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L. A process for the manufacture of a powder of mixed

metal oxides, comprising treating metal alcoholates with
water in the presence of an acidic organic compound
containing more than six carbon atoms in its molecule, in
conditions adapted to cohydrolyse the metal alcoholates and
precipitate mixed metal oxides as a powder without any bulk
galling, and colilssting said powder.

7. Mixed metal oxide powders produced by the process of
any one of claims 1 to 6, wherein %¢he mean molar
relationsh.p (Rl) of each metal oxide to the sum of the
metal oxides in the powder and the mean molar relationship
(Rz) of the said metal oxide to the sum of the metal
oxides in a particle of the powder are such that:

Ry = R
Ry
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11. The powders according to any one of claims 7 to 10,

wherein the metal oxides are metal oxides selected from
the metals of the rare-earths groups and the metals of
groups 2, 3 and 4 of. the Periodic Table of the Elements

contained in CRC Handbook of Chemistry and Physics, 52nd
Edition, 1971-1972.
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The invention relates to a process for the manu-

facture of mixed metal oxide powders.
It is well known that mixed metal oxide powders
can be prepared by cohydrolysis of metal alcoholates.
5 For this purpose, dilute solutions of metal alcoholates
in an alcohol are generaily prepared and these solutions

are mixed with an alcoholic solution of water. The re-

action is generally performed under an inert nitrogen

2090 atmosphere, at ambijent temperature. At the end of the

10 process the mixed metal oxide powder which has precipi-

. tated is collected (Better Ceramics Through Chemistry -

s "o Materials Research Society Symposia Proceedings - Vol.

§ Lt 32 - 1984 - Elsevier Science Publishing Co., Inc. = Bruce

°°~~§ Fegley et al:  "Synthesis, characterization, and process-

? 15 ing of monosized ceramic powders', pages 187 to 197;

| Patent US-A-4,543,341). .This known process has been

designed for the production of metal oxide powders of

» very high chemical purity, intended for use in ceramic

f . materials.

% ¢ " <% 20 As a general rule, the performance of ceramic
materials is related to the homogeneity of the mixed metal
oxide powders employed. For this purpose, it has now

°Z°'§ been found that the morphology of the powders obtained

{ by cohydrolysis of metal alcoholates, in particular their

F 25 homogeneity, can be influenced by the conditions under

% which the cohydrolysis is carried out. The invention

i; consequently aims to provide a process for the manufacture

Jé of mixed metal oxide powders which are in the form of

? uniform particles and exhibit high chemical homogeneity.

30  ——————fongequentlyy—the—iavention—realates—to—a
for the manufacture of a powder of mixed metal tdes, ac-

cidic organic compound
arbon atoms in its molecule.
scope of the invention, a mixed metal

oxide is intended to denote a powder which gon-

*
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According to 'the present invention, there ' is
provided a process for the manufacture of a powder of
mixed metal oxides, comprising treated metal alcoholates
with water in the presence of an acidic organic compound
containing more than six carbon atoms in its molecule, in
conditions adapted to cohydrolyse the metal alcoholates
and precipitate mixed metal oxides as a powder without any
bulk gelling, and collecting said powder.

Within the scope of the invention, a mixed metal
oxide powder is intended to denote a powder which contains
oxides of at least two different metals. According

~1B-
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to the invention, the powder may contain more than two
different metal oxides.

In the process according 'to the invention, the
metal alcoholates are all compounds containing at least
one métat bonded via an oxygen atom to a hyd ocarbon
group such as an aromatic group or a saturated or unsatura-
ted, Linear or cyclfc al iphatic group, which is unsub-
stituted or partially or completely substituted. Metal
alcoholates containing aliphatic groups are especially
recommended; those containing unsubstituted saturated
aliphatic groups are preferred, such as, for example,
methyt, ethyl, n-propyl, isopropyl, n-butyl and isobutyl
qroups.

In the process according to the invention,. the
hydrocarbon groups of the metal alcoholates employed may
be identical or different.

The cohydrolysis consists in decomposing the metal
alcoholates simultaneously by means of water to produce
the corresponding hydrated metal oxides and an alcohol or
mixture of alcohols. It is immaterial whether the opera-
tion is carried out with an excess or a deficiency of
water relative to the quantity which is strictly required
to decompose all the alcoholates. The cohydrolysis is
controllted, in a manner known per se, so that the metal
oxides precipitate in the form of a powder, without bulk
gelling of the reaction mixture resulting from the hydroly-
sis.

