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[ 5 7 ] ABSTRACT 

Control over physical characteristics of product ceria 
is provided by a new process in the manufacture of 
ceria from cerium IV hydroxide. A slurry of the cerium 
IV hydroxide in water is treated with nitric acid and 
heated until the pH, which is controlled to be ulti-
mately less than 5.4, reaches a steady value. The slurry 
thus conditioned is dried to give a dry gel powder. 
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PRODUCTION OF CERIA washed. Washing should preferably be continued until 
the final wash water has a specific conductivity of not 
greater than 5 x 103 firnhos and a pH value between 7 

The present invention relates to the production of ce- and 8.5. As is conventional in the art, hot washing may 
rium oxide, otherwise known as ceria. 5 be effected at a temperature of approximately 90° C 

It is known that ceria has many uses, for example it but the final precipitate ought not to be dried if the 
is a glass polishing medium, and it is also used as a filler present invention is to be carried into effect, 
for arc carbons in order to increase the luminous inten- After the cerium IV hydroxide has been prepared 
sity of the arc. Other uses for ceria are as a high tem- and washed as above described, it is then mixed with a 
perature refractory material. For some of these pur- 10 controlled amount of nitric acid and water and formed 
poses it is desirable to have the ceria as dense as possi- into a slurry. On adding the nitric acid, the pH drops 
ble, the theoretical density being 7.3 gm per cc, but for rapidly to between 1.5 and 0.5 and then rises slowly as 
other purposes a less dense product is required. How- heating is continued. The heating should be continued 
ever, what is quite clear is that under all circumstances until the pH is stable and below 5.4. For polishing pow-
it is extremely desirable to be able to control the final 15 ders it is important that this stable level of pH should 
density of the fired oxide. Heretofore, ceria has been not be below 3.8 and preferably lies betwen 4.4 and 
made by the calcination of water-insoluble cerium oxa- 3.8. For high density ceria or ceria sols the stable level 
late or by the calcination of water-insoluble cerium IV of pH reached should preferably be below 1.5. 
hydroxide, the temperatures which are used being high The time required for the heating step naturally de-
enough to ensure decomposition to ceria. This calcina- 20 pends on the temperature. We prefer to use a tempera-
tion step has heretofore given little control over the ture in excess of 90° C and 100° C is convenient. At this 
product oxide with respect to its density, shape or crys- temperture a heating time in excess of 15 minutes is 
tallite size. probably desirable and we use 1 hour for safety. Thus 

The most usual starting material for the production we prefer that the acid slurry is maintained at a temper-
of ceria is cerium IV hydroxide or cerium IV hydrate 25 ature in the region of 100° C for a time of at least 1 
which is sometimes also called "hydrated cerium diox- hour to give the "conditioned slurry," the most conve-
ide" and which is in point of fact probably a mixture of nient process step being to boil the slurry for this length 
these two compounds. of time. The proportion of nitric acid used in this boil-

One conventional production route involves taking ing stage controls the final product and this is true even 
cerium III chloride solution (usually containing other ^0 though the nitric acid that remains after the boiling 
rare earth chlorides) and oxidising it with chlorine gas stage is removed, as will be described hereinafter. The 
to effect the precipitation of the insoluble cerium IV amount of nitric acid that has to be added depends on 
hydroxide. At the same time a separation step is carried the final pH value required and also on the proportion 
out, since other rare earth compounds remain in solu- of rare earth oxides (other than ceria) in the cerium IV 
tion as the trivalent chlorides. The precipitated cerium hydroxide. 
IV hydroxide is then washed with water until substan- It is desirable to allow the conditioned slurry to cool 
tially freed from soluble salts (e.g. sodium chloride). and settle when a "settled conditioned slurry" can be 
The precipitate is then given a final wash with alkali, separated from the supernatant liquor by decantation, 
preferably ammonium hydroxide, to fix any remaining pumping or the like. 
rare earth salts, other than ceria, as hydroxides, and the 4 0 Table I shows the relationship between ratio of nitric 
cerium IV hydrate is then filtered off. The cerium IV acid to ceria, initial pH and final pH. 
hydroxide is then calcined to the oxide at about 1,000° 
C. If it is required in a more pure form, the cerium IV ___ T A B L E I 
hydroxide can be dissolved in hydrochloric acid and ce- initial slurry Settled conditioned slurry Tap density 
rium III oxalate can be precipitated with oxalic acid 4 5 HNo3/oxide 
and this oxalate then calcined to the oxide. (mole ratio) pH 

