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(71) We, UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, Lon-
don, a British Authority, do hereby declare 
the invention, for which we pray that a patent 

5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement:— 

The present invention relates to the prepara-
tion of dispersions and more particularly to 

0 the preparation of dispersions of cerium com-
pounds. 

Our British Patent No. 1342893 discloses 
and claims inter alia: 

"A process for use in the manufacture of 
5 ceria from cerium IV hydroxide comprising 

forming the cerium IV hydroxide into a slurry 
with water and nitric acid; heating the slurry 
for such a time and at such a temperature 
that the pH reaches a steady value, the 

0 quantity of nitric acid in the slurry being 
such that the steady value of pH is below 
5.4 thereby to produce a conditioned slurry 
and drying such conditioned slurry to give a 
dry gel powder." 

;5 We have now found that acid treatment 
of cerium IV hydroxide can be used to give 
aqueous dispersions of ceria or hydrated ceria 
which find application in a number of tech-
nical fields (e.g. in the preparation of dense 

10 ceria coatings for use in catalysis and protec-
tive coatings, for example, for metals and 
alloys). 

Thus, according to the present invention 
there is provided a process for the prepara-

15 tion of an aqueous dispersion of ceria which 
comprises forming a slurry of cerium IV 
hydroxide with water and an acid, the acid 
being capable of causing deaggregation of 
aggregated crystallites in the cerium IV 

10 hydroxide, heating the slurry for such a time 
that the pH reaches a steady value, the 
quantity of acid in the slurry being such that 
the said steady value of pH is below 5.4, 
thereby to produce a conditioned slurry and 

15 admixing water with the conditioned slurry 
to produce an aqueous dispersion of ceria. 

It will be understood that the ceria in the 
aqueous dispersion will, in general, not be 

cerium oxide as such, but will be a hydrated 
form thereof. 50 

Of the common inorganic acids we believe 
that nitric acid is the most suitable for use in 
accordance with the present invention. Thus, 
as disclosed in B.P. No. 1342893, hydrochloric 
acid would react with the cerium IV species 55 
present to give chlorine. Other acids such as 
hydrofluoric acid react with cerium IV to give 
insoluble compounds and sulphuric acid in 
excess of that required to dissolve entrained 
rare earths other than ceria dissolves a large 60 
proportion of the ceria and gives no significant 
effect on the degree of aggregation of crystal-
lites. 

It is believed that some organic acids (e.g. 
trichloracetic) can be used in accordance with 65 
the present invention providing that they are 
capable of reaching the required pH value, 
are capable of causing deaggregation of crystal-
lites, and do not form complexes with cerium 
and other rare earth species in the slurry. 70 

It is believed that it is the hydrogen (or 
hydroxonium) ions of the acid which is im-
portant in achieving deaggregation and there-
fore the choice of acid will generally be based 
upon selecting an acid whose associated anion 75 
(e.g. NO3 - in the case of HNC3) does not 
cause adverse effects (e.g. pntn. of insoluble 
compounds in the case of HF). 

The degree of deaggregation of the cerium 
IV hydroxide and hence the degree of aggre- 80 
gation of crystallites in the aqueous disper-
sion of ceria depends upon the extent of treat-
ment with the acid. Thus in general the lower 
the final steady value of the pH after treating 
with acid, the greater the deaggregation of 85 
crystallites. Thus, it will be appreciated that 
the particles in the aqueous dispersions, being 
aggregates of crystallites, will, in general, be 
smaller the lower the steady value of the pH 
of the conditioned slurry prior to admixing 90 
with water. 

Thus, the present invention provides for a 
range of dispersions, ranging from at one 
extreme, dispersions having relatively large 
particles (produced from conditioned slurries 95 
of pH near to 5.4) through intermediate dis-



1,603,794 2 

persions (which may be colloidal dispersions 
with some larger aggregates of crystallites) 
to, at the other extreme, stable colloidal dis-
persions (sols) (produced from conditioned 

5 slurries having low pH values as hereinafter 
disclosed). 

The stable colloidal dispersions contain 
particles which are small in comparison with 
the particles of the starting cerium IV 

10 hydroxide. The particles in the stable disper-
sions are obtained by subjecting the cerium 
IV hydroxide to the appropriate degree of 
acicd treatment in accordance with the inven-
tion to achieve the required degree of de-

15 aggregation. 
The starting cerium IV hydroxide, typically 

can consist of insoluble particles of up to 
^2000A (not colloidal dimensions) in 
diameter. The acid treatment to give a con-

20 ditioned slurry of low pH can achieve, for 
example, a 10 to 20-fold reduction in this 
size to give individual crystallites and small 
aggregates of crystallites of say '—100A 
(colloidal dimensions). 

