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1. A composition suitable for use in the manufacture of a

ceramic matarial which comprises particulate zirconia coated with a
hydrous oxide of titanium and/or aluminium and with at least one

hydrots oxide of yttrium, calcium, magnesium, strontium or cerium.

20. A method fox tlig manufacture of a composition suitable
for use in the manufacture of a ceramic material which
comprises mixing particulate zircenia in the form of an
agqueous dispersion with a water solub e hydrolysable salt of
titanium and/or aluminium and precipitating a2 hydrous oxide of
titanium and/or aluminium on said particles and mixing also
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This inventicn relates to stabilised metallic oxides and

~particularly to those stabilised by coating with a hydrous metal

oxide.

Zirconium oxide s used in the hanufacture of ceramic
materials and during such manufactere‘the oxide is heated during
which the crystal form of the oxide changes from the normal foom
temperature monoclinic habit to tetragonal eand cubic forms
depending on the temperature to which the eoxide is heated;
Under normal condftions only ﬁhe monoclinic form of pure
zirconia is stable at room temperature ‘and‘ unless steps are
taken to stabi]ise‘the‘tetragonai ok cubic forms fheee revert to
the monoé]inic form on cooling.

The presence of af least some of these high temperature
tetragonal and‘cub1c‘crysta1 habits is more desired in ceramics
and steps Have been taken in the past to improve the stability
of these chysfa]Wine forms at foom temperature. Such steps have
inc]uded mixing the zirconia with a stabilising agent which
becemes incorporated in the zirconia on heating the doped oxide
and exerts a stabilising influence on the crystal rformed when it
is cooled to room temperature.

Such stahilised or partially stabilised cbmpositfons have

been formed from zirconia by mixing the bulk zirconia powder

with a stabilising agent such as yttrium oxide powder and

subjecting the mix to calcination and grinding to form the

appropriately sized stabilised ceramic material. Alternatively

ot
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a mixture of zirconia and yttrium oxide has been formed by co-
precipitating hydrous zirconia and hydrous yttria from aqueous
solution to form intimate co-mixed hydrous oxides which are then
calcined prior to grinding to obtain the mixed oxide ceramic
composition. These methods of manufacture of stabilised
compositions are very energy intensive in requiring calcination
and grinding and in addition can lead to excessive crystal
growth and/or reduced purity of the resultant powder.

It has been recognised that it would be desirable if
stabilised zirconia.could he obtained by an alternative method
in which these hitherto disadvantages were to be substantially
lessened.

According to the psesent invention a composition suitable
for use 1in the manufacture of a ceramic material comprises
particulate zirco='u« coated with a hydrous oxide of titanium
and/or of aluminium and with at 1least one hydrous oxide of
yttrium, calcium, magnesium, strontium or cerium.

The coated zirconia according to the present invention
transforms to stabilised zirconia upon firing to form the
ceramic body.

Depending on the method of production of the product the
hydrous oxide of titanium and/or of aluminium may be present as
a discrete inner layer of the hyarous titania and/or hydrous
alumina surrounded by an outer layer or coating of the other
hydrous oxide or hydrous oxides or alternatively the product may

comprise the particulate zirconia in which the particles are

R i ="
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coated with a layer of mixed hydrous titania and/or hydrous
alumina and the other hydrous oxide or oxides as specified.

Particularly useful products  comprise particulate
zirconia having a size such that the majority of the particles
have a diameter of 1less than or equal to 0.5 microns and
preferably less than 0.2 microns.

The amount of the hydrous oxide of yttrium, calcium,
magnesium, strontium, or cerium employed as a coating depends on
two factors. Firstly the actual amount employed depends on the
particular metal oxide deposited. The amount also depends on the
degree of stability that it is desired should be imparted to the
fired zirconia.

