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ABSTRACT OF THE DISCLOSURE 
The invention is to a method of preparing a metal 

oxide clad sol of a hydrous oxide 0)‘ thorio, urania, plu 
tonia, or mixtures thereof, by adding a monobasic acid 
salt of Zirconium or titanium to an aqueous dispersion of 
said hydrous oxide and then concentrating the solution 
and passing it through an ion exchange membrane and 
recovering the metal oxide clad sol. 

This invention relates to stable hydrous oxide sols and 
the methods of preparing them. 

In one speci?c aspect it relates to the preparation of 
thoria, urania and plutonia sols suitable for use in aque— 
ous homogeneous reactors. This application is a continua 
tion~in-part of our prior application SN. 693,511, ?led 
October 31, 1957, now US. Patent No. 3,097,175. 

Aqueous homogeneous reactors may be one of three 
types: Burner reactors, converter reactors or breeder 
reactors. Burner reactors are those in which ?ssionable 
materials are consumed as fuels but virtually no fuel is 
generated. Converter reactors are those which produce a 
different ?ssionable fuel than is destroyed in the ?ssion 
process. Breeder reactors are those which produce more 
of the same type of ?ssionable fuel as is being consumed 
in the reactor. A converter reactor becomes a breeder 
reactor if there is a net gain in the production of ?ssion 
able fuel and this fuel is subsequently burned in the 
reactor. 

The nuclear reactions involved in the breeder reactor 
using a mixed thoria-urania fuel are typical and are well 
known. In a two region reactor, for example, a core of 
uranium solution is surrounded by a blanket of thorium 
232. As the uranium in the core ?ssions, it gives off neu 
trons, some of which are absorbed by the thorium 232 to 
convert it to thorium 233. Thorium 233 decays with a 
half life of 23.3 minutes to yield protactinium 233 which 
in turn decays to uranium 233. The uranium 233 is ?s 
sionable uranium isotope and itself a suitable fuel. These 
breeder reactors may also be designed as single region 
reactors which contain a homogeneous mixture of ?ssion 
able and fertile material in a moderator. These reactors 
differ from the single region reactor in that they have larger 
reactor diameters in order to minimize neutron losses. 
They normally contain the fuel plus fertile material in con 
centrations as high as 300 grams per liter. 
Aqueous homogeneous reactors have several advantages 

over the conventional type of reactors used in nuclear 
power development. These advantages stem partly from 
the ?uid nature of the fuels and partly from the homogene 
ous mixture in the moderator. The most obvious advan 
tage of these systems resides in the high power density; that 
is, because of the homogeneous nature of the reactor fuel 
?uid, there is essentially no heat transfer barrier between 
the fuel and the coolant. These reactors also compare 
favorably with heterogeneous reactors in that the high 
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burn-up of fuel is possible. Because the fuel is liquid, con 
tinuous removal of poisons that cause radiation damage 
to fuel elements is possible and new fuel can be continu 
ally added to the system thereby permitting unlimited 
burn-up. Neutron economy in the liquid fuel system is 
improved by eliminating the absorption of neutrons by the 
cladding and the structural materials which are present in 
the reactor core of the heterogeneous reactors. The de 
sign of these reactors makes possible rapid removal of ?s< 
sion product poisons. 

In some of the reactor systems of the prior art, uranyl 
sulfate in aqueous solution is used as the fuel in aqueous 
homogeneous reactors. These solutions have not been 
particularly satisfactory as neutron sources because they 
are corrosive at temperatures of 250 to 300° C. and at 
these temperatures have been found to be unstable. 

It has been recognized that these problems can be solved 
by using plutonia sols, urania sols, thoria sols or thoria 
urania sols as fuels in aqueous homogeneous reactors of 
the type set out above. Sols have the advantage of being 
homogeneous ?uids and have been found to avoid the dis 
advantages that are present when plutonia, urania, thoria 
or thoria-urania slurries are used. There is, for example, 
no need to furnish agitation to prevent solids separation. 
Because of their small size, these particles are not subject 
to attrition and the problem of erosion of equipment he 
comes unimportant. Sols have relatively low viscosities 
and thus can be easily pumped. 

