-1 - 0286155 The invention relates to a process for
the manufacture of m xed netal oxide powders. It is well known that m xed
netal oxide powders can be prepared by cohydrolysis of metal al cohol ates.
For 5 this purpose, dilute solutions of_ mnetal alcoholates in _an al cohol
are generally prepared and these sol utions are mixed with an al%@88di55c
solution of water. The reaction is generally perfornmed under an inert
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the production of metal oxide powders of very high
chemical purity, intended for use in ceramic materials. |
As a general rule, the performance of ceramic

20 materials is related to the homogeneity of the mixed
metal oxide powders employed. For this purpose, it has
now been found that the morphology of the powders
obtained by cohydrolysis of metal alcoholates, in par-
ticular their homogeneity, can be influenced byl the

25 conditions under which the cohydrolysis is carried out.

\/ The invention consequently aims to provide a process for
the manufacture of mixed metal oxide powders which are in
the form of uniform particles and exhibit high chemical
homogeneity.

30 Consequently, the invention relates to a process
for the manufacture of a powder of mixed metal oxides,
according to which the cohydrolysis of metal alcoholates
is carried out in the presence of an acidic organic
compound containing more than six carbon atoms in its

35 - mo.lecule'.

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



-2- to the invention, the powder nmay contain nore than two different netal
oxides. In the process according to the invention, the netal al cohol ates
are all conpounds containing at |east 5 one netal bonded via an oxygen atom
to a hydrocarbon group such as an aronq;if group or a saturated or unsatu-
rated, linear or cyclic aliphatic group, Which is unsubstituted or _
partially or conpletely substituted. Metal alcoholates containing aliphatic
greups are espBcitheignventien, (ehenpendes; may ieentaincamze nthan two
unsubst i t ut eddialféli:ahedmékhﬂhaﬁc:iaeﬁr.oupS alr e pr gf ter lr ed, dsuchbaf, | for

exanpl e, nmethyl, ethy ~pro | sopro . n-butyl and isobuty roups.
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t he reacf{hon gy xture ' fro y sks._Accordin o] e
inventio%? thg1§ hydf%?é@#éhﬁgdperpgbggﬁ inégﬂéab?éggnceu8§ugﬁ£bF5gﬁ?c
acid. 30 saturatgdyediiphadi¢ greups atrvd pxelfexyede asicls asd for )
derivatives t ar ci r eg oy d. ; Acj nt ai QJ t han
si x carbon at%ﬁ%ﬁ?%e'hgffﬁggfegt#%lérg gﬁggggf %ﬁ?ggéﬁf?é gcgggg%ﬂgéﬁ have
been found esb%BP%FY; g498RPageous are those containing at |east 35 eight
carbon atonms in theirInoktheulprocass aScOLddngi €o the invention, the

15 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

20 alcohol or mixture of alcohols. It is immaterial whether
the operation is carried_oﬁt with an excess or a defici-
ency of water relative to the quantity which is strictly
required to decompose all the alcoholates. The cohydroly-
sis is controlled, in a manner known per se, so that the

25 metal oxides precipitate in the form of a powder, without

/ bulk gelling of the reaction mixture resulting from the
hydrolysis.

According to the invention, the cohydrolysis is
performed in the présence of an organic acid.

30 Saturated and unsaturated carboxylic acids and
derivatives thereof are especially recommended. Acids
containing more than six carbon atoms in their molecule
are chosen. Carboxylic acids which have been found
especially advahtageous are those containing at least

35 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.



lauric, palmtic, isopalmtic, oleic and stearic acids. Carboxylic acids
containing nore than ten carbon atons in their nolecule are preferred.
.-3- It has been observed that the organic acid affects the norphol ogy
of the m xed netal oxide powder, parti_cuga_rly by inhibiting the

aggl oneration of the particles and by inparting a spherical outline to the
-5 latter. As a general rule, it should be enployed in sufficient
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quality of the powder' morphology. In general, it is

advisable to ensure a molar ratio of the organic acid to
the mixture of metal alcoholates of at least 107°; in the
case of a carboxylic acid, the preferred molar ratios are

20 those between 0.005 and 3; molar ratios of between 0.015
and 0.35 are suitable.