It will ba clear from reading this specification that
partial stabilisation of the zirconia is desirable in certain
circumstances as is full stabilisation i.e. stabilising the
product to the highest extent possible. Generally speaking for a
partially stabilised product the amount of the hydrous oxide
present as coating will be less than that required for a fully
stabilised product. A particularly = desirable degree of
stabilisation corresponds to a body in which the predominant
phase of zirconia is tetragonal. Such a product has been termed
tetragonal zirconia polycrystals (TZP).

For a partially stabilised particulate zirconia it has
been found useful that the amount of hydrous oxide of yttrium
which is present is from 1 to 7 mole percent expressed as Y504

on moles of zirconia. Most preferably for a partially stabilised
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product the amounf of hydrous oxide of yttrium is from 1.5 to 5
mole % Yo04 based on moles of Zircom‘a. Wh.en the hydrous metal
oxide is a hydrous oxide of calcium, magnesium or strontium then
for a partially stabﬂised product it is desired that the amount
of oxide is,'gerieraﬂy.speaking,_ from 4 to 14 mole % as oxide
4 to 14 mole % as oxide based on moles of zirconia. Preferably
for a paf‘tiaHy stabilised product the amount of the hydrous
oxide ¢f calcium, maghesium or strontium is from 6 to 12 mole %

as oxide on moles of zirconia. When the hydrous metal oxide is

~a hydrous oxide of cerium then for a partially stabilised

product it is desired that the amount of the hydrous oxide is,
genefaﬂy speaking, from 2 to éle %, expf‘esséd as Ce0p based
on moles of zirconia. Preferably for a partially stabilised
product the amount of the hydrous oxide_ of cerium is from 6 to-.
12 mole % expressed as Ce0, on moles .z1' rconia. _

In order that the treated product should be as fully
stabilised as possible with respect to its 'cry'stal. structure
then it is desired that the émou‘nt of hydrous oxide of yttrium
is frem 5 to 10 mole %, preferably 6 to 9 mole % as Y,05 based
on moles of'zircon.ia. Similarly to prodljce a fully stabilised
treated zirconia the amount of hydrous oxide of calcium,
magnesium or strontium is from 8 .t0'?.5 mole % and preferably
from 12 to 20 mole % as oxide on moles of zirconia. Where a
hydrous oxide of cerium is to be used to produce a fully
stabilised ..zircom'a 'the' ambunt of hydrous oxide of cerium is

greater than 14 mole % and preferably greater than 18 mole %
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expressed as CeOp on moles of zirconia.

Naturally it is possible to deposit two or more different
metal oxides selected from those of yttrium, calcium, magnesium,
strontium or cerium, in addition to the hydrous titania and/or
hydrous alumina, and in this case the aggregate amount deposited
need not necessarily exceed the amount for an individual hydrous
metal oxide.

The amount of hydrous oxide of titanium and/or aluminium
deposited either as a discrete free coating or together with the
other hydrous metal oxide, generally speaking, is from 0.2 to 15
mole %, preferably 0.3 to 5% and most preferably from 0.5 to 2
mole % expressed as Ti0, or Al,03 on moles of zirconia. In the
case where both hydrous titania and hydrous alumina are present
the amount is usually from 0.2 to 5 mole % and preferably from
0.5 to 2 mole % expressed as TiOp and A1,03 on moles of zirconia.

In ~accordance with the invention the particulate
zirconium oxide used to form the basis of the material to be
used as a ceramic is preferably formed by the vapour phase
oxidation/hydrolysis of a vapourised zirconium compound. Typical
zirconium compounds which can be oxidised or hydrolysed in the
vapour state are the zirconium halides, particularly, zirconium
tetrachloride and zirconium alkoxides. This is usually carried
out by mixing the zirconium compound with an excess of heated
oxygen or water vapour under such conditions that oxidation or
hydrolysis of the zirconium tetrachloride takes place and the

desired sized zirconia is obtained directly on cooling and
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separating from the gas stream. A preferred method of heating
oxygen to react with the zirconium tetrachloride is to pass the
the oxygen through an electric arc between two electrodes
supplied with electrical power at an appropriate voltage and
amperage which commonly generates a so-called electrical plasma.
This form of manufacture of the particulate zirconia has an
advantage in that the product is obtained in the oxide form
directly and that the oxidation process can be controlled so
that the particle size of the product is as near to the crystal
size as it is possible to obtain without extensive grinding of
the product being required before treatment with the coatings.