According to the invention, the cohydrolysis is
performed in the presence of an acidic organic compound.

An acidic organic compcund is intended. to denote
an organic acid or a derivative of an organic¢ acid.
Saturated and unsaturated carboxylic acids and derivatives
thereof are especialty recommended. It is advisable to
choose acids or acid derivatives containing more than six
carbon atoms in their molecule. Carboxylic acids which
have been found especially advantageous are those contain-=
ing at Least eight carbon atoms in their molecule, such
as octanoic, lauric, .palmitic, isopalmitic, oleic and
stearic acids. Carboxylic acids containing more than ten

7
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carbon atoms in their molecule are preferred.
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It has been observed that the acidic organic com-=
pound affects the morphology of the mixed metal oxide
powder, particularly by inhibiting the agglomeration of

5 the particles and by imparting a spherical outline to the
latter. As a general rule, it should be employed in

sufficient quantity for its action on the powder morphology

! to be evident, while at the same time avoiding exceeding
a threshold beyond which its effect on the quality of the

10 powder could be négative. In practice, the optimum quan-

evos tity of acidic organic compound which it i advisable to
e o use depends on many parameters which include, in particu-
:Etig lar, the acidic organic compound selected (chiefly the
o o° length of its carbon chain), the metal alcoholates em-
505:° 15 ployed, as well as the operating conditions; it must be
: o:nﬂg determined for each particular case as a function of the

required quality of the powder morpholoagy. In general,

it is advisable to ensure a molar relationship between

P the acidic organic compound and the mixture of metal

°70""« 20 alcoholates of at least 1073; in the case of a carboxy-
lic acid, the preferred molar relationships are those

35“:° between 0.005 and 3; molar relationships of between 0.015

and 0.35 are suitable.
The cohydrolysis may be carried out in the
25 surrounding air. However, in order to avoid the risk of

|
i
{
[

an uncontrolled decomposition of the metal alcoholates
it is preferred, according to a particular embodiment of

i the process according to the invention, to perform the

# cohydrolysis under a gaséous atmosphere devoid of mois=

3 30 ture. Dry, water-free air, nitrogen and argon are exam-
ples of atmospheres which can be employed in this embodi=
ment of the invention. In principle, temperature and
pressure are not critical. In general, in most cases, it
is possible to work at ambient temperature and at normatl

35 atmospheric pressure.

In performing the process according to the
invention, it is recommended to produce a homogeneous
mixture of the metal alcoholates, water and acidic organic
compound as quicklLy as possible, before nudleation begins.

'
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For this purpose, the alcoholates and the water are advan-
tageously used in the form of organic solutions. Where
appropriate, it is convenient for the organic solvent of
the alcoholates to be free from water. It is advisable,
furthermore to avoid the presence of solid particles. in
the organic solutions of the alcoholates and of water.
Identical or different organic solvents may be employed
for each alcoholate and for water. In the case of dif-
ferent organic solvents, it is generally advwisable that
they should be miscible. It is advisable, furthermore,
to choose organic solvents in which the metal oxides to
be produced are not soluble. Alcohols and their deriv-
atives are generally suitable, particularly methanol,
ethanol, n-propanol, isopropanol, n-butanol and .isobu-
tanol.

The optimum degrees of dilution of the alcoholates
and the water in their respective organic solvents depend
on various factors, particularly on the alcoholates em-
ployed, on the quantity and the nature of the acidic
organic compound chosen, on the working temperature, on
the degree of turbulence of the reaction mixture and of
the desired quality of the metal oxide powder; they must
be determined for each particular case by routine work
in the laboratery. As a general rule, it is recommendsad
that the organic solution of each alcoholate or of the
mixture of alcoholates and the organic solution of water
contain Less than 2 moles of metal alcoholate per Litre
and less than 5 moles of water per Litre respectively.
MolLar conceéntrations which are especially advantageous
are those of between 0.05 and 1 in the case of the metal
alcohalate solution and hztween 0.1 and 3 in the case of
the organic water solution.

In the process according to th# invention, the
metal oxides are coprecipitated by cohydrolysis of the
metal alcoholates in the presence of the a¢idic organic
compound. Various operating proceiures can be used for
this purpose.