It is a prime object of the present invention to pro- Nil 8.2 
vide a process for the production of ceria which ena-
bles control to be exercised over the final product. It 
will be appreciated that density depends to a great ex-
tent on crystallite size, particle size and other factors, 
all of which therefore are controlled at least to a sec- In Table I, the first column shows the proportion of 
ondary degree by the process of the present invention. nitric acid to oxide (about 90 percent cerium oxide, 

„ . .„ rest rare earth oxides) by moles and is based on an SUMMARY OF THE INVENTION 55 a n a | y s i s o f t h e a c t u a l 0 / i d e c o n t e n t . I n m a n y c a s e g 

According to the present invention, there is provided there will be a variable amount of other rare earth ox-
a process for the manufacture of ceria from cerium IV ides so that it is not safe to rely on adding a fixed pro-
hydroxide comprising forming the cerium IV hydroxide portion of nitric acid in the absence of an analysis or a 
into a slurry with water and nitric acid; heating the 6 Q pH measurement. The nitric acid does not effect disso-
slurry for such a time and at such a temperature that lution of the cerium IV hydroxide, but alters the physi-
the pH reaches a steady value, the quantity of nitric cal characteristics of the slurry to a marked extent as 
acid being such that the said steady value of pH is can be seen from columns 3,4 and 5 of Table I. Further 
below 5.4, thereby to produce a conditioned slurry, and evidence of the control upon the physical characteris-
drying such conditioned slurry to give a dry gel powder. 6 5 tics of the slurry by the nitric acid employed in accor-

Thus in more detail, in the process of the present in- dance with the invention has been shown by electron 
vention, cerium IV hydroxide is precipitated as above micrographic analysis. This evidence is discussed in 
described (page 2, line 25 to page 3, line 10) and then more detail hereinafter. 

0. 25 1.5 
0.32 1.3 
0.53 1.0 

50 1-0 — - 0.5 

Density, Concn., Gel, Oxide, 
pH g./ec. g./l. g./ce. g./cc 

8.2 1.18 203 l.OO 1.15 
5.4 1.23 290 1.05 1.30 
3.8 1.33 375 1.20 1.50 
1.6 1.38 420 1.80 2.80 
0.9 1.48 526 2.00 3 .10 
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After settling for 24 hours the figures shown in the 
table for the "settled conditioned slurry" are obtained 
and it will be observed that the mixture separates into 
a slurry and supernatant liquor and the slurry has an in-
creasing density with increasing nitric acid concentra-
tion and also, as might be expected, an increasing con-
centration of ceria. When the nitrate to ceria molar 
ratio is greater than 1:1, there is an excessive dissolu-
tion of the cerium into the supernate as a trivalent com-
pound and this leads to an excessive loss of cerium so 
that in practice equimolar represents the maximum 
useful proportion of nitric acid if separation from rare 
earths other than ceria is to be effected. This superna-
tant liquor contains some of the rare earth oxides other 
than cerium which are present in the initial raw mate-
rial. If the hydrate which is used as the starting material 
contains approximately 10 percent by weight of rare 
earth oxides other than ceria, the settled phase in the 
conditioned slurry obtained after the boiling with nitric 
acid as above described contains normally less than 5 
percent of these other rare earth oxides. 

The slurry which is obtained after the boiling stage 
may be dried at a convenient temperature such as 105° 
C to give a dry gel powder and as will be seen from col-
umn 6 of Table I the density of this gel powder varies 
in a marked way in dependence upon the nitric acid 
concentration during the boiling stage. In fact we pre-
fer to use spray drying of the slurry as the best way of 
converting the slurry into a dry powder and to effect 
this in a conventional stainless steel spray dryer under 
such conditions that the outlet temperature is about 
105° C. The temperature, it should be explained, is not 
critical. Preferably the drying conditions are such that 
the gel powder contains 83-90 percent oxide as deter-
mined by weight loss on calcination. 

The gel powder is then conventionally fired at a tem-
perature which is conveniently 950° C and the final col-
umn in Table I shows the final densities obtained. It 
should be explained that the above densities are ob-
tained after tapping for a specified number of times in 
a graduated tube using a fine (5-25 /j.m) starting pow-
der. 