The product of the invention is obtained by treating the
particulate zirconia in such a manner that the various hydrous
oxides are deposited as coatings on the surface of the particles
of zirconia. Preferably the coating operation is carried out as
a wet treatment process in which, initially, the zirconium oxide
particles are dispersed in water. It has been found that tiiis
dispersion can be effected directly by mixing the particles of
zirconia with water without there being any requirement for a
dispersing agent. This is advisable because it avoids any
unnecessary contamination of the product with constituents of
the dispersing agent. Generally speaking zircoaium oxide
obtained from the vapour phase oxidation of the zirconium halide
is highly acidic when mixed with water and depending on the
exact form of the particles of zirronia can produce a dispersion

pH of the order of 1 clearly indicating the highly acidic
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As described the dispersion of the zirconia particles in
water is effected normally by stirring with water and in an
amount such that the obtained dispersion contains zirconia in a
concentration of up to 400 gpl. Usually the amount of zirconia
i¢ not less than 50 gpl zirconia and a convenient concentration
to employ in practice is 200 gpl of zirconia. It is, however,
possible to improve the degree of dispersion by milling in, for
example, a sand mil1l if desired.

To the aqueous dispersion of the particulate zirconia
there is added a water soluble hydrolysable salt of titanium
and/or aluminium in an amount sufficient to introduce on
hydrolysis the required amount of hydrous oxide as coating.
Typical water soluble salts which can be used are titanyl
sulphate, titanyl aluminium sulphate, aluminium sulphate and
aluminium nitrate. Precipitation of the hydrous oxide on the
particles of zirconium oxide is effected by raising the pH of
the solution to a value sufficiently alkaline to deposit the
hydrous oxide and this treatment to increase the pH to deposit
the hydrous oxide may be carried out, if desired, prior to the
addition of any other water soluble compound which is to be
used to deposit the other ore or more hydrous oxides specified.
However it is preferred to defer depositing the hydrous titanium
and/or hydrous alumina coating on the zirconium oxide particles
until after the other hydrolysable metal compounds have been

mixed with the aqueous dispersion but it {s preferred that the
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source of hydrous tw‘tan.ia énd/or‘ hydrous alumina should be mixed
with the aqueous dispersion of the zirconium oxide particles
prior to mixing therewith with these other hydrolysable metal
compounds. | |

As indicated after mixing of the water soluble hydrolys-

able compound of . titanium and/or aluminium with the aqueous

- dispersion of particulate zirconium oxide there is added to the

aqueous -dispersioh a water soluble hydrolysable compound of
y_ttmfum, calcium, magnesium, strontium, or cerium or any two or
more of such compounds in an appropriate amount to introduce
the required level of hydrous oxide of the particular specified
metal. Typical hydrolysable compounds of yttrium which may b_e
used are yttrium chloride, yttrium nitrate and yttrium s.'ulphate.

Typical water soluble salts of the other metals which can be

employed depend on the particular metal but include the

chlorides, nitrates, some sulphates and acetates.  Another

source of yttrium which can be used is prepared by dissolving
yttrium oxide in an appropriate a_ci.d and using the soiution
without separation. -

Although any suitable means of mixirg the aqueous
dispersion of zirconia pa.fticles' with the hydrolysable metal
compounds may be employed ét different temperatures it is
preferred that the _coatir'.g. process be carried out at a
temperaturs of from 10°C to 70°C

After mixing o-iF the various reagents with the aqueous

dispersion of zirconium oxide the pH of the dispersion is raised

RN
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to a value sufficient to precipitate the respective hvdrous
oxide coatings. The actual level to which the pH must be raised

depends on the particular hydrous oxide to be deposited and for

instance when the oxide is a hydrous oxide of yttrium then it is
'sufficient to raise the pH of the aqueous dispersion to a value