25 To achieve the stable aqueous ceria dis-
persions we prefer that the amount of acid 
used is such that the steady value of pH in 
the conditioned slurry is <2.8. We have 
found that colloidal dispersions produced 

30 from conditioned slurries of pH<1.5 are 
particularly stable and can be conveniently 
used, for example, in the formation of dense 
ceria (e.g. as coatings). 

A conditioned slurry produced in accor-
35 dance with the present invention can be termed 

a "dispersible conditioned slurry" in as much 
as it can be dispersed with water to form a 
dispersion. 

The conditioned slurry as produced by 
40 heating to a steady pH value in accordance 

with the invention may be allowed to settle 
and any supernate removed prior to the admix-
ture with water. We have observed that ions 
in the supernate can assist in formation of 

45 the settled slurry by flocculation. 
The cerium IV hydroxide may contain 

"acid consuming" impurities (e.g. other rare 
earth hydroxides) and the amount of acid 
required to achieve a given steady value of 

50 pH may vary according to the purity of the 
starting cerium IV hydroxide. This is dis-
cussed in our B.P. No. 1342893. 

The time required for heating depends on 
the temperature of heating, and this is also 

55 discussed in B.P. No. 1342893. 
We have found that certain cerium IV 

hydroxides are not easily susceptible to de-
aggregation in accordance with the present 
invention. However, it is simple to test this 

60 by trial. 
We believe that a starting cerium IV 

hydroxide which has a significant content 
(e.g. ~40%) of cerium III species and/or 
which is composed of large (5 to 10 ,«m) 

glassy fragments is not particularly suited to 65 
treatment in accordance with the present 
invention. In some circumstances, therefore, it 
may be necessary to reduce the concentration 
of cerium III species and/or breakdown the 
large glassy fragments prior to treatment with 70 
acid in accordance with the present invention. 

On the other hand, a starting cerium IV 
hydroxide of >99% purity having a "cauli-
flower-like" structure free of glassy fragments 
(as shown by Scanning Electron Microscopy) 75 
is readily deaggregated in accordance with 
the present invention (e.g. by HN03). 

Furthermore, to facilitate deaggregation as 
hereinbefore disclosed we believe that it is 
preferable that the starting cerium IV gQ 
hydroxide should not have been heated to 
cause any substantial irreversible loss of water 
(e.g. heating to >100°C) prior to treatment 
in accordance with the present invention. For 
example we have found that a starting cerium 85 
IV hydroxide having 25% by weight water 
can be deaggregated in accordance with the 
present invention whereas some samples with 
10%, by weight water content were not easily 
amenable to deaggregation. 90 

Also we believe that the time and tempera-
ture and humidity of any prior heat treat-
ment of the starting cerium IV hydroxide 
may effect the susceptibility of the cerium TV 
hydroxide to deaggregation in accordance with 95 
the present invention. 

Anions associated with H+ or H*0+ of the 
acid can be deleterious to the stability of dis-
persions in accordance with the invention and 
thus we prefer to use the least acid consistent 100 
with achieving the desired deaggregation._ 

An example of production of a colloidal 
dispersion in accordance with the present 
invention is disclosed in our published U.K. 
Application No. 2023453A which discloses 105 
inter alia, that the conditioned slurry specific-
ally mentioned in Example 3 at page 4, line 
50, of B.P. No. 1342893 may be diluted with 
water to give a sol. 

Cerium IV hydroxide for treatment in 110 
accordance with the present invention can be 
obtained commercially or, alternatively, can 
be obtained by any suitable route. For example 
it can be prepared from readily available 
cerium salts, (e.g. of "reagent grade"). The 115 
preparation may be by precipitation from a 
cerium salt. 

Thus, for example, high purity cerous car-
bonate can be dissolved in aqueous nitric or 
hydrochloric acid to give a neutral solution 120 
and then oxidised with NH4 0H/H 2 0 2 to 
give cerium IV hydroxide. 

By way of further example cerium IV 
hydroxide for treatment in accordance with 
the present invention may be prepared by 125 
the conventional routes disclosed at page 1, 
lines 40 to 61 of B.P. No. 1342893). 

Washing of the precipitated cerium IV 
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hydroxide can be effected as disclosed in B.P. 
No. 1342893. 