It is to be emphasised that the present invention de-
pends critically upon the use of nitric acid and that 
other common acids are not suitable for use. Thus hy-
drochloric acid would react with the cerium IV species 
present to give chlorine. Other acids such as hydroflu-
oric acid react with the cerium IV to give insoluble 
compounds and finally sulphuric acid in excess of that 
required to dissolve the entrained rare earths other 
than ceria dissolves a large proportion of the ceria and 
gives no effect on the final densification. 

Neither the settled slurry nor the gel powder is solu-
ble in water to any marked extent. However, the pro-
cess of the invention is based on the discovery that the 
heating with nitric acid modifies the physical character-
istics of the product, and this process of modification 
can be carried further. Thus if the settled slurry is 
treated with more nitric acid and heated and then evap-
orated to dryness, the product is a further gel of higher 
density. This gel is dispersible in water to give a semi-
transparent sol, but not in nitric acid which coagulates 
the sol. If therefore this gel is dispersed in water and the 
concentration is such that the nitrate ion content is suf-
ficient to cause coagulation, essentially the whole of 
the ceria is precipitated but other rare earths remain in 
solution. This precipitate may be removed and dried to 
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give a transparent gel, which contains less nitrate ions 
than the higher density gel. 

The trasparent gel is soluble in water and the above 
described steps may possibly be repeated on it. How-

5 ever, for practical purposes the transparent gel is solu-
ble to give a sol which can be dried to go back to the 
transparent gel ad infinitum. 

The sol can be suspended in an inert organic phase 
and water extracted from it to give spheres of the trans-

10 parent gel or nitric acid can be extracted to give 
spheres of a nitric acid-deficient gel which is insoluble 
in water. 

All of the gels can be calcined to ceria. 
It will be appreciated that the difference between the 

15 gels is the nitric acid content. It is possible to go di-
rectly from the conditioned slurry to a higher density 
gel by ensuring that there is sufficient nitric acid pres-
ent during the preparation of the conditioned slurry 
and then drying this conditioned slurry without effect-

20 ing removal of the supernate. This form of higher den-
sity gel will, of course, contain more rare earths than 
that prepared by separate steps. It also follows that 
since there is no separation effected on the conditioned 
slurry, it is possible to use more nitric acid than equi-

2 5 molar. 
The extents of the modification or control of physical 

characteristics of the product by the controlled nitric 
acid treatment have not been fully evaluated. However, 
the control upon density is apparent from the above 

30 discussion and it is observed that good quality polishing 
powders may be produced from the product gels, pro-
vided the addition of nitric acid is so controlled during 
the process that the steady pH value reached after heat 
treatment is not less than 3.8 and preferably lies be-

3 5 tween 4.4 and 3.8. 
Electron micrographs have been made of typical ex-

amples of the transparent gel and also of a sample of 
"unconditioned" cerium IV hydroxide slurry — that is 
a slurry in water of cerium IV hydroxide prior to the ni-
trie acid treatment. 

Examination by electron microscopy showed the 
transparent gel to consist of particles approximately 
100 A in diameter whereas cerium IV hydroxide before 
treatment with nitric acid consisted of particles about 
1000 A in diameter. X-ray examination indicated both 
the transparent gel and unconditioned ceria hydrate 
had an average crystallite size of approximately 100 A. 
Thus the treatment with nitric acid breaks down aggre-
gation of the crystallites to a very significant extent. 

When the dried ceria hydrates are calcined, crystal-
lite growth occurs and it is believed that the crystallite 
size distribution in the calcined ceria is important in de-
termining the glass polishing properties. Thus the con-

5 5 trol of the physical properties before the calcination 
step are particularly important. This illustrates the 
value in one aspect of the process of the present inven-
tion. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
6 0 Several examples embodying the present invention 

will now be described. 

