"% 6.15x10 10 2,.96x10_°
4.905 11.766 2.33x10 9 2.04x10 ° 7.35x10 10 3.63x10 ?
2.913 14.679 2.49x10 9 2.34x10° 9 1.01x10 2  3.38x10 ?
4.905 19.584 2.81x10 9 2.03x10° 9 7.27x10 10 3,%1v10 9
7.911 27.495 1.80x10 1* 2.65x1079 1.02x10° ¢  3.30x10 ?
5.898 33.393 1.35x10 10 1.34x10°9  3.48x10 9
6.932 40.325 1.54x10°8  3.66x10° ' 1.07x10 9  2.99x10 ?
6. 901 47,226 4.18x10 2 3,15x10 % 5.64x10 17 3,23x1079

12.974 60.200 4.61x10 10 1,10x1079 7.16x107:0 3 44x10°9

The leach rate reported for pellet C4 is higher by a factor of approxi-
mately 4 to 10 than those reported for the remaining three pellets. This
discrepancy can be explained by che increased porosity inherited Ly pellet
C4 (cce Fig. 13). The higher porosity of the pellet provides additional
exit pnthsays for the cesium ion cut of the pollucite pellet. As can be
seen from a comparison of the leach rates reported in Tables 23 and 24 the
cesiun ion leach rates for the fully loaded 137¢cg production pellets range
from avproximately 10 to 100 times lower than those for the experimental
tracer level pellets. This indicates that the production pellets have
incorporated the cesium more tightly into tle crystal lattice structure.
One must keep in mind that the tracer level pollucite pellets selected for
cesium leachability measuremente were not of the highest quality experi-
mental pellets produced, but were selected based upon availability.
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A comparison of the fully loaded pellets' leach rates with the leach
rates of stable (non-radicactive) pollucite pellets reported by Sandia is
presented in Table 25.

Table 25. Comparison of Cesium Ion Leach Races of Stable
and Fully Loaded Aluminosilicate Pellets

Accumulated Range of Leach
z;l::bing Leaching Period Rates
i (days) (kgm 28 %)
Tracer level 368 1.02 — 2.65x10 8
Fully loaded 60.2 4.61 — 34.4x10_10
Stable 5.8 — 11.6x10 8

The leachability measurements of cesium out of the fully loaded
137¢cg pollucite reveal a leach rate which ranges from 33 to 125 times
lower than that measured for the stable (non-radioactive) cesium pollucite
pellets, while the leach rates obtained for the tracer level pellets range
from approximately 4 to 6 times lower than those obtained for the stable
pellets. This comparison indicates that the cesium ion is bound more
tightly in the fully loaded pellet than in the other two types of pellets
examined and, therefore, presents a substantial improvement in pellet
quality.

Phase IV: Static Leaching of Full Level, Unsectioned Cesium-137 Pollucite
Pellets in Distilled Water [7 = 90°F (305K)]

Two unsectioned, fully loaded 137¢s aluminosilicate pellets were
selected for static cesium ion leachability measurements and were leacked
under the conditions discussed earlier. The leach rates obtained for
pellets F1 and F2 are given in Tables 26 and 27, respectively. Plots of

leach rates vs time for opoth pelilets are given in Figs. 36 and 37.

The leach rates after initial surface decontamination are approxi-
mately 100 times lower than those for the fully loaded sectioned pellets
exposed to refluxing distilled water in a Soxhlet extractor. The grafoil
sheath surrounding the unsectioned pellets may, at least partially, account
for the lower leach rates observed thus far. A final comparison of the
cesium ion leach rates for all four phases and those reported for the non-

radioactive pollucite are found in Table 28,
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Table 26. Unsectioned, Fully Loaded Cesium—137
Aluminosilicate Pellet Static Cesium Ion
Leach Rates — Pellet F1

Leachant Renewal Accumulated

Period Leaching Period %:achzgéfi
(days) wdays) &
0.118 0.118 6.79x10_°
0.110 0.228 3.09x10_ 2
0.799 1.027 3.66x10_10
0.196 1.223 1.35x10 10
0.756 1.979 4.07x10_11
0.237 2.216 2.92x10_11
0.730 2.946 1.07x10_ 11
0.210 3.156 1.29x10 11
0.784 3.940 8.22x10 12
0.270 4.210 9.95x10 12
2.719 6.929 3.41x10 12
1.00¢ 7.929 1.82x10 12
1.033 8.962 3.10x10 12
0.969 9.931 2.92x10 12
0. 994 10.925 3.27x10 12
3.043 13.968 2.19x10 12
3.026 16.994 1.55x10 32
4.926 21.920 3.81x10 12
3.550 24.970 2.48x10 12

5.988 31.958 2.25x10 12
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Table 27. Unsectioned, Fully Loaded Cesium-137
Aluminosilicate Pellet Static Cesium Ion
Leach Rates — Pellet F2