' The cohydrolysis may be carried out in the
surrounding air. However, in order to avoid the risk of
an uncontrolled decomposition of the metal alcoholates it

25 is preferred, according to a particular embodiment of the

N process .according to the invention, to perform the

cohydrolysis wunder a gaseous atmosphere devoid of

moisture. Dry, water-free air, nitrogen and argon are

examples of atmospheres which can be employed in this

30 embodiment of the invention. In principle, temperéture

and pressure are not critical. In general, in most cases,

it is possible to work at ambient temperature and at
normal atmospheric pressure.

In. performing the process according to the

35 inVention, it is recommended to produce a homogeneous

mixture of the metal alcoholates, water and organic acid

as quickly .as possible, before nucleation begins. For

this purpose, the alcoholates and  the water are



normal atnospheric pressure. In performng the process according to the 35
I nvention, it is recommended to produce a honogeneous m xture of the netal
al cohol ates, water and organic acid as quickly as possible, before

nucl eation begins. For this purpose, the,alcoholates and the water are

-4- advant ageously used in the formof organic solutions. \Were
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than 5 nol es Ddowatsioper litre respectively. Mlar concentrations which

are espeglally advantggeoys, ated "988r8Ls P *8013t 2802 Wk Lene alco-

holates and the water in their respective organic

solvents depend on various factors, particularly on the

alcoholates employed, on the quantity and the nature of

the acidic organic compound chosen, on the working

20 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 laboratory. As a general rule, it

is recommended that the organic solution of each alco-

25 holate or of the mixture of alcoholates and the organic

/ solution of water should contain less than 2 moles of

metal alcoholate per litre and less than 5 moles of water

per litre respectively. Molar concentrations which are

especially advantageous are those of between 0.05 and 1

30 in the case of the metal alcoholate solution and between

0.1 and 3 in the case of the organic water solution. |

. In the process according to the invention, the

metal oxides are coprecipitated by cohydrolysis of the

metal alcoholates in the presence of the organic acid.

35 Various operating procedures can be used for this purpose.

| .According to a first operating procedure, each

metal alcoholate (for example in the form of an organic

solution), water (preferably in the dissolved form in an



30 . in the case of the nmetal alcoholate solution and between 0.1 and 3 in
the case of the organic water solution. In the process according to the
Lnvention, the netal oxides are coprecipitated by cohydrolysis of the netal
al cohol ates in the presence of .the organigc acid. 35 Various operating
procedures can be used for this purpose. According to a first operating

rocedure, each netal alcoholate (for exanple in the formof an organic
goJr‘ ution), weQEFARIT eFMARE) napHe thesorgaRiforasid are introdugedic
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in rocedures jt is,possible to operate as described in Patent

XBS[ ?E:iat ?og 15  GB- AA-“QC,:T@%?%%AtoAt 3 h%egﬂﬂgofol{%deapfi?fi?rPeac‘?i on a
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hydr ol ysi s reaction, such azl o[r:?%ani c solvents and the organic acid. 25
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The, powder nay opt i ordt | 365 | cEReE [ PRETAKANG BFOLOusesandita Hrat
treat nent at pussilpl®ptoabperate as described in Patent Application

15 GB-A-2,168,334.
At the end of the cthdrolysis 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 degfee. The powder consists essentially
20 of 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 hydrblysis reaction, such as organic
solvents and the organic acid.
25 The powder may optionally be subjected to a
o drying operation and a heat treatment at an appropriate
temperature, to remove the organic acid, the water and
the organic solvents which it contains. The heat treat-
ment may be regulated in order to control the porosity or
30 to get rid of it completely. It may furthermore be
regulated in order to initiate a crystallisation of the
metal oxides. '
The process according to the invention can be
applied to the production of powdered oxides of all known
35 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,
silicon oxide powders doped with boron oxide and
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tenperature, to renove the organic acid, the water and the organic sol vents
which it contains. The heat treat- nent may be regulated in order to
control the porosity or 30 to get rid of it conpletely. It may
furthernore be regulated in order to inigiate a crystallisation of the