EXAMPLE 1 

6 5 A paste of washed cerium IV hydroxide was diluted 
with water to give 253 1 of a thin slurry (pH 8.2) con-
taining 18.45 kg of oxide (including 1.84 kg of rare 
earth oxides other than ceria). To this stirred slurry 
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2.02 1 of 16M nitric acid were added to give a ni-
trate/oxide mOle ratio of 0.30:1 and pH value 1.3 and 
the whole mass heated to 100° C and held at that tem-
perature for 1 hour. The Slurry then had a pH value of 
3.8 and was allowed to cool and settle for 24 hours and 
a clear supernate (165 1) was removed; this supernate 
had a pH of 3.8 and contained 0.85 kg of rare earth ox-
ides free from ceria. A creamy, limpid "conditioned" 
slurry (471 1) free from lumpy material (unlike the 
original untreated slurry) was left in the tank. The 
conditioned slurry was found to contain 375 g/1 of 
oxide and had a density of 1.33 g/cc. This slurry was 
spray dried in a stream of hot air in a spray drier at 
105° C exit temperature to give a particulate dry gel 
powder in the size range 5 - 2 5 /am. The gel has a tap 
density of 1.20 g/cc and contained 88.5 percent oxide. 
This gel was calcined in air at 950° C to an oxide 
with a tap density of 1.50 g/cc which had good glass 
polishing properties. 

EXAMPLE 2 
The procedure of Example 1 was repeated with 

varying amounts of nitric acid, with the results set 
out in Table II. 

T A B L E I I 

ness in a tray at 105°C. 1.35 kg of a shiny material were 
obtained which contained 82.5 percent oxide, 14.5 per-
cent nitrate (NG3/oxide mole ratio = 0.48). This gel 
was crushed to a fine powder and dispersed in 6 1 of hot 

5 water. When the concentration reached a limiting 
value, a precipitate formed containing essentially all 
the ceria and this was separated by centrifuging. The 
supernatant liquor contained 58.5 g of rare earth oxide 
(free from ceria) and 86.5 g of nitrate. The residue was 

10 evaporated at 105° C to yield hard transparent gel 
((0,98 kg) which contained 89.5 percent oxide and 7.9 
percent nitrate (N03/oxide mole ratio = 0.24). This 
transparent gel III would disperse in water to give a 
semitransparent sol containing 500 g/1 of oxide and 

15 could be reversibly evaporated and dispersed. When 
calcined, this gel decomposed to give large glassy frag-
ments of ceria. 

20 EXAMPLE 5 
An alternative route for the production of a higher 

density gel is also possible. Thus 105 ml of the washed 
cerium IV hydroxide slurry (containing 51 g of oxide) 
were mixed with 10 ml of 16M nitric acid to give a ni-

Weight of 
oxides, kg. 

'•1611 
nitric 
acid, 
litres 

Nitrate/ 
oxide, 

mole 
ratio 

Initial 
pl-l 

Final 
P H 

Slurry 
density 

Gel 
density 

Oxide 
density 

24 . ' . . . -" . - . . . : •2.18 0.25 1.5 5.4 1.23 1.05 1.30 
0.25 - . . : . 0 .03 0.33 1.3 . 4 .2 1.25 1.10 1.45 
0.25 0.05 0.53 1 .0 1.6 1.38 1.80 2.80 

In these experiments the nitrate/oxide mole ratio was 
estimated by the oxide content of the feed solution. For 
the large scale run distilled water was not used and a 
proportion of nitric acid was used in reaction with the 
water. Control was effected by monitoring the final pH. 

EXAMPLE 3 

A paste of washed cerium hydroxide was diluted with 
water to give 249 1 of a thin slurry (pH 8.2) and con-
taining 25.8 kg of oxide (including 2.60 kg of rare earth 
oxides other than ceria). This slurry was mixed with 9.0 
1 of 16M nitric acid to give a nitrate/ceria mole ratio of 
0.98:1.0 and initial pH of 0.5 and the whole mass 
stirred and held at 100° C for 1 hour. The slurry was al-
lowed to cool and settle for 24 hours. A pale yellow su-
pernate (150 1) was then removed; this supernate had 
a pH of 0.9 and contained 2.16 kg of rare earth oxides 
including 0.51 kg of ceria. The conditioned slurry (45 
1) which was creamy and free from lumps had a density 
Of 1.48 g/cc and contained 526 g/1 of oxide. After spray 
drying at 103°C exit temperature to particulate matter 
in a size range of 5-25 ju.m, this gel had a tap density 
of 2.0 and contained 83.9 percent oxide. When cal-
cined in air at 750° C it yielded an oxide with a tap den-
sity of 3.1 g/cc. 

The excellent flow properties of this oxide powder 
were used to facilitate the flame spraying (using a 
plasma gun) of stainless steel plates with a coating of 
ceria. The high density of the product enabled artefacts 
of high "green", i.e., unfired, density to be formed. 