Leachant Renewal Accumulated

Period Leaching Period %:;:Ezgﬁf;
(days) (days)
0.113 0.113 7.16x10_9
0.108 0.221 2.61x10 9
0.797 1.018 4.93x10 10
0.197 1.215 3.94x10 10
0.756 1.971 7.63x10 11
0.237 2.208 3.60x10 11
0.731 2.539 2.00x10 1!
0.208 3.147 2.91x10_ 11!
0.788 3.935 1.91x10 11
0.267 4,202 2.60x10 11!
2.763 6.965 9.90x10 12
0.958 7.923 1.20x10 12
1.031 8.954 7.09x10 12
0.972 9.926 4.29x10 12
0.950 10.876 5.17x10_12
3.052 13.928 6.54x10 -%
3.024 16.952 1.81x10 12
4.927 21.879 3.58x10 12
3,050 24.929 2.66x10 12

Table 28. Cesium Pollucite Static and Quasi-Static
Cesium Ion Leacl Rates

Accumulated

Leachability Measurement Leaching Period Leacbzkgges
(kgm “s %)
(days)

Stable — Soxhlet 5.8 — 11.6x10 8
Tracer Level — Soxhlet (Phase I) 368 1.02 - 2.65x10 ®
Gamma-Irradiated 15 3.13 — 27.4x10"°
Tracer Level — Soxhlet (Phase II)

Fully Loaded — Soxhlet (Phase III) 0).2 4.61 — 34.4x10° 10

Fully Loaded — Static (Phase IV) 25 2.48 — 2.66x10 12
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SUMMARY

In all 27 fully loaded 137Cs aluminosilicate pellets were fabricated
in the hot cell using the large vacuum hot press under the production rumn
conditions listed in Table 10. Each pellet, having dimensions 1 1/8 in.
{(2.86 cm) height by 1 in. (2.54 cm) diameter, and weighing 40 to 42 grams,
contained 437 to 450 curies of 137¢s as determined by calorimetric mea-
surements. The uncorrected (not corrected for weight and volime of sur-
rounding grafoil sheath) densities of the recovered full level 137¢q
rollucite pellets ranged from 2.75 to 3.00 g/cm3 (2750 to 3000 kg/m3).

The full level 137Cs pollucite production pellets were characterized
by calorimetry, metallography, SEM-BSE and electron microprobe, X-ray
diffraction, and cesium ion leachability measurements for the purposes and
objectives outlined in Table 14.

Calorimetric measurements performed on the four selected full level
test pellets provided the 137¢s curie content of each pellet (Table 16).
From this data and the weights and densities of the four test pellets,
Table 29, containing some useful pollucite pellet radioisotopic character-
istics was constructed.

Table 29. Fully Loaded Cesium—137 Pollucite Pellet

Data Sheet
Pollucite Pellet

cl c2 Cc3 c4
Corrected weight (g)a 41.24 40.40 40.35 39.00b
Content (Ci) 450 444 444 437
Curies !37Cs/g of pollucite 10.9 11.0 11.0  11.2
Curies }37Cs/cm3 of pollucite 33.1 32.6 32.6 32.1
Curies 137Cs/g of cesium 29.1  29.3  29.3  29.9
Specific actiVit;

(ci 137cg/g 137cs) 84.3 85.0 85.0  86.6
Grams !37Cs/g pollucite 5.3 5.23 5.22  5.04
Percent of Theoretical specific

activity 96.9 97.6 97.7 99.5

ac°rrected for weight and volume of surrounding grafoil sheath.

bGrafoil sheath was removed during the pellet extraction process.
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A comparison of radioisotopic characteristics between the process
starting material, CsCl, and the final product, CsAl1Si,0¢°nH,0, is given
in Table 30.

Table 30. Equivalence Table
(Comparison of !37CsCl and 137Cs-pollucite)

Percent of
137¢cs/g 137cs/em3  Specific activity
Chemical compound compound (ci 137Cs/g 137Cs) theoretical
compound (ci/g) (ci/cm®) specifica
g activity
CsCl 23.4 93.3 85.4 98.1
CsAlSiZOG-nHZOb 11.0 32.6 85.2 97.9

% Theoretical specific activity of elemental !37cs is 87.06 Ci/g.
Percent cesium in CsCl is 79.447. -

Average values are reported.

Metallographic measurements of the four test pellets revealed a two-~
phase system: The primary, granular, gray matrix phase contained large and
small pores and some small pore agglomerations, while the secondary, fused
phase was sparsely interspersed throughout the gray matrix. A density
gradient was also detected wherein an increase in pore (void) occurrence

was noted as one scanned from the edge to the center of the pellet.

SEM-BSE (scanning electron microscope and electron backscattering)
examinations of the full level pollucite production pellets showed cesium
and silicon to be homogeneously distributed throughout the primary and
secondary phases. Aluminum homogeneity was unconfirmed due to the high
background noise associated with the inherent radiocactivity of tlie test
specimens. These results indicate that the cesium/silicon reaction went

to completion during the vacuum hot pressing process step.

X-ray diffraction analysis of solid test specimens confirmed the

crystal lattice structure to be pollucite (CsAlSi;0g°nH;0)(Table 18).