‘within the range 7 to 9 to effect the precipitation of hydrous

oxide from the hydrolysable metal compouhd. where the hydrous
meta1.oxide to be precipitated is calcium, magneéium or strontium
then it has heen found that an appropriate pH to effect thié is
within the range 8 to 12. Where the hydrous metal oxide to be
precipitated is cerium, then it has been found that an
abpropriate pH to effect this is within the range 2 toi9.

The neutra]isation .and increase in pH of the acidic
aqueous dispersion preferab]y.is carried odt by the addition of
an appropriate alkali to the aqueous disbersion. It is most
convenient if the alkali is ammonium hydroxide since this does
not introduce any objectiqnab]e hetél]ic ions intQ the solution
and wéste ammonia' can be driven. off by heating. For the
deposition of hydrous oxides of titanium and/or aluminium the
addition of ammonium hydrbxide is eminently suitable and also can
be used if hydrous yttrium or éerium oxide is deposited at about
a pH of 9 or below. However where other hydrous metal oxides are
being deposited then stronger alkali is necessary and usually an
alkaline metal hydroxide is required such as sodium hydroxide or

potassium hydroxide. However when such alkaline metal hydroxides

are'used it is necessary to wash the product adequately to remove
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any contaminating alkali méta] ions. Normally the product
obtained should not contain an alkali metal impurity level
greater than 0.01% expressed as M0.

After deposition of the hydrous oxide coating the product
is separated by filtering, washing as nece$safy énd drying, If
required the dried product may be ground to remove any aggrega-
tion that has occurred during processiné. |

The powdered product is eminently suitable for use in the
manufacture of shaped ceramic bodies by firing.

The product‘in'ha91n§ the stabilising agent present as a
coating provides a well disfributed and intimate mixture of the
agent and on firing good incorporation of the agent through the
zirconia 1is achie?ed.

In order that the coated z{rconium compound is most useful

in the preparation of ceramic bodies it has been found that the

amQUht.of silica as impurity in the material should be less than
10.03% by weight Si0p by weight of Zr0, 1in the particulate
material.. o

| The invention s 1illustrated in the following Examples.

: Exampl el

Zirconium oxide particles of approximately 0.1 microns in
diameter prepared by the vapour phzsi oxidation of zirconium
tetrachloride were dispersed in water at a concentration of 100
gpl. As a result of the reaction of residual Zr-Cl groups with

water the dispersion obtained had a pH value less than 1.
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The dispersion was heated to 50°C and an aqueous solution
of titanyl sulphate (containing the equivalent of 35 gpl Ti0))
was added to the dispersion in an amount sufficient to introduce
hydrous titania in an amount of 1% w/w as Ti0p on solids. To the
dispersion obtained there was then added an aqueous solution of
vttrium chloride (containing the equivalent of 186 gpl Y203) in
an amount sufficient to introduce 5.6% w/w Yp03 on solids. The
pH was raised with ammonium hydroxide solution 10% w/w to a value
of 8.0 over a period of 45 minutes and the dispersion was then
stirred for a further 30 minutes at a temperature of 50°C. The
slurry was able to be filtered in a relatively short time and the
filter cake washed, dried and milled for 18 hours in a ball mill
in jsopropyl alcohol at a concentration of 300 gpl using
cylindrical zirconia grinding medium haying a size of 1 cm x 1 cm.
The grinding medium was removed by sieving and the alcohol

evaporated on a water bath,

Analysis of the product showed the presence of the

equivalent of 5.3 % w/w Yp03 and 0.8% w/w of T{0p in the form of
the hydrous oxides as coating on the particles. High magnification
electron micrographs were taken of the product and these show that
most of the hydrous oxide was present on the particles of
zirconium oxide as a coating with very 1ittle precipitated in the
bulk form between the particles.

