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V. 
9. Sof-G@l Pro€@s§@§ for Isofopk H@of Sources 

Several radioactive isotopes are useful as heat 
sources for self-contained power production units. 
These devices could furnish energy for such pur
poses as auxiliary power for space missions, 
pacemakers for heart pat ients , and possibly an 
"art if icial heart that can be surgical ly implanted 
in the p a t i e n t . " ' 

Plutonium-238 and curium-244 are two of the 
isotopes of primary interest in the isotopic power 
program. In November 1966, because of the sig
nificant progress in sol-gel technology a s applied 
to 2^^Pu,2'^ the AEC requested that ORNL init iate 
development of a ^^*PuO sol-gel process a s an 
alternative to the production procedure then in 
use. This work was later expanded to include 
curium oxide. 

In laboratory-scale s tudies of the sol-gel 
process , we developed a procedure for preparing 
dense ^•'^PuO microspheres. Studies aimed a t 
sca l ing up the process (using 2 3 9pjj father than 
^ ^ ^Pu) are being made, using pilot-scale equip
ment in glove boxes. A plutonium sol-gel pilot 
plant has been built and is now in operation; pre
liminary runs with ^^^Pu were sat isfactory, but 
difficulties are being encountered with ^^^Pu. A 
plutonium sol-gel production unit was designed, 
built, and shipped to Mound Laboratory. Small-
sca le curium sol-gel s tudies are in progress. 

9.1 LABORATORY STUDIES OF "8pu 
SOL-GEL PROCESS 

The successful preparation of ^^®Pu sols and 
microspheres on a laboratory and pilot-plant sca le 

'Glenn T. Seaborg, "HFIR , TRU, and TRL - a 
Transuranium T e a m , " November 8, 1966 (AEC News 
Re lease S-43-66). 

^Chem. Technol. Div. Ann. Progr. Rept. May 31, 
1966, ORNL-3945, p. 170. 

^Chem. Technol. Div. Ann. Progr. Rept. May 31, 
1967, ORNL-4145, p. 195. 

has been reported.^'^ Additional laboratory work 
with ^^^Pu was needed in order to determine the 
effects of increased radiolysis and of self-heating 
on the process . The s tudies showed that, with a 
few minor flowsheet modifications, ^^*Pu sols 
could be made on a laboratory scale (10 g of 
^^^Pu) and that excellent microspheres could be 
obtained from these so ls . 

Investigation of Process Variables 

The laboratory studies were designed to: (1) 
develop procedures for making ^^^Pu sols , (2) 
determine the stabili ty of the sols , and (3) de
velop procedures for forming good microspheres 
from the so l s . The start ing material in all the ex
perimental work was calcined ^ ^ *PuO . The 
oxide was dissolved in HNO , and the valence 
was then adjusted with nitric oxide; the resulting 
solution was used for several experiments. 

Our initial approach was to proceed rapidly 
t h r o u ^ the s t eps of the ^ ^ ' P u flowsheet^ to 
avoid radiolysis and self-heating effects. High 
concentrations of acid were used to maintain 
valence stabil i ty and to provide convenience in 
handling. In these experiments, 4 to 8 M HNO^ 
solutions of tetravalent plutonium were precipi
tated in 4 to 10 Af NH^OH. Peptization was done 
at NO ~ / P u mole ratios of 2.5, and the peptized 
solution was evaporated under partial vacuum at 
80°C. Thermal denitration of these preparations 
was unsuccessful; the resulting solids would not 
resuspend in water, although the NO ~ / P u mole 
ratios were about 0.3. 

Efforts were then made to adhere more closely to 
the ^ ^ ^Pu flowsheet. Valence stabil i ty data indi
cated that tetravalent ^^^Pu would be stable in 
2 M HNO^ for reasonable periods of time. This 
permitted the use of plutonium stock solutions with 
a low concentration of free acid (2 M HNO ) and a 
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dilute base for precipitation (2 M NH OH). In 
addition to the use of more dilute reagents, two 
other procedural controls were insti tuted. (1) 
During filtration, the precipitate was not allowed 
to. form a dry filter cake. (2) When it became 
necessary to hold the preparation at an inter
mediate s t ep , the solutions were maintained at 
low plutonium concentrations. Thermal denitra
tion of these preparations was successful , and 
high yields of ^^*Pu sols with N O ^ / P u mole 
ratios of 0.15 to 0.20 were obtained. However, 
the opaque sols were more viscous than desired, 
and the formation of foam as a result of radiolysis 
was very apparent. The foam presented some 
mechanical problems in adding the sol to the 
column. Microspheres made from these sols dis
played surface imperfections, generally character
ized by deep pits or holes . These effects were 
independent of the types of surfactants used and 
the concentrations of surfactants in the micro
sphere forming column. Since the so ls appeared 
less fluid and more opaque than ^ ' '^Pu sols of 
comparable NO ~ / P u ratios, and s ince the mi
crospheres were not of the desired quality, further 
efforts were made to improve the ^•'^Pu so ls . 