Aécording to a first operating procedure, each
metal alcoholate (for example in the form of an organic

Aot
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solution), water (preferably in the dissolved form in an
organic solvent) and the acidic organic compound are
introduced separately but simultaneously into a reaction
chamber. In an alternative form of this operating pro-
cedure of the.process, a homogeneous mixture of the metal
alcoholates is first produced, for example by dissolving
them in a common solvent, before water and the organic
compound are added thereto.

According to a second operating procedure, a
homogeneous mixture of the metal alcoholates is first
produced, the acidic organic compound is added to this
mixture or to water, and then the water and the mixture
of alcoholates are combined.

In each of these operating procedures it is possi-
ble to operate as described in Patent Application
GB-A-2,168,334.

At the end of the cohydrolysis reaction a powder
of fine particles is collected, consisting of a mixture
of metal oxides in the amorphous form, hydrated to a
greater or lesser degree. The powder consists essentially
of generally spherical particles with a diameter not
exceeding 5 microns, and usually of between 0.05 and
2 microns. It is generally associated with the moisture
and the organic residues from the hydrolysis reaction,
such as organic soLvents_and the acidic organic com-
pound.

The powder may optionally be subjected to a drying
operation and a heat treatment at an appropriate tem-
perature, to remove the acidic organic compound, the
water and the organic solvents which it contains. The
heat treatment may be regulated in order to control the
porosity or to get rid of it completely. It may further-
more be regulated in order to initiate a crystallization
of the metal oxides.

The process according to the invention can be
applied to the production of powdered oxides of all known
metals such as, for example, titanium oxide powders doped
with a metal oxide or a mixture of metal oxides such as
tantalum, niobium, barium, copper and strontium oxides,
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silicon oxide powders doped with boron oxide and zir-
conium oxide powders doped with aluminium oxide. It is
especially suitable for the production of mixed metal
oxide powders intended for use in ceramic materials which,
by definition, are nonmetallic inorganic materials whose
use beginning with a powder requires high-temperature
treatments, such as fusion or sintering treatments (P.
William Lee ~ "Ceramics" - 1961 - Reinhold Publishing
Corp. = page 1; Kirk Othmer Encyclopedia of Chemical
Technology - Third edition - Volume 5 - 1979; John
Wiley & Sons, USA - pages 234 to 236: '"Ceramics,
scope'"). In particular, the process according to the
invention finds an advantageous application in the pro-
duction of mixed powders of oxides of metals belonging
to the rare-earths groups and to groups Il, III and IV of
the Periodig Table of the Elements; it can be applied
successfully to the produgtion of stabilized zirconia
powders containing at Least 50 mol% (for example between
75 and 95%) of zirconium oxide. ‘

The powders obtained using the process, accarding
to the invention and most eépeciaLLy zirconia powders‘
stab1L1zed Wwith at Least one other metal oxide are dis-
t1ngu1shed by a remarkabLe chemical uniformity, not onLy
at the overaLL powder scale but aLso on the part1cte
scale. Furthermore, the powders obtained are pract1caLLy
free from aggLomerates and their particLe size dwstr1bu~
tion is reLat1veLy narrow.

Thn 1&09;‘_:‘ ion. co‘gsg'q“gg:| I .-

metal ox1de powders in which the mean molar reLat1qnsh4§
(Rq) of each metal oxide to the sum of the metal. txides
in the powder and the mean molar reLat1onsh1p (R2) of
the said metal oxide to the sum of the metal ox1des in a
particle of the powder are such that.

o
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The present: invention also provides mixed metal
oxide powders -produced by the process of the present
invention, wherein the mean molar relationship (Rl) of
each metal oxide to the sum of the metal oxides in the
powder and the mean molar relationship (R2) of the said
metal oxide to the sum of the metal oxides in a particle
of the powder are such that:

08~
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The invention relates in particular to mixed metal
oxide powders in which, in the case of each particle of
the powder and in the case of each metal oxide of which
it consists, the abovementioned molar relationship Rp and
the molar relationship (R3z) of the said metal oxide to
the sum of the metal oxides at any point in the particle
are such that:

[RB223 < 0.30

Ry

Mixed metal oxide powders in accordance with the
invention are those in which the abovementioned molar
relationships Rq, Rp and Rz are such that:

0.0t < [B17Rsl < 0,30

and/or Rl

0.05 < |*7Ral < 0.30
Ry

The mixed metal aoxide powders according to the
invention gdenerally consist of spherical partiacles whose
diameter is between 0.05 and 2 micross, préferably between
0.2 and 0.7 micron.