met al oxi des. The process according to the invention can be applied to the
producti on of .powdered oxides of all known 35 tals such as, for
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al so on the part
successfully to the production of stabilised =zirconia

t he

powders containing at least 50 mol% (for example between
75 and 95%) of zirconium oxide.
The powders obtained using the process according
20 to the invention and most especially zirconia powders
stabilised with at least one other metal oxide are
distinguished by a remarkable chemical uniformity, not
only at the overall powder scale but also on the particle
scale. Furthermore, the powders obtained are practically
25 free from agglomerates and their particle size distri-
P, bution is relatively narrow. |
The invention consequently also relates to mixed
metal oxide powders in which, in the case of each par-
ticle of the powder, the mean molar ratio (R,) of each
30 metal oxide to the sum of the metal oxides in the powder
and the mean molar ratio (R,) of the said metal oxide to
the sum of the metal oxides in a particle of the powder
are such that:

[Ri-&,| < 0,30
R

1



scale. Furthernore, the powders obtained are practically 25 free fr
aggl onerates and their particle size distri- bution is relatively nar
The invention consequently also relates to m xed netal oxide powders
which, in the case of each par- ticle of ,the powder, -the nmean nol ar
[err] of each 30 nmetal oxide to the sumof the nmetal oxides in the

om
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and the nean nolar ratio [err] of the said netal oxide to the sumof the
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ferr] 10 af®dy ghaty] The mixed netal oxide powders according to the

i nvention consist of crystallised spr]ear i_QerI particl es whose di aneter
between 0.05 and 2 mcrons, preferabliy2beliwged, 3 2 and 0.7 mcron. 15
The preferred powders according to the Rpvention are those in which t

is

he

net al oxi des of which they consist are netal oxides selected fromthose of

the rare-earths gr OuR, & qiqx{ S PURS

the el enments. These po er s 11 hd advant ageous” app
use of ceraminvesitgianal areEthosieesinf which pdwleabovemenhdonedi madlax
oxi de doped Wdidlod#As R,, R, and R, are such that:
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0.01 < 1RiR] < 0,30

10 and/or R,
0,05 < [RyRy| < 0,30

R

2
The mixed metal oxide powders according to the
invention consist of crystallised spherical particles
whose diameter is between 0.05 and 2 microns, preferably
between 0.2 and 0.7 micron.

15 The preferred powders according to the invention
are those in which the metal oxides of which they consist
are metal oxides selected from those of the rare-earths
group and of groups II, III and IV of the Periodic Table

N\’ : of the elements. These powders find advantageous appli-

20 cations in the use of ceramic materials. Examples of such
powders are those of zirconium oxide doped 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 lanthanum.

25 Among these powders in accordance with the invention the
most advantageous are those containing at least 50 mol%,
preferably between 75 and 98 mol%, of zirconium oxide.

Powders according to the invention are those
obtained using the piocess according to the invention, as

30 defined above. The invention relates in particular to
mixed metal oxide powders in which the abovementioned
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one oxide of at |east one other netal belonging to one of the

abovenenti oned groups, for exanple titanium yttrium calcium nmagnesium
barium neodym um and | ant hanum 25 Among these powders in accordance
with the invention the nost advantageous @re those containing at |east 50
nmol % preferably between 75 and 98 nol % of zirconi um oxi de. Powders
according to the invention are those obtained using the process according
£ the inventilBrRds R0 is déeFRedthayove: 2Thandn\eewders r dnatwitidin the

particul ar thEb*éﬁeﬁ%&%'n%'%m\de F'i6,-R])| ;[Cmé hey &poveprahi 0pedg, - 8-
[err] is less than_ 0 35 and owdgfés I n V\:hl ch the abovenentioned ratio
[err] is |eE€SPeEHatlyy Py, LM S5wders for which: [err] and/or