We found that so ls of a superior quality could 
be made by incorporating an " a g i n g " s tep in the 
flowsheet. Aging could be accomplished by re-
fluxing the washed precipitate in either water or 
dilute NH OH for about 2 hr. Because of the 

4 

simplicity of aging in water, this procedure has 
been adopted in the general flowsheet. The aging 
step improves the crystallinity of the plutonium 
precipitate and increases the polymer's res is tance 
to radiolysis and chemical degradation. Subse
quent thermal denitration of material made by 
using this s t ep gave 100% yields of dark-green 
translucent so l s . The so l s were more fluid and 
had lower NO ~ / P u mole ratios than those made 
without the aging s t ep . Formation of foam was 
scarcely noticeable. These so l s were generally 
concentrated until they were 1 to 1.5 M in plu
tonium prior to the formation of microspheres; 
however, they were s t i l l fluid at concentrations 
greater than 2 M. Excellent microspheres, which 
did not show surface imperfections or holes under 
microscopic examination, were made from these 
so l s . The so l s appeared to be s tab le on standing 
and showed no tendency to set t le after several 
days; after periods of about one week, the only 
visible change was the loss of water through the 
vented caps of the containers. The sols were 
generally used about one day after preparation. 

Laboratory Flowsheet 

The flowsheet used for the laboratory experi
ments with ^^^Pu is shown in F ig . 9 . 1 . The 
start ing material was PuO . The oxide was dis
solved in concentrated HNO ; HF was added 
two or three times in quanti t ies sufficient to 
make the solution 0.02 M in HF. The solution 
was diluted to 6 M HNO^, and the valence of the 
plutonium was adjusted by bubbling nitric oxide 
through the solution while the temperature was 
maintained at 60 to 70°C. The final stock solu
tion was 1.5 to 2.0 M in HNO3 and 0.1 M in plu
tonium. Precipitation and peptization were car
ried out according to the general procedure;^ the 
above-mentioned aging s tep was incorporated into 
the flowsheet following the precipitation s tep. 
Denitration was accomplished in 4 to 6 hr at 
240°C in a covered heating unit machined from 
s ta in less s tee l . To increase the rate of denitra
tion at NO ~ / P u mole ratios below 0.2, the cover 
was ^n e ra l l y removed. The final so ls were made 
by dispersing the sol ids in water and concentrating 
the sols until they were 1 to 1.5 M in plutonium. 
The final NO ~ / P u mole ratios were 0.1 to 0.15. 

Evaluation of Microspheres 

Plutonium-238 microspheres with diameters of 
50 to 400 fi were made in a laboratory column, 
using the standard ORNL techniques. Amine O 
or Span 80 (0.1 vol %) was used as the surfactant, 
and the drying solvent was 20% octanol in 2-ethyl-
1-hexanol. The so l s were fed from an inverted 
syringe pump that was mounted at an angle of ap
proximately 45°. This permitted radiolytic gases 
to col lect above the sol and maintained a better 
flow of sol to the column. After being dried in 
the column, the microspheres were then dried and 
calcined (in air) at 1150°C. 

The general appearance of the microspheres was 
excellent (e.g. , see Fig. 9.2). Densi t ies of the 
microspheres, as determined by mercury poro
simetry, were as high as 97% of the theoretical 
crystal density. Crushing s trengths, which av
eraged almost 1200 g per 300-/x-diam microsphere, 
were about twice the values normally obtained for 
^ ^ ' P u spheres . Metallographic examination of the 
microspheres indicated high densi ty, although more 
porosity was evident than was generally observed 
with ^ ^ ' P u microspheres. Two polished sect ions 
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poo 
Fig. 9.1. Flowsheet for Laboratory Preparation of Pu So 

are shown in Fig. 9.3. There is an indication of 
some included material, which could be s i l ica 
s ince g lass equipment was used during sol 
preparation. 