In order to obtain the ?nal thoria, urania or plutonia 
sol of the necessary hydrothermal stability and low vis< 
cosities, it is necessary that the thoria, mania or plutonia 
particles be spheroidal or substantially so. In addition, 
the particles suitable for use in production of the stabi 
lized sols of the present invention should be of uniform 
size of more than about 30 millimicrons weight median 
diameter, but still exhibiting colloidal properties. Suitable 
thoria, urania or plutonia sols can be prepared by con 
tinuously removing anions from a dilute salt solution While 
maintaining the system at an elevated temperature. 
Preferred techniques suitable for union removal are: (l) 
Electrodialysis using anion permeable membranes, (2) 
dialysis using an anion permeable membrane, (3) ion ex 
change using resin in the hydroxide form, (4) decomposi 
tion of the salt of volatile acid, and (5) electrolysis of a 
thorium, uranium or plutonium salt, the anion of which 
is oxidized to a volatile compound or state. 

In the present process we start with an aqueous solu 
tion of any thorium, uranium or plutonium salt of a 
strong monobasic acid, preferably with a salt which is 
sufficiently soluble that a 5 to 10% T1102, U02 or PuO, 
solution can be formed. The polybasic salts are not used 
because their multi-valent anions adversely aliect stability 
of the 501 during formation. The nitrates, chlorides or 
perchlorates of these elements are suitable for this pur 
pose. The choice of the salt to be used in the process of 
preparing these sols depends on the metal ion to be used, 
thus in plutonium where the plus IV sols would be the 
most desirable, the chloride would be used. The disadvan 
tage of the chloride is that it is corrosive at elevated tem 
peratures and the chloride ions must be removed to a low 
ionic concentration after the sol is prepared. The thorium 
nitrate is a stable plus IV nitrate and is the most desirable 
starting salt. 

Thoria, urania and plutonia sols prepared by any of 
the foregoing techniques are characterized by relatively 
dense, generally spherical particles having colloidal di 
mensions and exhibiting no tendency to agglomerate at 
ambient temperatures. 
The methods of preparing thoria dispersion by peptiz 

ing thorium oxide hydrogels are well known. Such dis 
persions have been characterized by undesirably high 
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viscosities and they are not rendered hydrothermally 
stable by any heretofore known method. These undesir 
able characteristics arise from the irregular shapes of the 
particles making up the dispersion as well as their high 
degree of hydration. 
We have discovered that generally spherical, colloidal 

densitied thoria, urania, or plutonia particles prepared by 
the methods described above can be coated with a pro 
tective layer such as silica, zirconia, titania, etc. The 
cladding with silica gives a product that has some advan 
tages over the zirconia coated product. Certain here 
inafter de?ned precautions must be taken to avoid 
gelation of the thoria, urania or plutonia sol during the 
coating of the sol with silica. 
We have discovered that the parent thoria, urania or 

plutonia sols as well as cladded silica sols should be rela 
tively dilute in order to establish proper mixing. For 
example, it is preferred to use a parent thoria sol at a 
solids content of about 10%. In like manner, it is pre 
ferred to use a silica sol at a concentration of about 1 
to 2% silica. 

In order that accretion of the silica particles to thoria 
particles occurs rapidly and completely, it is necessary 
that the silica particles be in an active state as is char 
acterized by freshly prepared sols. In addition, the 
silica sol to be used in forming the coating should be 
relatively free of large micelles. 8015 which have been 
stabilized as by heat treating or aging do not accrete to 
the thoria particles and thus are not suitable for the 
present purposes. Accordingly, it can be said that the 
silica sol should be active or freshly prepared and that it 
should have been prepared under conditions which yield 
a micelle size of less than 5 millimicrons. 

Useful sols of silica may be prepared by deionizing 
sodium silicate by passing it through a cation exchange 
resin. Ion exchange is the preferred method since it 
yields a sol substantially free of electrolytes. This 
method is described fully in U.S. Patent No. 2,244,325. 
It is preferred that both thoria and silica sols be sub 
stantially free of electrolytes at the time they are brought 
together, otherwise gelation may occur. A silica sol 
prepared by ion exchange contains virtually no sodium 
and is very reactive. Sols of about 2% silica (the con 
centration which gives the best results) can be readily 
prepared by ion exchange. 
The particles may be coated with zirconia using the 

same or a substantially different technique. In this 
method, a thoria, urania or plutonia sol is deionized and 
zirconyl nitrate in a dilute solution is added to the heated 
sol dropwise with vigorous stirring. The sol is concen 
trated and then passed through an ion exchange resin 
to remove the electrolytes. Inasmuch as the resin will 
not remove the zirconia and because of the stability of the 
zirconia-coated sol, it is obvious that the zirconia par 
ticles are present as a coating on the thoria, urania or 
plutonia sol particles. 