EXAMPLE 4 

A fraction (1.8 1 containing 0.94 kg of oxide) of the 
conditioned slurry obtained in Example 3 was mixed 
with 93.5 ml of 16M nitric acid and evaporated to dry-

trie to oxide mole ratio of 0.54. The mixture was stirred 
35 for 5 minutes and became quite viscous. It was then 

heated by being placed in an oven held at 120° C and 
remained there for 16 hours until dry. 

The product was a glassy, reddish-brown material 
with a distinct glitter. The gel was crushed to between 

40 63 (im and 400 ^m and found to have a tap density of 
2.5. After calcination at 750° C, the tap density was 3.6 
and the mercury density 5.6. 

EXAMPLE 6 

4 5 An alternative route for the production of the sol is 
to take the dry gel powder obtained after spray drying. 
A dispersion of this dry gel powder was treated by boil-
ing with a small amount of 16M nitric acid, e.g. 83 ml 
per kg; a precipitate was formed which was separated 

50 from the supernatant liquid (containing rare earths) 
and the precipitate was dried to give a hard transparent 
gel similar to the transparent gel obtained in Example 
4 and which was soluble in water to give a sol. 

5 5 

60 

6 5 

EXAMPLE 7 
The concentrated sols produced by Examples 4 and 

6 were dispersed in immiscible organic solvents such as 
carbon tetrachloride or 1.1.1 trichloroethane and then 
converted to spherical "gel" particles in a range of sizes 
from 25 fim to 2500 fim diameter by known tech-
niques. This conversion can be effected by withdrawing 
water using a solvent such as 2-ethyl hexanol to give a 
gel which is essentially the same as the transparent gel 
above described, being soluble in water. Alternatively 
the conversion can be effected by withdrawing nitric 
acid using an amine or neutralising with ammonia gas 
to produce gel spheres which are nitric acid-deficient 
and insoluble in water. 
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Table III shows the effect on density of calcining par-
ticles of transparent gel (200-400 jim) in air. 

T A B L E I I I 

D e n s i t y 
In mer-

Calc inat ion tempera- curv . 
ture, ° C. g./cc. 

22 4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

105 
4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

200 

4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

400 . 

4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

600 

4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

800 

4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 1,000 

4 .06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

4.06 
4.25 
4. 56 
4 .80 
5 .05 
o. 45 
5. SO 

The sol has considerable potential for preparing mix-
tures by adding other components as sols or solutions 
and also as "binders" for preparing artefacts. 

The spherical particles present the ceria in an ideal 
form for catalytic uses where attrition should be kept 
to a minimum. 

EXAMPLE 8 
In order to demonstrate the marked effect of the ni-

tric acid treatment, the washed cerium IV hydrate 
slurry of pH 8.2 of Example 1 was spray dried under 
identical conditions to those used for spray drying the 
conditioned slurry. The product was a very light fluffy 
powder which was difficult to handle or pass through 
a 63 fim sieve even after calcining and which was infe-
rior as a polishing powder. 

EXAMPLE 9 
In order to demonstrate the effect of nitric acid con-

centration on performance as polishing powders, sam-
ples of calcined ceria from Examples I , 2, 3, 4 and 8 
were subjected to standard glass polishing tests by mea-
suring the time required to polish a lens blank to a 
given standard and also by measuring the scratches 
produced on a polished lens. The "quality" of the pol-
ishing slurry and the handling properties of the powder 
were also assessed. For comparison a standard glass 
polishing ceria powder "Cerirouge 90," manufactured 
by Thorium Ltd., was also used. The results are shown 
in Table IV. 

10 

1 5 

can also be varied by varying the concentration of the 
slurry fed to the spray dryer. Thus samples of the condi-
tioned slurry from Example 2 (known to give good pol-
ishing performance) were concentrated by allowing to 
stand for 2 weeks and aliquots diluted with water to 
give a range of concentrations. The slurries were then 
spray dried under standard conditions (inlet 250° C, 
outlet 105° C), the gels tested for density and the cal-
cined for 1 hour at 1,000° C. Table V summarises the 
results. 