If the starting cerium IV hydroxide con-
tains an unacceptable level of sorbed ions 

5 (.eg. N03~) which could be deleterious to 
formation of the aqueous dispersion it can be 
deionised by use of up to 1M hydroxide (e.g. 
NaOH or NH,OH) solutions followed by 
washing to remove alkali cation contamina-

10 tion. 
According to another aspect the present 

invention provides an aqueous dispersion of 
ceria prepared by a process in accordance 
with the invention. 

15 The invention will now be described, by 
way of example only, as follows: 

Example 1. 
Preparation of cerium IV hydroxide 

from cerium carbonate. 
20 Cerium carbonate (50 g; 99.9% purity) 

containing 69.3 w/o Ce02 was slurried with 
0.1 litre of distilled water and dissolved by 
adding HNO, (38.4 ml; 16 M). The result-
ing neutral solution was boiled for a few 

25 minutes, filtered to remove traces of insoluble 
matter, and diluted to 1 litre with water to 
give a cerous chloride solution. 

A mixture comprising NaH, OH (40 ml; 
18M), H202 (20 ml; "100 volume") and 

30 water (160 ml) was added with stirring to 
the cerous chloride solution prepared and 
maintained at 75 °C. 

The resulting insoluble, dark brown cerium 
IV peroxide complex rapidly faded in colour 

35 and after the complete addition of the H202 / 
NHjOH mixture there was obtained a creamy-
white precipitate of cerium IV hydroxide and 
a clear supernate of pH 7.0. 

The precipitate was centrifuged and washed 
40 twice by stirring with successive 1 litre volumes 

of distilled water. 
The final wash showed evidence of peptiza-

tion and only traces of CI- ions could be 
detected in die supernate. 

45 Example 2. 
Preparation of an aqueous dispersion 

of ceria. 
The separated precipitate of Example 1 

was stirred with distilled water (750 ml) and 
50 nitric acid (12.5 ml of 16M) to give HNOs/ 

Ce02 mole ratio of 1.0. 
The resulting slurry was boiled for 15 

minutes to deaggregate the cerium IV 
hydroxide and give a conditioned slurry. 

55 The pH of the conditioned slurry was <1. 
After cooling the slurry was centrifuged and 

the residue admixed with distilled water (150 
ml) to give a semi-transparent greenish 

colloidal dispersion (sol). 

Example 3. 60 
Preparation of an aqueous dispersion 

of ceria. 
In this Example a cerium IV hydroxide 

(ex Rhone-Poulenc) of 98% purity was used. 
The major impurities were La203) Pr203 and 65 
Nd203. 

A sample of this cerium IV hydroxide 
(100 g) was formed into a slurry with dis-
tilled water (150 ml) to give a slurry 2.46M 
in oxide. The slurry was heated at 80°C for 70 
1 hour with nitric acid (HN03/Ce02 mole 
ratio of 0.27) to give a conditioned slurry, the 
steady pH value of which was <1. The settled 
conditioned slurry dispersed readily on admix-' 
ture with water to give a stable sol (NOs/ 75 
Ce02 = 0.29) containing 450 g/1 oxide. 

Example 4. 
Preparation of an aqueous dispersion 

of ceria. 
A conditioned slurry was prepared as in 80 

Example 3 of B.P. No. 1342893. A sample of 
the slurry, which was creamy and free from 
lumps, was not spray dried as in B.P. No. 
1342893, but was admixed with water to form 
a stable collodal dispersion. 85 

Example 5. 
Preparation of an aqueous dispersion 

of ceria, 
3.5 kg of cerium IV hydroxide (99.5% 

purity) ex Rhone-Poulenc (2.48 kg oxide, 90 
0.210 kg NOs"~) were mixed with 7 1 of 
demineralised water and 0.58 1 of 8M nitric 
acid (total slurry volume 9.6 I) and the stirred 
slurry heated to 80° over a period of 2 h and 
maintained at 80—85° for 1 hr. The pH 95 
reached at equilibrium was <1. The slurry 
(HNO,/Ce02:0.32) was allowed to cool over-
night (16 h). The supernate was syphoned 
off (6.76 1) and analysed for acidity (0.28M), 
nitrate (0.5M) and oxide content (8.0 g/1). 100 
A sufficient volume of water (2.5 1) was 
added to the settled conditioned slurry residue 
in order to give a non-chalking colloidal dis-
persion (sol) and the new total volume 
measured (5.35 1). The sol was then analysed 105 
for density (1.42 g/cc), oxide content (462 
g/1), nitrate (0.8M:N03/Ce02 = 0.29). 