Electrophoresis tests reveal that the sol particles in the 
parent sol, such as a thoria sol, carry a positive charge, 
whereas the silica particles carry a negative charge. This 
measurement is made in accordance with the method 
described in Physical Methods of Organic Chemistry, 
Part II, Second Edition, by A. Weissbergcr, p. 1685. 
The apparatus comprises a Tiselius cell in a Schlieren 
optical system. 
One of the problems involved in the silica cladding 

is that the silica may tend to gel or precipitate at the 
isoelectric point. Thus, if thoria and silica sols are 
mixed together in amounuts sucient only to neuturalize 
mixed together in amounts su?icient only to neutralize 
a charge on the respective particles, a gelation may re 
sult or the particles may precipitate at the isoelectric 
point. We have discovered that precipitation or gelation 
does not occur if the mixing is carried out under such 
conditions that the charge on the thoria particles is 
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4 
changed quickly from positive to negative and the mixture 
is not allowed to stand for any appreciable time at the 
isoelectric point. Thus, it is necessary that the silica sol 
be added to the parent thoria sol rapidly and with 
thorough mixing so that the particles or micelles of thoria 
and silica are brought to the negative side substantially 
instantaneously. 

In this way gelation can be avoided. In order to in 
sure complete and rapid mixing of silica and thoria 
particles, the sol should be relatively dilute when mixed, 
Once the thoria has been coated with silica particles and 
the coated micelles exhibit a negative charge, the danger 
of gelation is not so great. This mixed sol exhibits some 
of the properties of silica sols and since both starting sols 
are acidic, the mixed sol is also acidic. Like acidic 
silica sol, it is not stable for long periods. At an acid 
pH it may be gelled by the addition of electrolytes or by 
heating to concentrate. We have found that the mixed 
sol can be stabilized by the addition of su?icient alkali 
metal hydroxides to raise the pH of the solution to a 
value of between 7 and 11, the preferred pH being about 
7.5 to 9.0. This should be done soon after mixing. At 
about pH 11, the silica begins to be redissolved. There 
fore, it is desirable to add just enough alkali to insure 
stability of the ?nal so] but not enough to dissolve the 
silica. 
The amounut of silica used in cladding the thoria, 

urania or plutonia particles must be suf?cient to convert 
the charge on the thoria, urania or plutonia particles from 
positive to negative. The weight ratio of thoria, urania 
or plutonia to silica or zirconia, titania, etc. cannot be 
stated with mathematical exactness since the amount of 
silica required to coat the thoria particles is dependent on 
the amount of surface and not on the weight of the thoria. 
Obviously if the thoria is relatively dense, the weight 
ratio of silica to thoria will be lower than if the thoria 
particles are less dense. In general, the thoria to silica 
weight ratio will be in the range of 1:1 to 10:1 and pref 
erably between 2:1 and 3:1. In coating with zirconia, 
titania, etc. the zirconia, titania, etc. is added as a nitrate 
solution of the metal. This solution must of necessity 
be dilute and preferably about 1.5% to 2% as the metal 
nitrate solution. The amount of this solution to be 
added depends on the amount of surface and not the 
weight of the thoria, urania or plutonia. In general, 
the thoria, urania or plutonia to cladding metal oxide 
weight ratio would be in the range of about 1:1 to 20: 1, 
preferably between 2:] and 10:1. In silica coating, the 
thoria to silica ratio should be as high as possible since 
neutron capture is a nuclear process depending on atomic 
considerations and silicon is a relatively light element. 
Even at rate ratios as low as 1:1, the presence of the 
silicon does not reduce the ef?ciency too much because 
its thermal neutron capture cross-section is 0.13 barn 
as compared to 7 for thoria. Thus, at a thoria to silica 
ratio of 1:1 (corresponding to an atomic ratio of 
0.227:l), the silica will capture only about 8% of the 
neutrons and the thorium will capture 92%. At a 3:1 
ratio, the silica will capture only about 2.7%. The anion 
content of the sol at this stage is usually in the range of 
0.1 to 1 weight percent. 