The preferred powders according td the invention
are those in which the metal oxides of which they c¢ansist
are metal oxidées selec¢ted fram those of the rare-=earths
group and of groups II, III and 1V of the Periodic Table
of the Elements. These powders find advantageous appli=
¢cations in the use of ceramic¢ materials. Examplés of
such powders are those of zirconium oxide dopeéd with at
Least one oxide of at Least one other metal belonging to
one of the abovementioned groups, for example titanium,
yttrium, calcium, magnesium, barium, neodymium and lLan=
thanum. Among these powders in accordance wi.h the inven-
tion the most advantageous are those containing at Least
50 nol#%4, preferably between 75 and 98 mol#%, of zirconium
oxide.

Powders according to the invention are those
obtained using the process according to the inven*‘on, as
defined above. The invention relates im particular to

P - =
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mixed metal oxide powders in which the abovementioned
relationship |R1-R2|:R1 is less than 0.25 and pow-
ders in which the abovementioned relationship |R2—R3|:R2
is Less than 0.20, especially powders for which:

0.05 < | F17Ra| < 0,20
®)

and/or

0.08 < |}Rs| <o.18
%

A few examples whose description will follow are
used to illustrate the invention. These examples are
given Wwith reference to the attached drawings.

Figure 1 is a diagram relating to a microanalysis
along a particle, in a microtome section of a powder
according to the invention.

Figures 2 to 7 are six photographic reproductions
of doped zirconia powders, in accordance with the inven-
tion, at a magnification of 20,000 X.

The examples relate to test manufacture of zir-
conia powders doped with another metal oxide, according
to the following operating process, in accordance with
the invemkiun.

An organic solution of a zirconium alcoholate and
an organic sonlution of an alcoholate of another metal
were introduced separately into a reaction chamber main-
tained under anhydrous nitrogen atmosphere. After a
maturing time of a few minutes, sufficient to produce a
homogeneous solution, a determined quantity of carboxylic
acid was added to the (atter and the resultant mixture
was subje'ted to moderate stirring for a few minutes.
Then, while the mixture continued to he vigorously stirred,
a defined quantity of an organic¢ solution of water was
added thereto in a single portion. The stirring was regu~
Lated so as to produce a homogeneols reaction mixture
before the beginning of nucleation. The reaction mixture
was then subjected tc a maturing for 2 hours with moderate
stirring. At the end of maturing, the reaction mixture

L B e e Ve
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was centrifuged and the mixed metal oxide powder was
collected, was washed with anhydrous alcohol and was then
dried with a stream of air at ambient temperature.

In the examples, the mean particle diometer of
the powders was calculated from measurements on the
photographic reproductions, the mean diameter beingy
defined by the following relationship (G. Herdan = "Small
particle statistics" - 2nd edition ~ 1960 = Butterworths -
pages 10 and 11): ’

= ndy
d = ——
=

i

where n; denotes the number of particles of the diameter
dj.

Example 1

This example relates to the manufacture of a pow=
der of zirconia doped with yttrium oxide. It is charac~
terized by the follaowing operating conditiaons:

- organic solutions of metal alcoholates:
100 mL of a 0.2 M solution of zirconium n-butoxide
in ethanol,
3 mL of a 0.4 M solution of yttrium isopropoxide
in isopropanol,

- carboxylic acid: 1.6 «x 1075 mole of oleie¢ acid,

- organic solution of water: 100 mlL of a 0.7 M solution

of water 1in ethanol,

- working temperature: 259,

The powder obtained is shown in Figure 2. It has
a mean particle diameter of Q.87 micron.

Furthermore, the following measuréments of the
molar relationship:

molas Y203

molea Yzo3 + moles Zr0

R =
2

have been ¢arried out
(a) on a sample of the whole powder,
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(b) on five particles taken at random from the powder, and

(c) in different regions along a diameter of a particle
of the powder, within a microtome section approxi-—
mately 0.1 mi¢ron in thickness.

Measurement (a) waé carried out using chemical
analysis.