TABLE V 
S l u r r y % o x i d e 
c o n c e n t r a t i o n D e n s i t y T . D . G e l T . D . O x i d e in gel 
g/1 g / c c 

in gel 

6 4 4 1 .63 1 .17 1 . 6 6 8 9 . 5 
5 2 6 1 .49 1 .09 1 .65 8 9 . 4 
3 5 1 1 .32 1 .10 1 . 4 8 8 8 . 9 
2 6 0 1 .23 1 .05 1 . 4 3 8 8 . 0 

20 

2 5 

3 0 

3 5 

4 0 

I claim: 

1. A process for use in the manufacture of ceria from 
cerium IV hydroxide comprising heating a slurry of ce-
rium IV hydroxide and water in the presence of nitric 
acid until the pH reaches a steady state value below 
5.4, thereby to produce a conditioned slurry, and dry-
ing said conditioned slurry to give a dry gel powder. 

2. A process as claimed in claim 1, wherein the ce-
rium IV hydroxide is prepared for use in the process by 
precipitation from a solution of a cerium salt, and 
washing until the final wash water has a specific con-
ductivity of not greater than 5 X 103 /xmhos and a pH 
value between 7 and 8.5. 

3. A process as claimed in claim 1, wherein the nitric 
acid is in a quantity for the steady value of pH reached 
after heating to be not less than 3.8. 

4. A process as claimed in claim 1, wherein the nitric 
acid is in a quantity for the steady value of pH reached 
after heating to lie between 3.8 and 4.4. 

5. A process as claimed in claim 1, wherein the nitric 
acid is in a quantity for the steady value of pH reached 
after heating to be less than 1.5. 

6. A process as claimed in claim 1, wherein heating 
of the slurry is carried out in the region of I00°C for at 
least 1 hour. 

T A B L E IV 

P r o d u c t 

p H of 
condi - P o w d e r 
t ioned handl ing 
slurry propert ies 

Po l i sh ing test of— 

4 mil l . 

Scratch 
test , 

scratches Q u a l i t y 

Cerirouge 9 0 . 
E x a m p l e : 

4 ( transparent gel) -

(') Average Fairly g o o d . . . 40 Pass . 

8 . 2 Very d i f f i cu l t . . Fa ir ly good Oood. 
5 .4 D i f f i cu l t Fair ly g o o d . . . Good 0 V e r y good. 
4 .2 Good do do 0 D o . 
3 . 8 do do do 0 D o . 
1.6 Very good Orange peel N o t clear J u s t failed. 
0.11 Excel lent Glazed finish Fai led. 

do B u r n m a r k s Fair ly good J u s t passed. 

> U n c o n d i t i o n e d slurry', no nitric ac id treatment . 

This table demonstrates the superiority of some of 
the products of this invention to either "Cerirouge 90" 
or that of Example 8 and also shows the preferred 
range of nitric acid addition. 

EXAMPLE 10 
Example 9 demonstrates the preferred range of pH to 

give good polishing powders and, as explained above, 
this range normally corresponds to a range of densities 
of the final product. However, final product densities 

7. A process as claimed in claim 1, wherein, prior to 
drying, the conditioned slurry is allowed to settle and 
is separated from the supernatant liquor. 

8. A process as claimed in claim 1, wherein the quan-
tity of nitric acid lies in the range 0.25 to 1.00 mole of 
nitric acid per mole of cerium IV hydroxide. 

9. A process as claimed in claim 1, wherein the dry 
gel powder is treated with more nitric acid, heated and 
evaporated to dryness to give a gel product. 

10. A process as claimed in claim 9, wherein said gel 
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product is dispersed in water, the nitric acid concentra-
tion is adjusted to cause coagulation, the supernatant 
liquor is removed, and the coagulated material dried to 
give a transparent gel. 

11. A process as claimed in claim 10, wherein said 
transparent gel is dispersed in water to form a sol, the 
sol is suspended in an organic phase and water ex-
tracted from the suspended sol to produce spheres. 

12. A process as claimed in claim 10, wherein said 

>1,571 
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transparent gel is dispersed in water to form a sol, and 
nitric acid is extracted from the sol to produce as a pre-
cipitate an acid-deficient gel. 

13. A process as claimed in claim 12, wherein prior 
5 to extraction of nitric acid, the sol is suspended in an 

organic phase, whereby, upon extraction of nitric acid, 
spheres are produced. 

14. A process as claimed in claim 1 wherein the dry 
gel powder is calcined to give ceria. 
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