If the anion content of the mixed sol is undesirably 
high, further puri?cation is carried out. This can best 
be done by heating the alkaline sol under non-evaporative 
conditions under total re?ux or in an autoclave to insure 
release of anions from within the micelles. This solution 
can then be cooled and contacted with a deionizer to 
remove electrolytes. After alkaline metal ions are re 
moved, the alkalinity must be restored by adding an 
alkali metal hydroxide. The resulting pH should be 
about 7 to 11 as stated above. Except for the stabilizing 
alkali metal cations, the resulting solution is substan 
tially electrolyte free. 
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During heating of the sols as described above, the 
silica, zirconia, titania, etc. particles become closely asso 
ciated with the thoria, urania or plutonia micelles. In 
electron micrographs of the autoclaved silica-coated 
thoria sols, for example, no evidence of free silica par 
ticles were seen. In electron micrographs of these auto 
claved sols, the micelles appear as large dense opaque 
cores of thoria having a less opaque shell of silica. The 
sols at this stage are stable inde?nitely at temperatures 
up to 300° C. These sols are well suited for nuclear re 
actor uses. 
A sol prepared as described can be concentrated by 

evaporation to a total solids content of about 60%. The 
?nished sol may be diluted to any lower solids content by 
the addition of deionized water or water of low ionic con 
tent. 

Since sols of this type tend to coagulate or gel on the 
addition of electrolytes, care must be taken that the 
electrolyte content be maintained a a minimum. A con— 
venient method of measuring concentration of the un— 
desired materials is speci?c conductance. For the sols 
of the present invention, speci?c conductance will usually 
range between 10*5 and 10"2 mhos./cm. The stability of 
any given sol is improved by a reduction in the ionic 
content. Therefore, conductances in the lower part of 
this range are preferred. 
Our preferred hydrothermally stable sols have a spe 

ci?c conductance of less than that of a pure alkali metal 
hydroxide solution of the same alkali concentration. 
Speci?c conductance is measured at 25° C. and one kilo 
cycle using a standard conductivity bridge with a cell in~ 
serted in one arm. The cell constant is determined using 
KCl solutions of 0.01 normality (the conductance of 
which is ascertained from the conductivity tables) and 
using the equation 

KzLKCl/ 1 
where 

K=cell constant [and] in cm.‘1 
Rrbridge resistance in ohms 
L=speci?c conductance in mhos. of the standard KCl 

solution 

The conductance L of the sol in question can be deter 
mined by measuring its resistance in the same cell and 
using the equation 

L sol= WIN 
where 

Kzcell constant 
R—_—resistance in ohms 

Low viscosity is in general associated with stability. 
A low viscosity is desirable in the present invention in 
asmuch as these stable sols are intended for use in pre 
paring fuels to be used in nuclear reactor systems. 
The thorium content of our $015 was determined by 

?uorescent X-rays spectroscopy and by standard gravi 
metric techniques. Electron micrographs were made using 
the standard techniques. 

In the present disclosure, we have referred to the use 
of alkali metal hydroxides and speci?cally to sodium hy— 
droxide, although other preparations may be used. The 
only limitations in the selection of the base resides in 
the fact that the base should be composed of low thermal 
neutron cross-section elements and be stable under reactor 
conditions. 
The present invention will be further explained by 

the following illustrative but non-limiting examples. 
EXAMPLE I 

4000 grams of a solution of thorium nitrate in de 
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6 
ionized water containing 10% by weight equivalent 
thorium oxide was charged into a heated densi?cation 
vessel for use in the preparation of a thoria sol. This 
solution was circulated at a rate of approximately 150 
cc./min. through the cathode compartment of a cell di 
vided by an ion exchange membrane of Amberplex Al. 
The electrode compartments each had a capacity of ap 
proximately 150 ml. and each was equipped with a stirrer. 
Platinum electrodes were positioned on each side of the 
membrane a distance of about Vs" from the membrane. 
The temperature in the densi?cation vessel was main 

tained at 92-97° C. Thorium nitrate solution was with~ 
drawn from the vessel at the rate of about 150 cc./min. 
through a cooled heat exchanger and pumped into the 
above described cell. The temperature of the incoming 
solution was controlled to maintain a cell temperature 
of about 25—32° C. The solution leaving the cell was 
passed into a heat exchanger where it was heated to 
92—97° C. and then returned to a densi?cation vessel. 
Evaporation losses were minimized by equipping the cell 
with a condenser and by periodically adding deionized 
water to take care of unavoidable losses. 