The product was formed into a shaped ceramic body and
fired at a temperature of about 1450°C and after ccoling it was

found that the body remained intact. In the absence of such an




10

15

20

25

13
addition of yttrium oxide the ceramic body craz, ty during
cooling after firing.

The quality of the yttria/zirconia coated powder was
assessed by single ended die-pressing the powder at 30 MPa
(MegaPascals) into 15 discs of approximately 3 cm diameter, The
discs were fired at 1450°C,for 1 hour, or longer. The strength of
the unpolished discs (modulus of rupture) was measured by a three
point biaxial test from which a mean value of 993 MPa (standard
deviation of 15% was derived, The density of the discs was
measured by mercury densometry and a mean value of 5.95 g/cm3 was
obtained. This is 98% of the theoretical density.

Example 2

A sample of yttria coated zirconia powder was prepared in
a manner similar to that described in Example 1 except that an
aqueous solution of yttrium chloride (containing the equivalent
of 186 gpl Yp03) was added in an amount sufficient to introduce
4.7% w/w Y503 on solids.

Analysis of the product showed the presence of 4.5% w/w
Y503 and 0.8% w/w of Ti0p in the form of hydrous oxides as
coating on the particles.

The product was tested as in Example 1 and the discs had 4
strength (modulus of rupture) ¢f 1064 MPa (standard deviation of
13%).

Tne density of the discs was measured and found to be 5.91

g/cm3. This 1s 98% of the theoretical density.
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Example 3

A sample of yttria coated zirconia powder was prepared in
a manner similarly to that described in Example 1 but without the
coating of hydrous titania. Instead, the dispersion of zirconia
was heated to 50°C and an aqueous solution of aluminium sulphate
(containing the equivalent of 68 gpl Al,03) was added to the
dispersion in an amount sufficient to introduce hvdrous alumina
in an amount of 1% w/w as Alp03 on solids, An aqueous solution of
yttrium chloride was added and the coated zirconia was produced
as described in Example 1. The product was able to be filtered
in a relatively short time.

Analysts of the product showed the presence of 5.2% w/w

Y204 and 0.9% w/w Alp03 in the form of hydrous oxides as coating

on the particies.

The product was tested as in Example 1 and the discs had a

strength (modulus of rupture) of 953 MPa (standard deviation of

13%).

The density of the discs was measured and found to be 5.95
g/cm3, This is 98% of the theoretical density.
Exampie 4

A sample of yttria coated zirconia powdér was preparéd in
a manner similar to that described in Example 3 except that an
aqueous solution of yttrium chloride (contaihing‘thé equivalent
of 186 gpl Yy03) was added in an amount sufficient to introduce
4.7 % w/w Y903 on solids.

]
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Anglysis of the product showed the piresence of 4.5% w/w
Y503 and 0.9% w/w Al,03 in the form of hydrous oxides as coating
on- the particles.

The product was tested as in Exampls 1 and the discs had a

strength (modulus of rupture) of 1022 (standard deviation of 11%).

The density of the discs was measured and found to be 5.85
g/cm3. This is 97% of the theoretical density.
Example 5

Zirconium oxide particles of approximately 0.1 microns in
diameter prepared by the vapour phase oxidation of zirconium
tetrachloride were dispersed in water at a concentration of 150
gpl. As a result of the reaction of residual Zr-Cl groups with
water the dispersion obtained had a oM value of less than 1.

An aqueous solution of titanyl sulphate (containing the
equivalent of 71 gpl. Ti0p) was added to the dispersion in an
amount sufficient to introduce hydrous titania in an amount of 1%
W/W as T1‘02 on solids. To the dispersicn obtained there was then
added an aqueous solution of ceric ammonium nivrate (containing
the equivalent of 8.7 gpl CeOy) in an amount sufficient to
introduce 12.3% w/w CeQp on solids. The pH was -afsed with
ammonium hydroxide solution 10% w/w to a value of 8,0 over a
period of 45 minutes and the dispersion was then stirred for &
further 30 minutes at a temperature of 50°C. The slurry was able
to be filtered in a relatively short time and the filter cake
washed dried and milled for 18 hours in a ball mill in jsopropyl

alcohol at a concentration of 300 gpl using zirconia grinding
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medium having a size of 1 cm x 1 cm. The grinding mecium was
removed by sieving and the alcohol evaporated on a water bath.