Jerr] 5 A few exanpl e -gepcrption will follow are used to
illustrate the invention. Thes® ‘e,\3x\,\2qSlq z r—Jebg%dven with reference to the

attached draw ngs Figure 1 is a diagramnrelating to a m croanal ysis al ong
a particle, iangd/@grcrotonme section of a povvder 10 according to the
invention. Figures 2 to 7 are Sbé( <pl{m ap_fbl q: reproducti ons of doped
zirconia powders, in accor danfe’ Wit - tion, at a magnification of
20,000 x. The exanples relate to test rianuf acture of 15 zi rconi a powders
doped witb anot her neRalfetxiedampdesotiosendekoripeibal WMNgoapewaarag

process, n agggrdange WL LG d YR | Qe ) O I3RPCLOI LN O 3o

zirconiumal c an organi c S
metal 20 wegévenmwitdugefereme® dicelthe amt@ch@d ﬁe:a@tum chanber

mai nt ai ned under anhy@ﬁ%‘&%en'lt Eegérhfécf@éﬁ”l%’leatﬂgt ‘%ro a HEE.% pg1lisie of a
few m nutes, sufficient to produce a honogeneous sol ution, ete m ned
q@ntlty of Cg,lgggymcpartlcle, in a microtome section of a powder

10 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

15 zirconia powders doped with another metal oxide, accord-
ing to the following operating process, in accordance.
with the invention.

An organic solution of a zirconium alcoholate and
an organic solution of an alcoholate of another metal

20 were introduced separately into a reaction chamber
maintained under anhydrous nitrogen atmosphere. After a

L_/ maturing time of a few minutes, sufficient to produce a
homogeneous solution, a determined quantity of carboxylic

acid was added to the latter and the resultant mixture

25 was subjected to moderate stirring for a few minutes.
Then, while the mixture continued to be wvigorously
stirred, a defined quantity of an organic solution of
water was added thereto in a single portion. The stirring

was regulated so as to produce a homogeneous reaction

30 mixture before the beginning of nucleation. The reaction
mixture was then subjected to maturing for 2 hours with
moderate stirring. At the end of maturing, the reaction
mixture was centrlfuged and the mixed metal oxide powder

was collected, was washed with anhydrous alcohol and was



acid was added to the latter and the resultant m xture 25 was subjected
to noderate stirring for a few mnutes. Then, while the m xture conti nued
to be vigorously stirred, a defined quantity of an organic solution of
wat er was added thereto in a single portigon. The stirring was regul ated so
as to produce a honobgeneous reaction 30 m xture before the begi nning of
nucl eation. The reaction m xture was then subjected to maturing for 2 hours
Wit h noder at SRV AFHEY ¥ithna ehuear ahtairngt ambierkctPBpReFRkuEee was
centrifuged and the nixedheetcaanplicds Phslehedns paeitliedleedismscayashed with
anhydr ous alcoﬁgl %Rg was - 9- iheg gried with a streamaof air at. amnbient
tenperature. Tt BPYSESH ¥28° (RRIGRLATHS, (F 1R FCARMTSIIIES n8 hokers was
.cal cul at ed frphotegsapkient seprodhet pdws pgriipdi cneapr odiahétas, béEngean

di aneter dei ; efype Wi ti ( rdan -.q I
particle E'gs)t a??%tgjl'%gé -6€n%.h?d/-i_ %Pg%\&?ullgwfgtéﬁtt r'wo?tt S o pagessxigfgnd
11): [err] whRREtjgle|stahbseics he MrdedbiionrtitIel ofButeervareher 10
[err]. Exanple gadéssiexanyl e1yel ates to the manufacture of a powder of
zirconia doped with yttriumoxide. It is characterised by the foll ow ng
operating conditions: 15 - organic sol utions of netal al coholates: 100
m of 0.2M solution of zirconium n-bu kQéiin ethanol, 3 m of a 0.4M
solution of yttriumisopropoxideqin Lsaprapanol, 20 - car boxylic acid:
1.6 x 10-3 nole of oleic acid, - og&mic solution of water: 100 m of a
0. 7M sol ution of water in ethanol, - wdgki ng tenperature: 25C. The
powder obtained is shown in Figure 2. It has

; where n; denotes the number of particles of the diameter
%

10 d,.
Example 1 '

This example relates to the manufacture of a
powder of zirconia doped with yttrium oxide. It is
characterised by the following operating conditions:

15 - organic solutions of metal alcoholates:
100 ml of 0.2M solution of zirconium n-butoxide
in ethanol,

3 ml of a 0.4M solution of yttrium isopropoxide

in isopropanol,

20 - carboxylic acid: 1.6 x 10 mole of oleic acid,
- organic solution of water: 100 ml of a 0.7M solution
N of water in ethanol,
- working temperature: 25°C.