Circulation of the solution was continued over a total 
period of 29 hours and l(] minutes with overnight inter 
ruptions during which period the temperature was main 
tained at 70° C. During electrolysis, the amperage 
dropped from about 10 to a value of 1.5 and the pH rose 
from a value of about 2 to about 6.7. The sol had a 
density of 1.074 g./cc., viscosity of 1.00, conductivity of 
9.63X10-4 mhos./cm. and contained 8.05 weight percent 
thoria. The drop in ThOz concentration for the ?nished 
sol over the initial solution was brought about by the 
addition of excess water in compensating for evaporation 
losses. Electron micrographs, shadowed and unshadowed, 
revealed spherical, well-de?ned particles having a weight 
median diameter of 55 millimicrons. Electrophoresis 
studies revealed that the sol was positively charged. 
Sedimentation studies with the ultracentrifuge gave three 
sedimentation constants at 20° C.: 

1.65X10"9, 0.38 X 10-9, and 0.21 X10-9 

seconds. Using the sedimentation constants, Stokes 
Equation for centrifugal ?elds, and the electron micro 
graph distribution count data, the micelle density was 
estimated to be 71-1 g./ml. 

This example illustrates a process for the preparation 
of the thoria sols of our invention. 

EXAMPLE II 

The thoria sols prepared in accordance with the pro 
cedure set out in Example I were clad with silica. For 
simplicity in the present disclosure, these thoria sols are 
referred to as “parent sols,” after the addition of silica 
as “daughter sols" and after autoclaving as “grand-daugh 
ter sols." 

Several liters of silica sol were prepared by passing 
a nominal 2% SiO, sodium silicate solution through an 
acid-regenerated ion exchange resin. The ?nal sol con 
tained 1.99% SiO2, no soda, and had a pH of 3.30. Two 
liters of this freshly prepared silica sol were mixed rapid‘ 
ly and with vigorous agitation into two liters of the thoria 
sol described above, which had been further deionized 
by passing it through an anion exchange resin. After 
this, an additional two liters of the silica sol were added 
somewhat more slowly to yield a ?nal sol having a pH of 
about 3.5. 412 cc. of 1.0 N sodium hydroxide were add 
ed to bring the pH of the mixed sol to 10.0 and the entire 
system was re?uxed at 100° C. for 24 hours, at which 
time the pH was 9.95. The re?uxed sol was then passed 
through a mixed cation-anion deionizing resin, which 
gave a product sol having a pH of 3.66. 50 cc. 
of 1.0 N sodium hydroxide were added to the mixed 
sols to raise the pH to 8.0. The dilute sol. was used to 
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prepare three samples of concentrated sols containing 
38.4%, 41.4% and 46.7% solids by evaporation of wa 
ter. These sols were then autoclaved at 250° C. for 
various periods of time in order to determine their hydro 
thermal stability. Results of these tests together with 
some of the physical characteristics of the sols are given 
in Table I. 

TABLE I 

S25 Designation 

Percent Th0! (by x-ray spectroscopy)__ . 
Density at 25° C. (g.finl.) _____________ _. 1.445 

1I11_____ 117s _____ _. 
1.10 _______________ -_ 

pH ___________________________ _. .. 

Viscosity prior to autoclaving _________ __ 
Viscosity after autoclaving 18 hrs. at 

250° C. 
Speci?c conductivity (mhos/cmXllH). 8.83“... 9.62 _____ __ 
Hydrothermal stability at 250° C. 673 hrs__ 608hrs.1._. 593 hrs. 

Stable for at least. 

\ S01 S30 was tested at 300° C. and found to be stable for at least 63 hours. 

EXAMPLE III 

To demonstrate the effect of size of the thoria particles 
on stability three cladded sols were prepared from three 
parent thoria sols of different particle size. These parent 
sols were prepared by electrodialyzing thorium nitrate 
solutions of nominally 5 and 10% thoria at predetermined 
elevated temperatures, the higher temperatures being used 
to give larger particle sizes. 
The sols were cladded by mixing with the relatively 

dilute thoria sols a predetermined quantity of a freshly 
prepared (by ion exchange) silica sol at a concentration 
of about 27% silica. The silica sol in dilute form had a 
pH of 3.0 while the thoria sols had pH’s of 6.5, ‘6.7, and 
4.4. 

