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The invention relates to a process for the
manufacture of mixed metal oxide powders.

It is known that mixed metal oxide powders can be
manufactured by hydrolysis of a metal alcoholate in the
presence of a metal oxide or hydroxide, under certain
conditions. For this purpose, Patent US-A-4,636,378
(Hughes Aircraft Company) describes a process for the
manufacture of barium titanate powder exhibiting the
tetragonal crystalline structure of perovskite, according
to which a titanium alcoholate is introduced gradually
into an aqueous solution of barium hydroxide, so as to
form a gel of titanium oxide hydrate, the reaction
mixture is then heated to above 100°C in an autoclave
kept under pressure and then, after it has been cooled to
ambient temperature, it is subjected successively to a
moderate heating at atmospheric pressure and to a
dialysis.

The disadvantage of this known process is that it
is highly complex and that it requires a costly
apparatus. Furthermore, the powder obtained exhibits a
heterogeneous morphology, being made up of nonuniform
particles and exhibiting a wide particle size distribu-
tion.

The invention overcomes this disadvantage of the
known process by providing a new process which makes it
possible to obtain, economically and easily, mixed metal
oxide powders in the form of uniform spherical particles.

Accordingly, ‘the invention relates to a process
for the manufacture of a mixed metal oxide powder, in
which at least one metal alcoholate is hydrolysed in the
presence of at least one metal oxide or hydroxide;
according to the invention, the hydrolysis is conducted
in the presence of an acidic Srganic compound containihg
more than 6 carbon atoms in the molecule.

Within the scope of the invention, a mixed metal
oxide powder is intended to denote a powder which con-
tains oxides of at least two different metals. According
to the invention, the powder may éontain more than two
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different metal oxides. The mixed metal oxides are, by
definition, solid solutions, that is mixtures which are

homogeneous at a molecular or ionic level.

In the process according to the invention, the
metal alcoholate denotes any compound in which a metal is
linked through an oxygen atom to a hydrocarbon group such
as an aromatic group or a linear or cyclic, saturated or
unsaturated, unsubstituted or partially or completely
substituted aliphatic group. Metal alcoholates containing
aliphatic groups are especially recommended; those
containing saturated or substitutéd aliphatic groups are
preferred, such as, for example, the methyl, ethyl,
n-propyl isopropyl, n-butyl and isobutyl groups. It is
immaterial whether an isolated metal alcoholate or a
mixture of metal alcoholates is employed.

The purpose of the hydrolysis is to decompose the
metal alcoholate. It is conducted in the presence of a
metal oxide or hydroxide, so as to precipitate mixed
metal oxides. An isolated metal oxide or hydroxide or a
mixture of metal oxides and/or hydroxides may be em-
ployed. . |

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

An acidic organic compound is intended to denote
an organic acid or an organic acid derivative. The
organic acid derivative may be acidic in nature or may be
devoid of acidic nature, being, for example, a neutral
substance in this case. Saturated or unsaturated car-
boxylic acids and their derivatives are especially
recommended. It is recommended to choose acids or deriva-
tives of acids containing more than six carbon atoms in
their molecule. Carboxylic acids which have been found to
be especially advantageous are those containing at least
eight carbon atoms in their molecule, such as octanoic,
lauric, palmitic, isopalmitic, oleic and stearic acids.
Carboxylic acids containing more than ten carbon atoms in.
their molecule are preferred. Examples of organic acid
derivatives which can be employed in the process
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according ﬁo-the invention are the anhydrides, esters and
salts of these acids.

It has been noted that the acidic organié com=-
pound affects the morphology of the mixed metal oxide
powder, by inhibiting ﬁhe agglomeration of the particles
and by imparting a spherical profile to the latter. As a
general rule, it should be employed in sufficient quan-
tity for its effect on the powder morphology to be
apparent, while avoiding, nevertheless, exceeding a
threshold beyond which its effect on the quality of the
powder could be negative. In practice, the optimum
quantity of acidic organic compound recommended to be
used depends on many factors including, in particular,
the acidic organic compound chosen (chiefly the length of
its carbon chain), the metal alcoholate and'oxide or
hydroxide which are employed, as well as the operating
conditions, and it must be determined in each individual
case as a function of the quality of the powder
morphology which is sought. In general, the use of a mass
of acidiC'organié compound of between 20 and 200 g per
mole of all the elementary'metal oxides forming the mixed
metal oxide to be produced is recommended. Quantities of
between 50 and 150 g are preferred in the case where the
acidic organic compound is chosen from carboxylic acids.
In the case where the mixed metal oxide to be produced is
barium titanate, it is recommended to use a carboxylic
acid in a quantity of between 70 and 110 g per mole of
all the elementary metal oxides.