Scouting experiments were performed to estimate 
the amount of water-lea chable contamination at the 
surface of calcined microspheres. Microspheres 
were first washed rapidly with water to remove 
general contamination before they were added to 

the tes t solution. The washed microspheres were 
then soaked in water for 4 hr (0.1 g of microspheres 
per 25 ml of water); activity of the leachate was 
2 X lO"* dis min""' ml~-^. The leachable activity 
could be reduced to 4 x 10^ dis min~' ml~^ by 
soaking the spheres in 8 M HNO for 30 min at 
25°C prior to water leaching, or to 400 dis min~^ 
ml" -̂  by boiling the spheres in 8 M HNO for 5 
min prior to leaching. 
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PHOTO 87421 

F ig . 9 .2 . Calcined Microspheres (300-/i diameter) of ^"'^PuO, 
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Fig. 9.3. Polished Sections of 238p„o Microsphe 
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9.2 DEVELOPMENT STUDIES IN A 
GLOVE-BOX SYSTEM 

A glove-box facility, capable of processing 
about 150 g of plutonium per day, was built for 
use in the overall plutonium program (which in
cludes the use of plutonium mixed with other 
metals). This facility was used for develop
mental work in the isotopic heat source program; 
23 9pu was used a s a stand-in for ^•'^Pu. The 
basic flowsheet and the equipment have been 
described previously.^ 

The developmental work included improving 
the drying and firing procedures to increase the 
density and the thermal stability of the plutonia, 
determining the effects of impurities on the 
product, and evaluat ing surfactants that have 
been proposed for use in the process . In addi
tion, a continuous procedure for washing the pre
cipitated PuO was tested successful ly; this 
procedure is much faster than the batch proce
dure. 

Dens i f i ca t ion and Thermal S tab i l i t y Studies 

Earlier s tudies had revealed the presence of 
microscopic pores in PuO^ microspheres, even 
when the densi ty of the spheres was greater than 
99% of theoretical . An empirical tes t for de
termining the thermal stabil i ty of dense micro
spheres consis ts in heat ing the spheres rapidly 
(15 min) to 1800°C at 10"^ torr and holding a t 
this temperature for 30 min. When PuO micro
spheres were subjected to this test , a signifi
cant fraction of the spheres shat tered, and about 
2% of the total weight was lost . Metallographic 
examination of tes ted microspheres showed that 
large void spaces had appeared and that pos
sibly some sintering had occurred (see F igs . 
9.4 and 9.5). In an effort to reduce these ef
fects, the drying procedure was modified to 
provide a steam atmosphere (rather than argon) 
at temperatures up to 170°C; the firing procedure 
was a lso modified to include a sweep of humidi
fied air. Microspheres that were dried and fired 

R - 4 1 5 8 0 

Fig. 9.4. PuO. Prepared Without Steam Drying. As received. 
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Fig . 9 .5 . PuO_ Prepared Without Steam Dry ing. Af ter heat ing for 15 min at 1800°C and 2 X 10~ torr . 

according to the new schedule were characterized 
by high density and low microporosity. When these 
spheres were heated to 1800°C, the porosity was 
less than had been previously encountered (see 
Fig. 9.6), however, the weight loss was s t i l l 
about 2%. 

Correlations between resul ts of the tests de
scribed above and the impurities in the micro
spheres were not conclusive, but the greatest 
destruction appeared to occur among micro
spheres having high sodium contents . (The 
source of the sodium was the surfactants; the 
sodium concentrations in Ethomeen S/12 and 
Span 80 were 0.6 and 1.2 g/l i ter respectively.) 
When Amine O, with a sodium content of less 
than 1 ppm, was used as the surfactant in a 
ser ies of runs, the final microspheres were 
relatively free of sodium; however, the density 
of the product (about 93% of theoretical) was 
lower than desired. In addition, the Amine O 
did not prevent agglomeration of the gpl droplets 
during the gelation s tep . 

Steam-dried gel microspheres contained about 
0.8% residual carbon (as organic material), which 
could be reduced to l ess than 20 ppm by firing 
with a sweep of moist air. Spheres that were 
calcined without an air sweep had a final carbon 
content concentration of 0.55% and a bulk density 
of only 94% of theoretical. When these micro
spheres were recalcined with an air sweep, they 
shattered, and their densi ty was reduced to 83% 
of theoretical. 

Continuous Washing of Precipitated PuO. 