In each case the pH of the mixed sol was adjusted to 
10.0 by adding sufficient l N NaOH, after which the sols 
were boiled, deionized, adjusted to pH 8 with 1 N NaOH 
and concentrated. 
The stability of these sols was tested by autoclaving 

them at 250° C. for 63 hours, the end of whiich time 
they were cooled and visually examined for evidence of 
gelation. The one indicated to be questionable as to 
stability showed evidence of gelation. The one character 
ized as "stable” contained a few small lumps, which 
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EXAMPLE IV 

The poor hydrothermal stability of untreated thoria 
sols is demonstrated by the following example. 
A thoria sol of the parent type containing 30.2% T1102, 

having a pH of 4.88 and a relative viscosity of 1.12 was 
heated overnight in a Vycor tube. At some time during 
the 19 hour heating period, the sol lost its ?uidity and 
turned into a hydrogel. Direct observation of the tube 
was made the following morning. No viscosity measure 
ments were made since the sample would not ?ow. 

Another thoria sol sample, also of the parent type, but 
containing only 6.47% T1103 was heated overnight at 
250° C. in a Vycor tube. After 21 hours the autoclave was 
opened and the sample examined. The solids in the sam 
ple had at some point during the treatment separated and 
had settled to the bottom of the tube. The supernatant 
liquid showed no turbidity. 

EXAMPLE V 

......s.. A 

Other cladding agents for thoria sols prepared in ac 
cordance with the process of this invention include zir 
conia, titania and other similar materials. 
The effectiveness of the zirconia coating on these par 

ticles was demonstrated in a run in which a thoria sol 
containing 4.7% T1102, 0.21% NOr ion, 0.002% Nazo 
and having a pH of 4.8 was coated with zirconia. In this 
run a total of 200 ml. of this material consisting of dense, 
well-de?ned particles in the 15-35 millimicron range were 
placed in a vessel and heated to 80° C. A charge of 200 
ml. of a 0.5% zirconyl nitrate solution was added drop 
wise with vigorous stirring to the thoria sol at 80° C. 
over a period of 2 hours. After the addition was com 
plete, the entire system was concentrated to 145 ml. This 
concentrated sol was passed through a mixed bed of ion 
exchange resins. 
The thermal stability of the zirconia-clad thoria sol was 

demonstrated by heating the cladded so] in a Vycor tube 
at a temperature of 150° C. for 8 hours and at 150° C. 
for 72 hours. The parent thoria sol was treated in a 
similar manner. The relative stability of the zirconia 
clad sol and the unclad thoria sol is shown in Table III 
below. 

TAB LE III 

Composition After 8 hrs. at 150° C. 
Room temp. stability alter 

Alter 72 hrs. at 150° 0. several months 

4.6% Th0; ______________ -. Separation of solids, thick Separation of solids, rela 
viscosity. 

Separation of solids, clear 
supernatant alter shak tive viscosity >10. 
ing,q relative viscosity 
— 7 

5.7% ThOq, 27% ZrOa.-.. No separation, water-like No separation relative No separation, relative 
viscosity. viscosity = 1.13. viscosity = 1.13. 

5.7% ThOg, .53% ZrOz ....... ._do ................... ._ No separation, relative Do. 
viscosity=1.14. 

were redispersed by mild agitation. "the one character 
ized as “very stable” exhibited no evidence of gelation 
and had a viscosity of 1.21. The following table shows, 
for each thoria sol, the particle size, composition and 
stability. The two “stable” sols were heated further for 
more than 200 hours with no signs of instability. 

TABLE II 

Percent Percent Th0: to 
Parent weight solids 'I‘hOa SiO; wt. 
median diameter $0.570 11% ratio Stability 

50 mp. _. 29 20 2.2/1 Questionable. 
55 111p. _ . 47 32 2. l /1 Stable. 
77 111p. -_ 45 81 2. 2/1 Very stable. 

0n the basis of these tests, it is seen that within the 
colloidal size range the weight median diameter should 
be above 50 my. to insure the desired thermal stability in 
the concentrated sol. The particle sizes were determined 
by direct measnremennt from electron micrographs of 
known magni?cation. 

60 

65 
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Although the zirconia sol coating is possibly not as 
desirable as the silica coating as far as imparting hydro 
thermal stability is concerned, these data indicate that 
de?nite improvement in hydrothermal stability results 
from the cladding of the thoria sol with zirconia. 

EXAMPLE VI 

The effect of higher densi?cation temperature on par 
ticle size was studied in a run in which the temperature 
in the densi?cation vessel was increased to 110° C. 