Cesium ion leachability measurements were conducted to determine the
leach rates of the cesium ion out of the aluminosilicate pellets. The
analysis was divided into four phases (Table 19). The leach rates were

calculated based on the assaying of the 661.64 keV gamma-ray of 137¢s,
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The leach rates obtained from each phase of the leachability measurements
are given in Tables 20, 22, 24, 26, and 27. A comparison of the cesium
ion leach rates is presented in Table 28.

The cesium ion diffusion coeificients through three tracer level
pellets were calculated using Fick's first and second laws of diffusion.
The diffusion coefficients obtained from a plot of the total amount of
radioactivity lost from the specimen, divided by initial radioactivity
present in specimen vs the square root of the total elapsed leaching time
are given in Table 21. These values can be compared with that for the
diffusion of sodium in a soft crystal such as silver chloride, where the
diffusion coefficient for the sodium ion is approximately 4 x 10 15 2571,
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APPENDIX A

Preforming Pre-Pollucite (Cesium Carbonate/Clay) Mixtures
by "Cold Forming" and "Centrifuging" Methods

Method 1: "Cold Forming" Pre-Pollucite Paste
1. Add 30 ml distilled watcr to 49 g of dry pre-pollucite powder.

2. Load into a 1 i: steel die and press usirg 11,600 psig. Allow
to air dry for approximately 1 hour.

3. Press out the cylinder and dry in an oven at 100°C for 8 hours.

A comparison between the dried and undried cylinders obtained using

the above procedure is presented in Table Al.

Table Al. T ‘ed and Wet Pre-Pollucite Cylinder Dimensionz

Weight Height Diameter
(8) (cm) lcm)
Wet Cylinder 59.5 6.5 2.5
Dry Cylinder 41.5 6.0 2.2

Method 2: Centrifuging Pre-Pollucite Paste

1. Add 30 ml distilled water to 49 g of dry pre-pollucite powder.

2 Place 49.0 g of pre-pollucite paste ia a centrifuge tube.

3. Centrifuge the paste for two minutes at medium setting. Decant

excess water.

A tabl: giving some typical centrifuged cylinders (or rods) dimensions
i3 presented in Table A2. The length of each rod is approximateiy 7.6 cm

| (3 in.).

Table A2. Dimensions of Some Typical
Centrifuged Cylinders

Cylinder Dry Weight Diameter
No. (8) [in. (cm))

1 35.5 27/32 (2.14)

2 35.7 7/8  (2.22)

3 36.0 7/8  (2.22)

4 36.0 29/32 (2.30)
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The advantages of the paste techniques over loading dry powder into
the die are listed below.

1. Facilitates loading of the pre-pollucite mixture into the die.

2. Prevents any powder from lodging in between the grafoil liner
and the bore hole of the die causing pellet extraction dif-
ficulties.

3. Minimizes cell contamination.
4. Less likely of mixture loss due to spillage.
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APPENDIX B

Discussion and Derivation of Cesium Carbonate-Aluminosili. ate Cisy
Ratio Calculation

The optimum quantity of Cs+ desired in the final pollucite product
pellet is weight factor 0.375. This value was reported by Sandia
Laboratories?* as one which would produce a pollucite pellet with the
desired characteristics. The general chemical formula for pollucite is
CsA1Si,0g°nH20 (an aluminosilicate hydrate). In the unhydrated (no waters
of hydration, u = Q) the weight percent of cesium is 42.6Z. However,
pellets fabricated incorporating this weight percent of cesium (40% — 43%)
tended to be brittle, easily fractured, white in color, and the cesium (as
hydroxide) easily leached out of the pellet by contact with water. If one
considers tnat the pollucite crystal lattice structure contains two waters
of hydration (i.e., n = 2), the weight percent of cesium contained in the
pollucite is reduced to 38.2%. Therefore, the optimum 37.5 wt Z reported
by Sandia for producing high quality pollucite pellets takes into account
the waters of hydration and thus results in little excess cesium which

would be subject to the action of leaching agents.

From the above discussion an equation for the correct quantity of
montmorillonite clay (GWL) to be added to the cesium carbonate can now be
formulated.

grams of Cs+

= 0.375 (B1)
grams of GWL + grams of Cs

But,
grams of Cs+ = (weight fraction Cs+ in Cs,C03)(grams of Cs;C03) (B2)

Substituting Eq. (2) into Eq. (1) yields

__(weight fraction Cs+ in C8,C04)(g C82C03)
g GWL + (weight fraction Cs+ in Cs5C03) (g Cs8,C03)

= 0.375 (B3)

Expanding the above expression gives
(g GWL)(0.375) + (0.375) (weight fraction C9+ in Cs7C03)(g Cs8,C03) =

= (weight fraction Cs+ in C8,C03) x (g Cs,CO03) . ! (B4)



Rearranging and combining similar terms gives the final expression

r \
g GWL I( (weight fraction Cs in Cs,C0;) (g 052003)]-

75
= 0.375 1) (weight fraction Cs in Cs,C03) (g Cs2C03)

O

OO

1
3
0.375

0.375 (weight fraction Cs ia Cs,C03) x (g Cs,C03)
1

g GWL = (1.667) (weight fraction s’ in Cs,C03) (g Cs,C03) (B5)