The hydrolysis may be carried out in the sur-
rounding .air. Nevertheless, to avoid carbonation of the
basic metal hydroxide, it is recommended to employ a
CO,~free atmosphere. According to a particular embodiment
of the process according to the invention, the hydrolysis
may be performed under a moisture-free gas atmosphere, to -
avoid the risk of an uncontrolled decomposition of the
metal alcoholate. Dry, dehydrated and decarbonated air,
nitrogen and argon are examples of atmospheres which can
be employed in this embodiment of the invention.
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In principle, the temperature and the pressure
are not critical. In general, in most cases, it is
possible to work at ambient temperature and at normal
atmospheric pressure. |

In carrying out the process according to the
invention, the hydrolysis is regulated'to precipitate the
mixed metal oxides in the form of a powder, without
forming a gel. For this purpose, it is recommended to
produce a homogeneous mixture of the metal alccholate, of
the metal oxide or hydroxide, of water and of the acidic
organic compound as quickly as possible, before nucleation

~ commences. To this end, in a preferred embodiment of the

process according to the invention, the metal alcoholate,
the metal oxide or hydroxide, and water are used in the
form of organic solutions. If need be, it is'appropriaté
that the organic solvent for the alcoholate should be
free from water. It is recommended, furthermore, to avoid
the presence of solid particles in the organic solutions.
Identical or different organic solvents may be employed
for the metal alcoholate, metal oxide or hydroxide and
water. In the case of different organic solvents, it is
generally recommended that these should be miscible.
Alcohols and their derivatives are suitable, particularly
methanol, ethanol, n-propanol, isopropanol, n-butanol and

isobutanol. The optimum degrees of dilution of the metal

alcoholate, of the metal oxide or hydroxide and of water
in their respective organic solvents depend on various
factors, particularly on the alcoholate employed, on the
quantity and the nature of the acidic organic compound
chosen, on the working temperature and on the quality of
the metal oxide powder which is sought; they must be
determined by routine laboratory work in each individual
case. For example, alcoholic‘solufions whose respective
contents of metal alcoholate and of metal hydroxide or
oxide do not exceed 5 moles per litre, and which are-
preferably between 0.02 and 0.5 mole per litre, may be
advantageously employed.
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This preferred embodiment ofuthe process accord-
ing to the invention is particularly adapted to the use

. of oxides or hydroxides of metals chosen from barium,

strontium, boron, selenium and tellurium and those of
Group la of the Periodic Table of the elements, such as
sodium, potassium, rubidium and caesium. The metal
alcoholate may be any metal alcoholate capable of being
converted into the corresponding metal oxide or hydroxide
by hydrolysis; by way of nonlimiting examples, the
process according to the invention applies to the use of
alcoholates of metals selected from Li, Na, K, Be, Mg,
Ca, Sr, Ba, Ti, 2r, Nb; Mn, Fe, Co, Cu, Zn, Cd, Al, Ga,
In, Si, Ge, Sn, Pb, As, Sb, Bi, Te, Y and La, and rare
earths such as Nd, Sm, Eu and Gd (Ferroelectronics, Vol.
49, 1983, pages 285-296; “Ultrafine Electroceramic Powder
Preparation from Metal Alkoxides").

There are various possible ways of performing the
process according to the invention.

According to a first operating procedure, the
acidic organic compound is introduced into a reaction
chamber separately but simulténeously with solutions of
the metal alcoholate, the metal oxide or hydroxide and
water, in an organic solvent.

According to a second operating procedure, which
is preferred, a homogeneous premix of the metal hydroxide
or oxide with water is first produced in a common'organic

" solvent, for example an alcohol, the acidic organic

compound is added to the metal alcoholate, and all the
reactants are then combined.

In each of these operating procedures, it is
possible to operate as set out in Patent Application
GB-A-2,168,334.

In an advantageous alternative form of each of
the operating procedures just_described, a metal hyd-
roxide hydrate, in solution in an organic solvent, is
employed, the water of hydration of the metal hydroxide

forming at least a part of the water necessary for the

hydrolysis reaction. It is preferred to choose a metal
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hydroxide hydrate whose degree of hydration is sufficient
to contribute all the water 'necessary for the hydrolysis
of the metal alcoholate.

When the hydrolysis reaction is complete, a
powder is collected, in the form of fine particles
consisting of a complex mixture of metal oxides in an
amorphous state, which are hydrated to a greater or
lesser degree, and of organic residues. Essentially, the
powder consists of generally spherical particles of a
diameter not exceeding 5 microns and usually of between
0.05 and 2 microns. |

The powder may optionally be subjected to drying
and to a heat treatment at an appropriate temperature, to
remove the acidic organic compound, the water and the
organic solvents which it contains. The heat treatment
may be adjusted to control the porosity or to get rid of
it completely. It may be adjusted, furthermore, to
produce a crystallisation of the metal oxides.