The product was tested as in Example 1 and the discs had a
strength (modulus of rupture) of 812 MPa (standard deviation of
3%) .

The density of the discs was measured and found to be 6.01
g/cm3. This is 97% of theoretical density.

The foregoing data strongly suggested a tetragonal
product. This was confirmed by X Ray Diffraction Studies, which
showed the product to be 97.4% tetragonal. Examination by
Scanning Electron Microsopy of the sintered surface of the disc,
showed the mean grain size to be greater than 2 um. This was
remarkable because it had been hitherto understood that

tetragonal phase stabilization for zirconia, containing the

‘stated Jevel of ceria (or more up to 14 mol %), is only achieved

for sintered products having a mean grain size of, at most 2 um.
It is known that‘yttria stabilized zirconias containing added
titanfa, have enhanced strength, whilst - having a larger gfain
sfze; when compared to those containing yttria only. It is
thenéfofe believed thaf the remarkable stabilisation of ceria
stabilised zirconia, in this example, is due to the presence of
the coating titania. |

Example 6

A sample of ceria coated zirconia powder was prepared in a

manner similar to that described in Example 5 but without the

coating of hydrous titania. The product filtered slowly and‘was

e
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tested as described in Example 1. The discs gave a strength
(modulus of rupture) of 312 MPa and a standard deviation of 25%.
The density of the discs was measured and found to average 5.84
g/cm3 which was 94% of the theoretical value. Examination by
Scanning Electron Microscopy of the sintered surface of the disc
showed the mean grain size to be . greater than 2 um. X Ray
Diffraction Studies showed it to be 93.7% monoclinic. The
product, therefore, conformed to previous understandings. It is
clear that the presence of hydrous titania as a coating is
advantageous and in this example the omission of such it is
believed resulted in poorer distribution of the hydrous oxide of
cerium.
Example 7

A sample of yttria coated zirconia powder was prepared in
a manner similar to that described in Example 1 but without the
coating of hydrous titania. The product filtered very slowly and
was tested as described in Example 1 and the discs had a strength
(modulus of rupture) of 645 MPa. The density of the discs was
5.80 g/cm3 which was 95% of the theoretical value., It is clear
that the presence of hydrous titania as a coating is advantageous
and in this example the omission of such it is believed resulted
in poorer distribution of the hydrous oxide of yttrium.
Example 8

This is a description of a prior art process and

comparison with the product of Examples 1 and 2.

TN N AT IR o KRR
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Zirconium oxide particles (0.1 microns) were mixed with 5%
w/w of yttrium oxide and milled in a ball mill for 18 hours at a
concentration of 300 gpl in disopropyl alcohol with zirconia
grinding medium having a size of 1 cm x 1 cm. The grinding medium
was vemoved by sieving and isopropyl alcohol removed by heating
on & water-bath. As described in Example 1 pressed discs were
produced and strength tested giving a fired strength of 267 MPe
{standard deviation of 31%).

The density of the discs was measured by Mercury
Densometry and a mean value of 5.47 g/cm3 obtained. This was 90%
of the theoretical density.

The difference between the results of the measurements of
the products of Examples 1 to 6 and 7 and 8 is significant and
indicates that the product of the invention (Examples 1 and 2) is

superior to prior products.