After the hydrated PuO is precipitated from the 
aqueous nitrate system, soluble ionic materials 
are removed by washing the precipitate with 
water. Batch washing and filtering through sin
tered s ta in less s t ee l is very slow. In an effort 
to reduce the time required for this s tep , the 
equipment was modified to permit continuous 
washing. A test was conducted with 150 g of 
plutonium in a total slurry volume of 2 l i ters. 
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Fig. 9.6. PuO. Prepared with Steam Drying. After heating for 15 min at 1800°C and 2 X 10 torr. 

••a f Ijd 

The pH of the filtrate decreased to l e s s than 8 
after 18 liters of wash water had been used; 
this volume may be compared with the 12 liters 
that would have been required for batch washing. 
However, the total time required was significantly 
reduced, s ince the filtration rate for continuous 
washing was 200 ml/min as compared with 60 
ml/min for batch washing. 

9.3 PLUTONIUM SOL-GEL PILOT PLANT 

A remotely operated, neutron-shielded facility 
was constructed in cell 4, Building 3019, to 
demonstrate the sol-gel process as a method for 
producing dense ^^^PuO^ microspheres. The 
equipment was s ized to process 200 g of plu
tonium per day, or 1 kg of mixed oxides (con
taining up to 25% fissile material) per day. 
The system was designed a s a remotely op
erated replica of the ^^^Pu glove-box system 
that was d iscussed in Sect. 9.2. After the 

equipment components were fabricated, they 
were installed in a plywood mockup for vesse l 
calibration and for hydraulic t es t ing of the 
piping system. The use of th is mockup was 
necessi ta ted by the space limitations in cell 4. 
The equipment and piping were then moved to 
cel l 4, where they were permanently installed; 
a front view of the pilot plant is shown in 
Fig. 9.7. 

Demonstration of ^ Pu Microsphere Production 

The sol-gel pilot plant was initially operated 
with ^^^Pu in order to characterize the equipment 
and to es tabl ish operating parameters. A total of 
four 150-g runs were made prior to the introduction 
of 2 3 8p^ jjj(.Q ĵ̂ g system. The first three were 
partially successful , and the fourth was completely 
successful; microspheres of good quality were pro
duced, but only about 50% of them were within the 
desired s i z e range (88 to 250 /i in diameter). 
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PHOTO 89484 

F ig . 9 .7 . Front View of the Plutonium Sol-Gel Pilot Plant. 

Following this operating period, the cell face 
was shielded with 5 in. of Benelex 100-A in prep
aration for the processing of ^^^Pu. 

Demonstration of Pu Microsphere Production 

The basic ^^^Pu flowsheet was followed in work 
with 2 3 8pu (80% 2 3 8pjj_ j g ^ 2 3 9py_ ^^^ 4% ^^^^^ 

plutonium isotopes); but, as a result of experience 
with this plutonium isotope in earlier laboratory 
s tud ies , more stringent control of conditions was 
applied a t t imes. Of the four sol runs (50 to 160 g 
of plutonium per run) that were made, none was 
completely successful in preparing a sol suitable 
for microsphere preparation. However, each of the 
attempts has contributed to a better understanding 
of the spec ia l difficulties of remote sol prepara
tion, of the limitations of the physical equipment. 

and of the specia l radiolytic problems inherently 
associa ted with ^^^Pu (specific activity of 3.8 x 
10^° dis min~^ ml~^ and heat generation of 0.55 
w/g) . Current operational modifications include: 
(1) dissolution of plutonium oxides in glassware 
to eliminate the accumulation of s ta in less s tee l 
corrosion products (from the condenser system) 
when fluoride is used a s a ca ta lys t ; (2) continuous 
washing of suspended precipitate to decrease 
washing time and to prevent caking of the pre
cipitate, which would cause damage to the plu
tonium polymer a s a resul t of localized overheat
ing or radiolytic effects; (3) peptization at 
N O ^ / P u mole ratios of at least 2.0, with sub
sequent rapid concentration by evaporation and 
final concentration (to dryness) by "fuming" a t 
95°C, to reduce the polymer damage from the 
combined effects of high HNO concentration 
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and high temperature; and (4) denitration without 
an air sweep through the baking furnace to pre
vent excess ively rapid denitration. The first 
three of these modifications were incorporated 
in the fourth run; excellent resul ts were achieved 
prior to the denitration s tep . In this run, a so l 
was prepared from the filter cake by partially re-
suspending the solids in water. Although the 
average NO ~ / P u mole ratio for the entire batch 
was extremely low, the N O ^ / P u mole ratio of 
the sol was s t i l l too high to permit the formation 
of spheres . We believe that a ^^*Pu sol suitable 
for sphere forming can be prepared by incorporating 
the fourth modification into the procedure. 