The powder obtained is shown in Figure 2. It has
25 a mean particle diameter of 0.87 micron.
Furthermore, the fdllowing measurements of the
molar ratio:

moles Y203

moles Y203 + moles.ZrO2

R =

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



25 a nean particle dianmeter of 0.87 mcron. Furthernore, the follow ng
nmeasurenments of the nolar ratio: [err] have been carried out (a) on a
.sanpl e of the whole powder, 30 (b) on five particles taken at random
fromthe powder, and - 10 - (c) indifgerent regions along a dianeter of
a particle of the powder, within a mcrotome section approxi- mately 0.1
mcron in thi

ness was, car r| e ut usi chem cal
anal ysi s. égﬁrer‘}éht %HS o%][ r}g&ﬁ%l§1&| ng a
‘scanni ng el ectronafi mltgcmedenppw,veulbyamabmpdgm;e selcma@nZ(a(ppmqm-pped

with an energy di ffd@0y td 0N nf$d@n MEr ,yéé device supplied by Tracor.

10 Measurenent (c) was obtained “ray mcro- anal ysis wth a
.Si enens Model 102 tr 2RAFWSWNN (R OsWESe Cétﬂﬁlrﬂfbdoﬁtﬁsaﬂ%rﬁwcal

di ffractison ¥nadysiiscr oanal ysi s deV| ce supplied by Kevex. The results of
measur enent s (a) and are 15 Isted in the .table which follows. [err]
{b) On five particle ‘%féﬁ l\bb) 1was|gpryied out by X-ray migrp-

particle No. aﬁalydﬂa’nblng a scannlng ele8titopanicrdscdipe slipp)isd by
ﬁbg 25 [err Fambrldﬁgt'ééfigy 2@0 %@ﬁiﬁped with an eFergy &%é%éggtlcle
3.2 The resultionX-na3s mHanganglysisrdevige cuprbied B Tracer di agram in

Fi gure jowhi ch shows Mdaniedrduticgn Qasthﬁoﬁa?ﬂi&ilggelms 291 i )AL ng

to the detection of gttrlum The horizontal axis of di agram r epresents
analysis with a Siemens Model 102 transmission mlcroscope

equipped with an energy diffraction X-ray microanalysis

device supplied by Kevex.

~ The results of measurements (a) and (b) are
15 listed in the table which follows.
Molar
ratio
Y203
2'2034-22:'02
20 (a) Total sample: R 3.3
(b) On five particles:
partiéle No. 1: R, : 3.1
particle No. 2: R,
particle No. 3: R, 2.9
o 25 particle No. 4: R, 2.9
particle No. 5: R, 3.8
means: R, 3.2

The results of measurement (c) are reproduced in
30 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 molar concentration of
35 yttrium oxide (molar relationshib R, defined above).
An examination of the Table and of the diagram in
Figure 1 leads to the following conclusions:



di agrammatically the scanning line of the anal yser and the ordinate axis
expresses the nolar concentration of 35 yttriumoxide (nmolar relationship
'R3 defined above). An exam nation of the Table and of the diagramin Figure
"1 leads to the followi ng conclusions: _ 1iD the case of the sanple of
the five particles: [err] - along the dianeter of a particle: [err] 5

Exanple 2 This exanple differs fromExanple,1 in the foll ow ng operating
eondi tions: - organi ¢ sofut T8fFs GPSRet 8F aFbBhofaPBL® 186 nthEr &iyeom

sol ution of parcaoiles:10 n- propoxi de in propanol, 3 mM of a
0.4M sol ution of yttriumisopropoxide in isopropanol, - carboxylic acid:
[err] mole of oleic acid, - organic solutjpngof water: 100 nl of a 1.25M 15