The process according to the invention is well
adapted to the production of mixed metal oxide powders
intended for fabricating cermaic materials which, by
definition, are nonmetallic inorganic materials whose
fabrication from a powder requires high-temperature
treatments such as melting 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 procesé according to the invention finds

- an advantageous application for the producti'on of mixed

metal oxide powders of general formula:
ABO, .

in which A denotes barium and/or strontium and B denotes
at least one metal of valency of Group 4 of the Periodic
Table of the elements. Examples of such mixed metal -
oxides are barium titanate, strontium tit‘anate, barium
zircona.te,_ strontium 2zirconate, barium metasilicate,
mixed barium zirconium silicate and mixtures of these
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comédunds,'some of which find an advantageous application
in the manufacture of semiconductors.

The process accordihg to the invention also
applies to the production of mixed metal oxide powders

" combining more than two different metal oxides such as,

for example, La~Ba-Cu-0O powders, La-Sr-Cu-0 powders or
Y-Ba-Cu-0 powders which exhibit remarkable superconductor

- characteristics (La Recherche, No} 187, April 1987, pages

512 to 515: "Des supraconducteurs sur le chemin des 100
kelvins* [Superconductors on the way to 100 Kelvin}).

_ The mixed metal oxide powders obtained using the
process according to the invention consist of spherical
particles. They are outstanding in their remarkable
chemical homogeneity, a relatively narrow particle size
distribution and a virtual absence of agglomerates.

The few examples whose description is to follow
are used to illustrate the invention. These examples are -
given with reference to attached Figures 1 to 5, which
are five photographic reproductions of mixed metal oxide
powders according to the invention, observed using an
electron transmission microscope, at a magnification of
20,000x.

Examples 1 to 3, described below, concern
attempts to manufacture barium titanate powders accordihg
to the following operating procedﬁre, in accordance with
the invention. _ |

' A solution of titanium alcoholate in alcochol, on
the one hand, and a solution of barium hydroxide mono-
hydrate in alcohol, on the other hand, were prepared
separately under a dry nitrogen atmosphere. The two
solutions obtained were filtered through a filter with a
pore opening of 0.2 micron, available commercially under
the trademark Millipore (Millipore Corporation).

After adding a controlled quantity of carboxylic
acid to the titanium alcoholate solution, the two solu-
tions were introduced into a reaction chamber maintained
under a dry nitrogen atmosphere and were subjected to
intense stirring in order to obtain a homogeneous
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The reaction mixture then underwent a maturation of 2

hours with moderate stirring, at 60°C. At the end of the
maturation, the :eaction mixture was subjected to a
centrifuging operation and a barium titanate powder was
recovered, which was washed with alcohol and was then
dried in a stream of nitrogen at ambient temperature.

In the examples, the mean diameter of the barium
titanate powders was calculated from measurements on the
photographic reproduction, the mean diameter being
defined by the following relationship (G. Herdan - "Small
particles [sic] statistics" -~ 2nd edition - 1960 -
Butterworths - pages 10 and 11):

Za4dy
d=

Ly

where n; denotes the number of particles of diameter d,.

Example 1
This example is characterised by the following

operating conditions: .
- titanium alcholate solution: 64 ml of a 0.2 molar

solution of titanium n-propoxide in n-propanol, at
25°C; ' |
- barium hydroxide solution: 200 ml of a 0.065 molar

solution of barium hydroxide monohydrate in .a

mixture of methanol and n-propanol (in the ratio of

1 volume of methanol to 2 volumes of propanol), at

25°C; .
- carboxylic acid: 2.85 ml of oleic acid.

To carry out the test, the oleic acid and

57.15 ml of n-propanol were first added to the titanium
n-propoxide solution and the resulfant premix was intro-
duced into the reaction chamber, where it was heated to
60°C. The solution of barium hydroxide hydrate was then -
added to it in one lot, at 25°C. The temperature of the
reaction mixture in the reaction chamber became steady at
about 45°C.
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The amorphous powder obtained at the end of the
drying is shown in Figure 1. It has a mean particle
diameter of about 0.59 um.

Example 2

The following reactants were employed:

- titanium alcoholate solution: 200 ml of a 0.05 molar
solution of titanium isopropoxide in a mixture of
methanol and isopropanol (50:50 % by wvolume);

- barium hydroxide hydrate solution: 200 ml of a 0.05
molar solution of barium hydroxide monohydrate in a
mixture of methanol and isopropanol (50:50 % by
volume);

- carboxylic acid: 2 ml of oleic acid.