Sphere forming equipment was successful ly op
erated to produce ^^*PuO microspheres from a 
sol (NO " / P u mole ratio, 0.18) prepared by 
Chemical Development Section A. The micro
spheres were formed in 2-ethyl-l-hexanol con
taining 0.3 vol % Ethomeen S/15. The gel 
spheres were dried in air at temperatures up to 
140°C and then calcined at 1200°C. Two problems 
were encountered in the ^ s s p ^ microsphere forma
tion: (1) excess ive gas evolution from the so l in
troduced a surge capacity in the sol feed system 
and caused uneven feed flow to the column and 
(2) the final microspheres had such a high initial 
s ta t ic charge that very few of them could be re
moved from the calcining furnace. The final 
microspheres were characterized by a dimple, or 
"cherry p i t , " and, in general, had sl ightly l e s s 
desirable physical character is t ics than comparable 
^^®Pu microspheres. 

9.4 ASSISTANCE TO MOUND LABORATORY 

Equipment for the preparation of ^ -̂  *PuO sols 
and for the subsequent forming, drying, and firing 
to dense ^^^PuO microspheres was fabricated, 
installed in a s t a in less s tee l cubicle, and shipped 
to Mound Laboratory, Miamisburg, Ohio. The box, 
10 ft long by 7 ft 3 in. high and 42 in. deep, has 
been instal led as part of a new, shielded produc
tion facility, where it is to be operated remotely, 
using four model G manipulators; one end of the 
box is shown in Fig. 9.8. The production capacity 
of the unit i s one batch of sol , containing 150 g 
of plutonium, per 24 hr. The equipment was de
signed in accordance with the standard precipi-
tation-peptization-denitration flowsheet for pro
ducing sol.^ Microspheres are to be made by 

forming droplets of sol in a two-fluid nozzle, 
fluidizing the droplets in a stream of 2-ethyl-l-
hexanol in a tapered glass column until they are 
dried to a gel, drying the gel spheres in hot air 
and steam at temperatures up to 160°C, and, 
finally, firing the spheres in air at temperatures 
up to 1200°C. 

The sol forming equipment includes: (1) feed 
adjustment tank, (2) precipitation-peptization 
vesse l , (3) high-nitrate so l evaporator, (4) deni
tration vesse l , (5) final so l evaporator, and (6) 
sol surge tank. (The precipitation-peptization 
and the denitration vesse l s were described 
earlier.^) Also included are separate filtrate 
(basic) and condensate (acid) waste systems 
(two tanks each) and vacuum and ve s se l off-gas 
systems. An infusion pump meters the sol to the 
microsphere forming column; a surge tank with a 
submerged centrifugal pump, a cooler, a filter, and 
a s t i l l for removing H O from the 2-ethylhexanol 
comprise the system for recirculating the solvent. 
A surge vessel for gel spheres , a dryer with assoc
iated steam generator, and a firing furnace con
st i tute the remainder of the process equipment. 
The equipment was checked for operability after 
the final installation, and the box was closed and 
leak-checked prior to shipment to Mound Labora
tory. 

9.5 CURIUM SOL-GEL STUDIES 

A development program was init iated to prepare 
curium and mixed curium-americium oxides of 
controlled particle s i z e for incorporation into 
HFIR targets (see Sect. 6.3). The development 
of a sol-gel process for preparing oxide micro
spheres of controlled part icle s ize from rare 
earths (as stand-ins for americium and curium) 
and the evaluation of equipment for preparing 
10-g batches of sol with rare earths and ^'^'Am 
were discussed in the last annual report. ' ' During 
the pas t year, the process was successfully 
adapted to the preparation of mixed ^'*'*Cm-^'*^Am 
sols (78% 244Cm, 6% higher curium isotopes , 16% 
^''^Am) and was used to prepare 30 g of curium-
americium oxide microspheres. These experiments 
demonstrated our ability to prepare 10-g batches 
of mixed ^*''Cm-^'*^Am oxide so l s and oxide mi
crospheres of controlled s i ze by the modified 
method. 