Measurement (b) was carried out by X=ray micro-
snalysis using a scanning electron microscope supplied by
Cambridge, series 200, equipped with an energy diffraction
x-ray microanalysis device supplied by Tracor.

Measurement (c¢) was obtained by x-ray microanaly-
sis with a Siemens Model 102 transmission microscope
equipped with an energy diffraction x-ray microanalysis
device supptied by Kevex.

The rasults of measurements (a) and (b) are listed

ir the table wliich follows.

Molar
relationship
40
Y203+Zr02
(a) Total sample: R 3.3
(b) On five particles:
particle No. 1: R2 3.1
particle No. 2: Rp 3.1
particle No. 3: R 2.9
particle No. 4: R 2.9
particle No. 5: R 3.8
mean: R1q 3.2
{

The results of wmeasurement (c’ are reproduced in
the diagram in Figure 1 which shows the distribution of
the radiation intensity relating to the detection of
yttrium. The horizontal axis of the diagram represents
diagrammatically the scanning line of the analyser and
the ordinate axis expresses the motar concentration of
yttrium oxide (molar relationship Rz defined above).
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An examination of the Table and of the diagram
cjgure 1 Leads to the following conclusions:
- in the case of the sample of the five particles:
|R1'R2_| £0,19
Rl
- along the diameter of a particle:

0.03 <

0.08 gwg 0,17
R

Example 2 2

This example differs from Exampie 1 in the follow-
ing operating conditions:
- organic solutions of metal alcohoilates:
100 ml of a 0.2 M solution of zirconium
n-propoxide in propanol,
3 mlL of a 0.4 M solution of yttrium isopro-
poxide in isopropanol,
- carboxylic acid: 4.8 x 107> mole of oleic acid,
- organic solution of water: 100 mUL of a 1.25 M
solution of water in propanol, and
- working temperature: 25°C.
The powder obtained is shown in Figure 3. It has
a mean particle diameter of 0.32 micron.

Example 3

This example deals with the preparation of a pow-
der of zirconia doped with titanium dioxide. It is
charecterized by the following operating parameters;:

- organic solutijons of metal alcoholates:

100 m{L of a 0.2 M solution of zirconium n-
propoxide in n-propanol,

4 mL of a 0.5 M solution of titanium n-pro-
poxide in n=propanol,

- carboxylic acid: 3.2 «x 1073 nmole of oleic acid,

- organic solution of water: 100 mL of a 0.7 M

solution of water in n-propanol, and

- working temperature: 25°C.

Figure &4 shows a sample of the powder obtained.
The Latter consists of spherical particles of zirconia
and of titanium dioxide, whose mean diameter is 0.88 mi-
cron.
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Example 4 | .
7 In this example, a powder of zirconia and calcium
dxide was prepared. To this end, the following operating
conditions have been employed: .
- organic solutions of metal alcoholates:
30 mL of a 0.2 M sotution of zirconium n-
propoxide in n-propanol,
30 ml of a solution of a mixture of zirconium
n-butoxide and n-propoxide (0.46 M) and cal-
cium ethoxide (0.08 M) in a mixture of n-
propanol and isopropanol,
- carboxylic acid: 4.8 x 107> nole cf oleic acid,
- organic solution of water: 100 mlL of a 0.7 M
solution of water in n-propanol, and
- working temperature: 70°c. _
In carrying out tfiis example, the'two solutions
of metal alcoholates were first mixed and then the resul-
tant mixture was diluted with 20 mL of isopropanol before
oleic acid was_introducéd into it. Subsequent'prdcedure
was then as described above for Examples 1 to 3.
| Figure 5 shows a sample of the powder obtained.

The Latter is in the form_of-spherical particles whose

mean diameter is 1.2 micran.

inithis exanple, a powder of zirconium oxide and
magnesium oxide uas'prepared, The procedure Qas as for
Example 1, with the following reactants:
- organic solutions of'metaL.aLcohoLates:
. 50 mlL of a 0.2 M solution #f zirconium n-
propoxide in n=propanol,
15 ml of a solution of zirconium n-propoxide
(0.67 M) and magnesium ethoxide (0.12 M) in
n-propanol,
- carboxylic acid: 3.2 x 1073 mole of oleic acid,
- organic solutijon of water: 100 mL of a 0.7 M
solution of water in n-propanol, and
- working temperature: 50°C.
A sample of the powder obtained is reproduced in
Figure 6.
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The former consists of spherical particles whase

is 0.68 micron.