@ ey
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THE CLAIMS DEFINING THE IMNVENTION ARE AS FOLLOWS:

1. A composition suitable for use in the manufacture of a
ceramic material which comprises particulate zirconia coated with a
hvdrous oxide of titanium and/or aluminium and with at least one
hydrous oxide of yttrium, calcium, magnesium, strontium or cerium.
2. A composition according to claim 1 in which the hydrous
oxide of titanium and/or aluminium is present as a discrete inner
coating laver.
3. A composition according to claim 1 in which the particulate
zirconia is coated with a layer of mixed hydrous oxides of titanium
and/or aluminium and at least one of the other hydrous oxides
specified.
4. A composition according to claim 1, 2 or 3 in which said
more than 5 0°/c
particulate zirconia has a size such that -the—majerity-[of the
particles have a diameter of less than or equal to 0.5 micron.
5. A composition according to claim 4 in which the diameter is
Jess than 0.2 micron.
6. A composition according to any one of the preceding claims
in which a hydrous oxide of yttrium is present in an amount of from
1.00 to 7.00 mole per cent expressed as Yo03 on moles of zirconia.
7. A composition according to claim 6 in which the amount of
yttrium is from 1.5 to 5 mole per cent Y,03.
8. A composition according to any one of claims 1 to 5 in which
a hydrous oxide of calcium, magnesium or strontium is present in an
amount. of from 4 to 14 mole per cent as oxide on moles of zirconia.
9. A composition according to claim 8 in which the amount is

from 6 to 12 mole per cent.
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10. A composition according to any one of claims 1 to 5 in which
a hydrous oxide of cerium is present in an amount of from 2 to 18
mole per cent Ce0, on moles of zircoria.

11. A composition according to claim 10 in which said amount is
from 6 to 12 mole per cent Ce05.

12. A composition according to any one of claims 1 to 5 in which
a hydrous oxide of yttrium is present in an amount of from 5 to 10
mole per cent as Y,03 on moles of zirconia.

13. A composition according to claim 12 in which said amcunt is
from 6 to 9 mole per cent.

14. A composition according to any one of clajms 1 to 5 in which
a hygrous oxide of calcium, magnesium or strontium is present in an
amount of from 8 to 25 mole per cent as oxide on moles of zirconia.
15. A composition according to claim 14 in which the amount is
from 12 to 20 moie per cent.

16. & composition accerding to any one of claims 1 to 5 in which
a hydrous oxide of cerium is present in an amount greater than 14
mole per cent as Ce0O, on moles of zirconia.

17. A composition according to claim 16 in which the amount is
greater than 18 mole per cent as Ce0p.

18. A composition according to any one of the preceding claims
in which a hydrous oxide of titanium and/or a hydrous oxide o
aluminium is present in an amount of from 0.2 to 15 mo'e per cent
erpressed ag

on|T10y and/or A1,03 on moles of zirconia.

19. A composition according to claim 18 in which the amount is

from 0.5 to 2 mole per cent.
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20. A method for the manufacture of a composition suitable
for use in the manufacture of a ceramic material which
comprises mixing particulate zirconia in the form of an
aqueous dispersion with a water soluble hydrolysable salt of
titanium and/or aluminium and precipitating a hydrous oxide of
titanium and/or aluminium on said particles and mixing also
therewith a hydrolysable salt of yttrium, calcium, magnesium,
strontium or cerium and changing the pH of the dispersion to
precipitate a hydrous oxide thereof on said particles of
zirconia.

21. 2 method according to claim 20 in which the hydrolysable
salt of titanium and/or aluminium is mixed with the aqueous
dispersion of zirconia and a hydrous oxide of titanium and/or
aluminium precipitated on said particulate zirconia prioxr to
the addition of the other water-swluble hydrolysable salt.

22. A method for the manufacture of a ceramic body by firing
a composition in accordance with any of claims 1 to 19 or that
obtained by the method of claim 20 or 21.

23. A ceramic body when prepared by the method of claim 22.

DATED THIS 18TH DAY OF JUNE 1990

TIOXIDE GROUP PIC

By its Patent Attorneys:

GRIFFITH HACI & CO.

Fellows Institute of Patent
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