Examples 6 to 11. 
The procedure of Example 5 was repeated 

a number of times with varying HN03:Ce02 JJO 
ratios. The results are presented in Table I. 
_ All Examples gave stable aqueous disper-

sions. 
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Example No. 6 7 8 9 10 11 

Oxide in slurry 0.89 M 1.5 M 1.68 M 2.40 M 3.1 M 2.39 

Nitric acid in slurry 0.86 M 0.49 M 0.39 M 0.41 M 0.44 M 0.40 

HN03Ce02 mole ratio 
in slurry 0.97 0.33 0.23 0.17 0.14 0.17 

H+ in supernate - 0.28 M 0.14 M 0.06 M 0.006 M 0.04 M 

pH conditioned slurry - 0.56 0.86 1.4 2.2 1.4 

Sol concentration 
(Maximum attainable) 321 g/1 462 g/1 550 g/1 578 g/1 430 g/1 580 g/1 

NOj/CeOj in sol 0.27 0.29 0.24 0.27 0.27 - . 

WHAT WE CLAIM IS:— 
1. A process for the preparation of an 

aqueous dispersion of ceria which comprises 
5 forming a slurry of cerium IV hydroxide with 

water and an acid, the acid being capable of 
causing deaggregation of aggregated crystal-
lites in the cerium IV hydroxide, heating the 
slurry for such a time and at such a tempera-

10 ture that the pH reaches a steady value, the 
quantity of acid in the slurry being such that 
the said steady value of pH is below 5.4, 
thereby to produce a conditioned slurry, and 
admixing water with the conditioned slurry 

15 to produce an aqueous dispersion of ceria. 
2. A process as claimed in claim 1 wherein 

the acid is nitric acid. 
3. A process as claimed in claim 1 wherein 

the acid is an organic acid. 
20 4. A process as claimed in any one of 

claims 1 to 3 wherein the quantity of acid is 
such that the steady value of pH reached after 
heating is less than 2.8. 

5. A process as claimed in claim 4 wherein 
the steady value of pH is less than 1.5. 25 

6. A process as claimed in any one of 
claims 1 to 5 wherein the conditioned slurry 
is allowed to settle and any supernate removed 
prior to the admixing with water. 

7. A process as claimed in any one of 30 
claims 1 to 6 wherein the cerium IV hydroxide 
is prepared for use in the process by precipi-
tation from a cerium salt. 

8. A process as chimed m claim 7 wherein 
the cerium IV hydroxide is prepared by dis- 35 
solving a cerous salt in an acid to give a 
neutral solution and oxidising to give cerium 
IV hydroxide. 

9. A process as claimed in claim 8 wherein 
the cerous salt is cerous carbonate. 40 

10. A process as claimed in claim 9 wherein 
the acid is aqueous nitric or hydrochloric acid. 

11. A process as claimed in any one of 
claims 8 to 10 wherein the oxidising is effected 
with hydrogen peroxide. 45 
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12. A process as claimed in claim 11 

wherein the hydrogen peroxide is mixed with 
ammonium hydroxide. 

13. A process as claimed in any one of 
5 the preceding claims wherein prior to forming 

the slurry the cerium IV hydroxide is deion-
ised by use of a hydroxide solution. 

14. A process as claimed in claim 13 
wherein the cerium IV hydroxide is washed 

10 to remove alkali cation concentration after 
deionising. 

15. A process as claimed in claim 1 for 
the preparation of an aqueous dispersion of 
ceria wherein the conditioned slurry disclosed 

15 in Example 3 of British Patent No. 1342893 
is diluted with water to give the aqueous dis-
persion of ceria. 

16. A process for the preparation of an 
aqueous dispersion of ceria substantially as 

hereinbefore described with reference to any 20 
one of the Examples 2 to 11. 

17. A process for the preparation of an 
aqueous dispersion of ceria from cerium IV 
hydroxide wherein the cerium IV hydroxide 
is prepared for use in the process by a process 25 
substantially as hereinbefore described with 
reference to Example 1. 

18. An aqueous dispersion of ceria when-
ever prepared by a process as claimed in any 
one of claims 1 to 17. 30 

19. An aqueous dispersion of ceria sub-
stantially as hereinbefore described with refer-
ence to any one of Examples 2 to 11. 

M. J. LOFTING, 
Chartered Patent Agent. 

Agent for the Applicants. 
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