.solution of water in propanol, and 0.8k 2enp@Lddure: 25C. The powder
obtained is shown in Figure 3. It has a nmearRparticle diameter of 0.32
m cron. Exanple 3 20 This exanple deals with the preparation of a
powder of zirconia doped with titaniumdioxide. It is characterised by the
fol |l ow ng operating pagdagigeithe diamgaeirC oFolaupasticesnetal al cohol ates:
100 m of a 0.2M solution of zirconium 25 n- propoxi de in
n-propanol, 4 m of a 0.5M solution of tiﬁaniu n- pr opoxi de i n n-propanol,
- carboxylic acid: 3.2 x 10-3 nol e af,08le€i 32'&%37 d¢ o6,19rgani ¢ sol ution of
water: 100 mM of a 0.7M 30 §6Iut§?n of water in n-propanol, and

5 Example 2
This example differs from Example 1 in the

following operating conditions:

~ - organic solutions of metal alcoholates:
100 ml of a 0.2M solution of =zirconium
10 n-propoxide in propanol,
3 ml of a 0.4M solution of yttrium isopropoxide
in isopropanol,
- carboxylic acid: 4.8 x 107> mole of oleic acid,
- organic solution of water: 100 ml of a 1.25M
15 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 _
\ 20 _ This example deals with the preparation of a

powder of zirconia doped with titanium dioxide. It is
characterised by the following operating parameters:
- organic solutions of metal alcoholates:
100 ml1 of a 0.2M solution of =zirconium
25 n~propoxide in n-propanol,
4 ml of a 0.5M solution of titanium n-propoxide
in n-propanol,
- carboxylic acid: 3.2 x 10™ mole of oleic acid,
- organic solution of water: 100 ml of a 0.7M
30 solution of water in n-propanol, and
- working temperature: 25°C.



- working tenperature: [err]. - 12 - Figure 4 shows a sanple of the
powder obtained. The latter consists of spherical particles of zirconia and
of titanium di oxi de, whose nean dianmeter is 0.88 mcron. 5 Exanple 4 In
this exanple, a powder of zirconia and_cggC|un1OX|de was prepared. To this
end, the follow ng operating conditions ve been enpl oyed: - organic
solutions of netal al coholates: 10 30 mM of a 0.2M
setution of zirconi B¥RTEr 4pShcHs ian saqpichb| thaopevder abtainedon of a

m xture of zifrenilaerbWchd daAnds nth@EQéhde ;!a%ﬂfi:ﬂesartsif calptYfia
et hoxi de (0.0 | sopr opanol ,

in_a mxture of n ano
- carboxylic aﬁéd of 8%&?3?%?@nﬂ?ﬁ%# %?elcwgeﬁﬁ MEFY o L2RN SR | ohS of

mater: 100 nl 0o88amflcrohl.sol uti on of water.in n-propanol, and - working

t enper at uge: kg %é$1é04 In carrying out this exanple, the two

sol uti ons” of cohol ates were first m xed and theh the resultant
M xture was dil uted winhtiis exampleom aawdar o gircondiacandi dahgium

i ntroduced inpRikk. w§§b ﬁeys%dpr@seéuis éﬁa thﬁa 281 98wshibsgepRLYRGT OF
Exanples 1 25 to ﬂure shows é of the powdei o talned The

latter is in FﬂEdFBFﬂPﬁf §BﬁeP?€§leHBiP¥€Fes whose mean dianeter is 1.2
mcron. Exanple 5 30 - organic kolukienexafpietad pdeddolaftesisr coni um oxide

and magngal um oxi de was 38" epa’ e%f Th I Po&&dur %_ as fOf E%gggbgl W th
u 0

the fol | oW ng reactants - ofganict s iFons O alCon m  of
a 0.2M sol ution of zirconpuapoxide in n-pro;.:anol

30 ml of a solutlon of a mixture of zirconium
n-butoxide and n-propoxide (0.46M) and calcium
ethoxide (0.08M) in a mixture of n-propanol and

15 isopropanol,

- carboxylic acid: 4.8 x 10™° mole of oleic acid,

- organic solution of water: 100 ml of a 0.7M
solution of water in n-propanol, and

- working temperature: 70°C.