'^Chem. Technol. Div. Ann. Progr. Rept. May 31, 
1966, ORNL-3945, P- 149. 
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PHOTO 89963 

Fig . 9.8. Portion of Sol-Gel Production Unit Fabricated for Mound Laborat 
ory. 
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Process Equipment 

A facility to house the curium sol experiments 
was installed in cell 4 of Building 4507. Sol 
preparations were made in modified laboratory 
glassware; however, the equipment rack shown in 
Fig. 9.9 was a lso required. This dual-purpose 
unit contains the microsphere forming column, 
the solvent circulation system, and various process 
and storage vesse l s required for curium purifica
tion. The following refinements were built into 
the circulation system: (1) a bead overflow trap 
coupled with a solvent air-lift system, which re
turns solvent to the main reservoir, (2) a pressure 
ballast for s tabi l iz ing metered flow, and (3) a 
duplicate pump arrangement, which allows either 
of the two pumps to operate the entire system. 

Sol Preparat ion 

Prior to the preparation of sol , feed material was 
purified by either a s ingle or a double oxalate-
precipitation—calcination cycle. Judging by ex
periments to date , high purity is required for sat
isfactory sol preparation. The impurity level of 
the original feed, which contained 150 mg of 
zirconium per gram of curium and smaller amounts 
of other ionic impurities, prevented sol formation. 
A single oxalate cycle reduced the zirconium con
centration to l e s s than 10 mg per gram of curium. 

Batch s izes in these experiments varied from 
4 to 9 g of total metal. In init ial efforts to pre
pare curium-americium oxide so l s , a s tock solu
tion that had been purified by one oxalate cycle 
was used. The procedure that had been used to 
prepare ^''^Am oxide so l s consis ted in precipitat
ing the metal hydroxide by adding a dilute solu
tion of the metal nitrate to a large excess of 8 M 
NH OH, filtering and washing with water (in a 
jacketed filter funnel) to a final pH of 8—9, and 
heating for 1 to 2 hr at 85°C. During heating, the 
paste converted to a fluid sol , which could be 
collected by filtration. Yields of final curium-
americium oxide so l s prepared in this way were 
very low (10 to 15%). It appeared that prolonged 
contact between the s intered-glass frit and the 
hydroxide, under s t a t i c condit ions, produced a 

thick cake that would not convert to sol . In 
subsequent experiments, essent ial ly complete 
conversion to sol was obtained by fluidizing the 
filter cake during the washing s tep and removing 
the hydroxide from the filter immediately at the 
end of this s tep . The hydroxide was digested at 
85°C in a glass beaker. Conversion to a fluid 
sol required about 2 hr under these conditions. 
These so l s were milk-white, had NO ~/meta l 
mole ratios of 0.4 to 0.7, and exhibited only a 
slight tendency to form radiolytic-gas-generated 
foam. The sols were quite fluid at concentrations 
of 0.1 to 0.15 M but tended to thicken at a con
centration of about 0.2 M. 

Subsequent sol preparations were made using 
stock solution that had been highly purified by a 
double oxalate-precipitation cycle. Three con
secut ive high-yield runs produced sols that were 
superior to previous preparations in several re
spec t s . For example, the NO ~/meta l mole 
ratios were reduced from about 0.7 to 0.2, the 
digestion time required for converting washed 
hydroxide to crystal l ine sol was reduced from 2 
hr to 1 hr or l e s s , and the sols were very fluid 
at metal concentrations of 0.2 to 0.25 M. The 
sols were characterized by excellent colloidal 
stabil i ty. No foaming was observed. 

Preparat ion of Microspheres 

Gel microspheres were formed from 0.1 to 
0.25 M curium-americium oxide so l s , using 
standard sphere-forming techniques. Plugging 
of the column feed line, which was experienced in 
early runs, was virtually eliminated by using a 
larger orifice in the column nozzle and by water-
cooling the sol during storage. 

The gel spheres were removed from the column 
and air-dried overnight in an open container prior 
to calcination in air at 1150°C. The calcined 
spheres were free flowing, dust free, and showed 
no tendency to crack or disintegrate. A photo
micrograph of these spheres is shown in Sect. 
6.3. The particle s ize varied from 40 to 177 ^ 
in diameter. The character is t ic pit s een in the 
larger spheres is believed to be a result of low 
sol concentration, s ince similar effects are ob
served when dilute rare-earth sols are formed. 
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F ig . 9 .9 . Curium Sol Equipment Rack. 