This example relates to the preparation of a pow-
der of zirconia doped with neodymium oxide.

The procedure was as described above for Example

the following reactants being employed:

- organic solutions of metal alcoholates:

50 mL of a 0.2 M solution of zirconium
n-propoxide in n-propanol,
40 mlL of a 0.06 M solution of neodymiunm

propoxide 1in

iso-
isopropanol,

carboxylic acid: 2.4 x 107> mole of oleic acid,
organic solution of water: 50 mL of a 1.25 M

in n-propanol,

s0°c.

solution of water and

working temperature:

Figure 7 shows a sample of the powder obtained.
The Latter consists of spherical particles of zirconium

oxide and neodymium oxide, whose mean diameter is
0.3 micron.
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The claims defining the invention are as follows:

1. A process for the manufacture of a powder of mnixed
metal oxides, comprising treating metal alcoholates with
water in the presence of an acidic organic compound

containing more than six carbon atoms in its molecule, 1in
conditions adapted to cohydrolyse the metal alcoholates and
precipitate mixed metal oxides as a powder without any bulk
gelling, and collecting said powder.

2. The process according to claim 1, wherein the acidic
organic compound is selected from carboxylic acids.

3. The process according to claim 1 or 2, wherein the
acidic crganic compound is employed in a molar quantity of
between 0.005 and 3 times the molar quantity of the metal
alcoholates.

4. The process according to any one of claims 1 to 3,
the metal
alcoholates, water and the acidic organic compound are mixed

wherein in order to carry out the cohydrolysis,

so as to produce a homogeneous mixture before nucleation
begins.

5. The process according to any one of claims 1 to 4,
wherein the metal alcoholates are employed in the form of
alcoholic solutions containing between 0.05 and 1 mole of
alcoholate per litre, and water is employed in the form of
an alcoholic solution of water containing between 0.1 and 3
moles of water per litre.

6. The process according to any one of claims 1 to 5,
wherein the metal alcoholates are selected from alcoholates
of rare-earth metals and of metals of groups 2, 3 and 4 of
the Periodic Table of the Elements contained in CRC Handbook
of Chemistry and Physics, 52nd Edition, 1971-1972,

7. Mixed metal oxide powders produced by the process of
~14-
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any one of claims 1 to 6, wherein the mean molar

relationship (Rl) of each metal oxide to the sum of the
metal oxides in the powder and the mean molar relationship
(Rz) of the said metal oxide to the sum of the metal
oxides in a particle of the powder are such that:

R, - Ry

Ry

< 0.30

8. The powders according to claim 7, wherein for each
particle of the powder and for each metal oxide of which

it consists, the abovementioned molar relationship R

2
and. the molar relationship (R3) of the said metal oxide

to the sum of the metal oxides at any point in the
particle are such that:
Ro “ R3] ¢ 0.30
Ra
9. The powders according to claim 7 or 8, wherein the
molar relationships of Rl’ R2 and R3 are such that:

0.03 glRl - R2|i 0.20
Ry
and/or

0.08 5|R2 - R.|c 0.18

3|
Ry

10. The powders according to any one of claims 7 to 9,
wherein they consist of spherical particles whose diameter
is between 0.05 and 2 microns.

11. The powders according to any one of claims 7 to 10,
wherein the metal oxides are metal oxides selected from
the metals of the rare-earths groups and the metals of
groups 2, 3 and 4 of the Periodic Table of the Elements
contained in CRC Handbook of Chemistry and Physics, 52nd
Edition, 1971-1972.

~15—
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12. The powders according to claim 11, wherein they
contain between 75 and 98 mol% of zirconium oxide.

13. The process according to claim 1, substantially as
herein described with reference to any one of the Examples.

14. The powders according to claim ‘7, substantially as
herein described with reference to any one of the Examples.

15, The powders according to claim ‘7, substantially as
herein described with reference to any one of Fiqures 2 ‘o

7.

DATED: 30 JULY, 1990

PHILLIPS ORMONDE & FITZPATRICK o ® A
é) { B G Aatik,
Attorneys For: (2 ZVA

SOLVAY & CIE SOCIETE ANONYME

14532
~16—
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