20 In cérrying out this example, the two solutions
of metal alcoholates were first mixed and then the
resultant mixture was diluted with 20 ml of isopropanol
before oleic acid was introduéed into it. Subsequent
procedure was then as described above for Examples 1

25 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 micron. |
Example 5

30 In this example, a powder of zirconium oxide and
magnesium oxide was prepared. The procedure was as for
Example 1, with the following reactants:

- organic solutions of metal alcoholates:
50 ml of a 0.2M solution of zirconium

35 n-propoxide in n-propanol,

15 ml of a solution of zirconium n-propoxide
(0.67M) and magnesium ethoxide (0.12M) in
n-propanol,



35 n- propoxi de in n-propanol, 15 m of a solution of zirconium
n- pr opoxi de (0.67M and magnesium ethoxide (0.12M in n-propanol, -

13 - - carboxylic acid: [err] nole of oleic acid, - organic solution of
water: 100 ml of a 0.7Msolution of watefsin n-propanol, and - working
tenperature: [err]. 5 A sanpl e 0of the powder obtained is

reproduced in Figure 6. The former consists of spherical particles whose
rean dianeter is 0.68~nfFArBRXYRiSnprdde 302 x 10~ molenhp§ elgdipl acidlat es

to the preparation of -acpgafiet Goait i 8fdepedrwi tipmendy@runa ogi.de. The
procedure was as describeg %bove f.or gxanple 1, with the faollow ng
reactants being enpl oyed® 3 6PHaRtc ek at FonL BFOREPRL 1aPPShol ates: 15
:50 nl  of a 0.2M soworkding ¢emperatameumsSQ-"gr.opoxi de in n-propanol, 40

m of a 0506M solutio Qépgi8d¥¥iEﬂbi§8w38E088é5Qﬁeh”iESQBQQBQHBEd in .
carboxylic acid: [err] no of olerc acid, 2 - organi c sofuti on
of water: 50 Fig®Feabi. 25M sol ution of water in n-propanol, and - worKking

tenperature: [err]. FrHE €ofmeRoWon8 is@8PbE 8phbPecROVWEEEL9REENGHosENE
| atter consists ofdaﬁgerlcaL p%rtlcles of zirconium 25 oxi de and

neodym um oxTGa"1 gterndgn0-88aMdCEP i s 0.3 nicron. 14 -
0286155 C ai nExample 6

10 ' This example relates to the preparation of a
powder of zirconia doped with neodymium oxide.
The procedure was as described above for Example
1, with the following reactants being employed:
- organic solutions of metal alcoholates:
15 50 ml of a 0.2M solution of =zirconium
n-propoxide in n-propanol,
40 ml1 of a 0.06M solution of neodymium iso-
propoxide in isopropanol,
-~ carboxylic acid: 2.4 x 107 mole of oleic acid,
20 -~ organic solution of water: 50 ml of a 1.25M
solution of water in n-propancl, and
- working temperature: 50°C.
Figure 7 shows a sample of the powder obtained.
The latter consists of spherical particles of zirconium
25 oxide and neodymium oxide, whose mean diameter is
Y, 0.3 micron.



1. Process for the manufacture of a powder of m xed netal oxides,
according to which the cohydrolysis of netal alcoholates is carried out,
characterised in that 5 the cohydrolysis is carried out in the presence
of an organic acid containing nore than ;g X carbon atons in itgd@plgcule.