In this run a total of 3750 grams of a 5% thoria solu 
tion was charged to the heated densi?cation vessel. The 
run was completed using the technique and conditions set 
out in detail in Example I except that the temperature in 
the densi?cation vessel was maintained at 110° C. and 
the pressure at 10 p.s.i.g. during the period of the run. 
A comparison of the particle size range obtained in this 
run with the particle size range obtained when the run 
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was carried out at 92 to 97° C. is shown in Table IV 
below. 

TABLE IV 

Wt. Relative 
Temperature of Size median light 
densi?cation range diameter scatter 
vessel in Th(NO3)-i charge in mm. in run ing 

92-97___ _. L750 g., 5% 'I‘l10;_._._ 5-40 26 17 
92-07-. 3,750 g., 10% ThOg___. 5-50 36 49 
110 _____________ ._ 3,750 g., 5% ’l‘hOg_..__ 5-00 43 7l 

Examination of the data shows that increasing the tem 
perature of the densi?cation vessel produces a sol with a 
slightly increased particle size. 

EXAMPLE VII 

The poor stability of thoria sols of the parent type in 
the presence of certain ions is demonstrated by the fol 
lowing example. 
To portions of deionized thoria sol containing 4.62% 

Th0; the following solutions were gradually added: 

(a) Dilute NaOH 
(1)) Dilute NH4OH 
(C) Dilute H2804 
(d) ‘Dilute H3PO4 
(e) Tap water (pH 8.0) 
(f) Dilute HCl 
(g) Dilute I-INOB 

In cases a-e, the addition resulted in precipitation of 
hydrous thoria. Addition of HCl and NHOQ did not pro 
duce any noticeable change in stability. 

EXAMPLE VIII 

The disposition of silica on the thoria micelles in the 
cladding operation is evidenced by the following data 
obtained on the parent thoria sol of Example I and on the 
resulting silica-clad (daughter) sample also of Example I. 

(A) The parent thoria sol was studied by electropho 
retic techniques which showed that the micelles carried 
a positive electrical charge. 
A similar study of the daughter sample showed that 

the micelles carried a negative electrical charge. 
(B) The parent sample, after treatment with silica sol, 

was in contrast with the behavior of the untreated parent 
sol, stable even at pH’s as high as 10. 

(C) The particle size of the daughter sample as pie 
tured in electron micrographs, was de?nitely larger than 
that of the parent thoria sol sample. 
The following table gives the results of the counts made 

at stated particle diameters. 
TABLE V 

Wt. percent of 
particles of sol 

Wt. percent of 
particles 01' sol 

Dia. oi‘ particles D (mp) A less than D B less than D 

4. 5 2.8 
14. S 6. 9 
20. 6 I5. 2 
37. 9 26. 9 
50. 0 ________________ _. 

50. 2 33. 6 
84. 6 38. 2 
90. 3 44. 8 
100 57. 8 
I00 75. 2 
100 87.0 
100 96. 0 
100 97. 4 
100 99. 9 

‘EXAMPLE IX 

The increase in size of the particles as a result of the 
silica sol treatment is indicative of silica build-up on the 
original thoria micelles. This fact was veri?ed by study 
ing the daughter samples with the aid of the electron 
microscope using techniques directed towards contrasting 
areas of dilferent electron opacity. The micrographs 
obtained clearly showed spherical particles consisting of 
a very opaque spherical core surrounded by a less opaque 
layer or halo. 
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Ultracentrifuge experiments with the daughter sample 

yielded three sedimentation constants: 1.67X10-9, 
.43><l0—g and .30><l0—9 seconds. Using the sedimenta 
tion constants, Stokes Equation for centrifugal ?elds and 
the electron micrograph distribution count data, micelle 
densities of the unautoclaved sol were estimated to be 
4.5:.8 gm./cc. This compares with a density of 7i] 
grn./cc. for the thoria particles. 
The amorphous character of the thoria in both the par 

ent and daughter samples was demonstrated by drying 
portions of each under vacuum at ambient temperature 
and using the residues obtained for X-ray diffraction 
studies. In no case was crystallinity observed. 
Upon hydrothermally treating the silica-clad sample by 

heating for 18 hours at 250° C. under non-evaporative 
conditions, several changes were observed in the resulting 
sol. 

(l) The particle size of the micelles increased from the 
weight median of 72 Inn to a value of 116 mp. This was 
no doubt due to the accretion of small independent silica 
particles on the silica-clad thoria micelles. 