The titanium isopropoxide solution and the oleic
acid were first introduced into the reaction chamber,
this premix was heated therein to 60°C and then, while it
was kept vigorously stirred, the barium hydroxide solu-
tion was added to it at 25°C. The temperature of the
reaction mixture became steady at about 45°C. The test
was then continued as described above.

The powder obtained at the end of the test is
shown in Figure 2. It has a mean particle diameter of
0.35 um.

Example 3

The conditions of Example 1 were reproduced,
changing the order of introduction of the reactants into
the reaction chamber. For this purpose, the barium
hydroxide solution, kept at 25°C, was introduced into the
reaction chamber first. The premix made up of the oleic
acid, the titanium n-propoxide and n-propanol, at 25°C
was then added to it in one lot.

The powder obtained at the end of drying is shown
in Figure 3. It has a mean pafticle diameter of 0.75 um.

The test was continued by subjecting the powder
recovered from drying to a- -heat treatment at 650°C, in
air. At the end of this heat treatment, a crystallised
powder, which can be seen in Figure 4, was recovered.
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Example 4

This example concerns the preparation, in accor-
dance with the invention, of a powder of mixed titanium,
zirconium, barium and strontium oxides.

The following were introduced first into a
reaction chamber maintained under a dry nitrogen atmos-
phere:

C - 32 ml of a 0.2 molar solution of titanium n-prop-

oxide in n-propancl,

- 8 ml of a 0.2 molar solution of zirconium n-prop-
oxide in n-propanol,
- 1.75 ml of oleic acid, and

- 58.25 ml of propanol.

The mixture was heated to 60°C and then, while it
was kept vigorously stirred, the mixture of the following
solutions, at 25°C, was added to it in a single lot:

- 80 ml of a 0.08 molar solution of barium hydroxide
monohydrate in a mixture of methanol and propanol
(30:70 % by volume), and

- 20 ml of a 0.08 molar solution of strontium hyd-
roxide monohydrate in methanol.

The temperature of the reaction mixture in the
reaction chamber became steady at about 45°C. _

The reaction mixture then underwent a maturation

- of 2 hours at 60°C, with moderate stirring. At the end of

the maturation, the reaction mixture was subjected to a
centrifuging operation and a powder of mixed titanium,
zirconium, barium and strontium oxides was collected. The
powder was washed with alcohol and was then dried in a
stream of nitrogen at ambient temperature.

The powder obtained can be seen in Figure 5. It
has a mean particle diameter pf 0.98 um.
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CLAIMS |

1. Proceés for the manufacturé of a mixed metal
oxide powder, in which at least one metal alcoholate is
hydrolysed in the presence of at least one metal oxide or
hydroxide, characterised in that the hydrolysis is
performed in the presence of an acidic organic compdund
consisting of an organic acid or of a derivative of an
organic acid containing more than 6 carbon atoms in the
molecule and in that the metal alcoholate, the metal
oxide or hydroxide and water are used in the form of
organic solutions.

2. Process according to Claim 1, characterised in
that the acidic organic compound is chosen from car-
boxylic acids containing at least 8 carbon atoms in the
molecule and derivatives of these acids.

3. Process according to Claim 1 or 2, characterised

‘in that the acidic organic compound is used in a quantity

of between 20 and 200 g per mole of all the elementary
metal oxides forming the mixed metal oxide to be produ-
ced. _

4, Process according'to any one of Claims 1 to 3,
characterised in that, to carry out the hydrolysis, the
metal alcoholate, the metal oxide or hydroxide, water and
the acidic organic compound are mixed so as to produce a |
homogeneous mixture before nucleation commences. .

5. Process according to any one of Claims 1 to 4,
characterised in that a metal hydroxide hydrate is used.
6. Process according to Claim 5, characterised in
that the metal oxide or hydroxide is chosen from the
oxides and hydroxides of barium, strontium, boron,
selenium, tellurium and metals of Group la of the Period-
ic Table of the elements.

7. Process according to any one of Claims 1 to 6,
characterised in that the powder recovered from hydro-
lysis is subjected to a heat treatment. _

8. Use of the process according to any one of Claims
1 to 7 to obtain mixed metal oxide powders consisting of

- spherical particles whose diameter is between 0.05 and

O O AT N A
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2 microns.

9. Use of the process according to Claim 7 to obtain
mixed metal oxide powders of general formula:
ABOg

in which A denotes barium and/or strontium and B denotes
at least one metal of valency 4 of Group 4 of the
Periodic Table of the elements. _

10. Use of the process according to Claim 9, in which
the compound ABO; is barium titanate.
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