(2) The layer of silica or halo became more clearly 
de?ned in contrast electron micrographs. 

(3) The amorphous thoria particles became partly crys 
talline ThO2. This was established by X-ray diffraction 
studies of the residue obtained by drying under vacuum 
at ambient temperature the autoclaved silica-clad thoria 
sol. The X-ray diffraction pattern obtained was that of 
thorianite (anhydrous ThOz). 

(4) No changes were observed in the sign of the elec 
trical charge carried by the micelles. 

EXAMPLE X 

To demonstrate the necessity for rapid mixing of the 
thoria and silica sols, 40 cc. of 0.96% Si02 sol prepared 
by ion exchange were added slowly and with constant 
stirring to 100 cc. of 4.7% Th02 sol prepared by electro 
dialysis as described in Example I and having a pH of 4.0. 
The thoria precipitated before all of the silica sol was 
added and addition of the remainder of the silica sol did 
not redisperse the thoria. 

In a second test using the same quantities and kinds 
of starting sols, the silica was added rapidly into the thoria 
so] with agitation. There was no evidence of precipitate 
formation. The resulting mixed sol was stable on stand 
ing and the thoria particles carried by negative electrical 
charge. 

EXAMPLE XI 

A sample of our cladded thoria sol was placed in a 
reactor where it was exposed to a ?ux of 23x10“ neu 
trons/cm.2 sec. and at a temperature of 200° C. After 
exposure for 300 hours, the thoria sol exhibited no change 
in viscosity, indicating stability to neutrons under the con 
ditions obtained in a nuclear reactor. 

Obviously many modi?cations and variations of the 
invention as hereinabove set forth may be made without 
departing from the essence and scope thereof and only 
such limitations should be applied as are indicated in the 
appended claims. 
What is claimed is: 
1. The method of preparing a hydrothermally stable 

metal oxide clad sol of a hydrous oxide selected from 
the group consisting of thoria, urania, plutonia and mix 
tures thereof comprising the steps of slowly adding a 
solution of a soluble salt of a monobasic acid of a metal 
selected from the group consisting of zirconium and tita 
nium to an aqueous dispersion of the hydrous oxide at a 
concentration of 5 to 10%, concentrating the resulting 
product, passing the product through a mixed bed ion 
exchange resin to remove ions and recovering the metal 
oxide clad sol. 

2. The method of preparing a hydrothermally stable, 
zirconia-clad sol of a hydrous oxide selected from the 
group consisting of thoria, urania, plutonia and mixtures 
thereof comprising the steps of slowly adding a zirconium 
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salt of a monobasic acid solution to an aqueous dispersion 
of the hydrous oxide at a concentration of 5 to 10%, con 
centrating the resulting product, passing the product 
through a mixed bed ion exchange resin to remove the 
negative ions and recovering the zirconia-clad sol. 

3. The method of preparing a hydrothermally stable 
zirconia-clad thoria sol comprising the steps of slowly 
adding zirconyl nitrate solution to an aqueous dispersion 
of thoria at a concentration of 5 to 10%, concentrating 
the resulting product, passing the product through a mixed 
bed ion exchange resin to remove nitrate ions and recover 
ing the zirconia-clad sol. 

41. The method of preparing a hydrothermally stable 
zirconia-clad urania sol comprising the steps of slowly 
adding zirconyl nitrate solution to an aqueous dispersion 
of urania at a concentration of 5 to 10%, concentrating 
the resulting product, passing the product through a mixed 
bed ion exchange resin to remove nitrate ions and recov 
ering the zirconia~clad sol. 

5. The method of preparing a hydrothermally stable 
zirconia-clad plutonita sol comprising the steps of slowly 
adding zirconyl nitrate solution to an aqueous dispersion 
of plutonia at a concentration of 5 to 10%, concentrating 
the resulting product. passing the product through a mixed 
bed ion exchange resin to remove nitrate ions and recov 
ering the zirconia-clad sol. 

6. A process for preparing a thoria sol which com 
prises preparing an aqueous solution of thorium salts se 
lected from the group consisting of the nitrate, the chlo 
ride and the perchlorate, withdrawing a portion of said 
solution, electro-dialyzing in the presence of an anion 
permeable membrane, said portion to remove anions and 
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returning said portion to a larger body of solution and 
continuing said withdrawal electro-dialysis and addition 
back until said body of solution is essentially free of 
electrolytes and recovering the product thoria sol. 
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