2. Process according to Caim1l, characterised in that the organic
acid is selected from carboxylic acids,, 10 3. Process according to
€aim1l or 2, characterised in that tf823%5anic acid is enployed in a nol ar
guantity of Hetween (RO8Eessd@ ttihmemarhe awiare quad i]:.tq;wdﬁr tdfenriet@:l

al cohol ate. 4etal okiQE8SS é’&&&fcﬂiﬁ@ 8 ARYiONe e Oc élg F’»
e co yS|s t he

characterised 1In hat In orde to carry out
.netal al cohoMmat&l ‘Wa?‘élﬂ"]a%'beﬁ h&S o?@éﬁ%%daﬁPBraFgalﬁaﬁé'@réée tadduce a

honpgenegus rahd ut&@hpafelysnyclleatdmlt&gl@ﬁt_ 8n the @§6ﬁ§ea©¢:0rd?ﬂ ng to
any one of C a| 1lto _.Characteri e netal al cohol ates

din,t
ST ompl oyed TIEATNE it SPASAIHEN BOEG| EEFBrELECREEPAR (et Vb 16 05 and
1 nole of al cali®@atleeper litre, and water is enployed in the formof an

al cohol i ¢ solytion ofpvater. CQQ&@%&’LH@ ket eeN O 1 gﬂaga@e ?'sls%g V@@t er per

litre. 25 rocess according-to any one of
char act eri sedthat t4he qQugania scig d(ﬂw(ﬂei{eég-%i Exon aarhexylon Adsiol at es

of rareqgartiy metals ﬁ&é)sfs r&icﬁiﬁdﬂ{ﬁ YO Wi .1 Idd %nQHa\ééﬁtéﬂ%é%e“ odi ¢

Tabl e of the el enents. 7 net al . oxi wder s

consi sting of dRak atll}‘? %ﬂ%‘h‘eﬁ% J&a@&%%@%@ &}% At Pt ween
0.05 and 2 nmaf apetwesn 0000BI ahd i3n ikt aSee ofio athgpantitle oFf tHee
powder and in trlﬁ ceh(;l ch netal oxide of which it consists, the

fol | owi ng expressmns W3 verified: [err] and
. Process according to any one of Claims 1 to 3,

15 characterised in that, in order to carry out the
cohydrolysis, the metal alcoholates, water and the
organic acid are mixed so as to produce a homogeneous
mixture before nucleation begins.

5. Process according to any one of Claims 1 to 4,

20 characterised in that the metal alcoholates are employed
in the form of alcoholic solutions containing between
0.05 and 1 mole of alcocholate per 1litre, and water is
employed in the form of an alcoholic solution of water
containing between 0.1 and 3 moles of water per litre.

25 6. Process according to any one of Claims 1 to 5,

§~/ characterised in that the metal alcoholates are selected
from alcoholates of rare-earth metals and of metals of
groups II, III and IV of the Periodic Table of the
elements.

30 7. Mixed metal oxide powders consisting of
crystallised spherical particles whose diameter is
between 0.05 and 2 micrometres, in which, in the case of -
each particle of the powder and in the case of each metal
oxide of which it consists, the following expressions are

35 verified: '

| lRl—Rz ‘s. 0.30

R,

and -

| UL



- 15 - [err] in which 5 [err] is the nean nolar ratio of each netal
oxide to the sumof the netal oxides in the powder R2 is the nean nol ar
ratio of the same netal oxide to the sumof the netal oxides in a particle
of the powder 10 R3 is the nolac ngtio of the same netal oxide to
the sumof the netal oxides in any zone of 0.1 mcronetre dianeter in the
particle. 8. Powders according to Claim?7, characterised in that the
motar ratios [err] a dR[_f_eﬁr]<aroe3%|ch that 15 [err] and/or 20
[err] 9. Povvderrs] aécording to Claim?7 or 8, characterised in that the
met al oxides are netal—ogrdes selected fromthe netals of the rare-earths
group and the netals_of 28 groups IIl, Ill and IV of the Periodic Table
.of the el enent® whgch Powders according to Claim9, characterised in
tP h\% t-heysconéI ain ??twwhdﬁe&?ﬁréaﬁa@kgt?fn ?'fremm I*Ealtmi %&gq@to %f;e_ g
owder s accordi ng to_an e o al Ny Q capabl e of being obtaine
R Ines BB

by a process in act8fd petaly oxides 18

R, is the mean molar ratio of the same metal oxide to
the sum of the metal oxides in a particle of the
powder '
10 R; is the molar ratio of the same metal oxide to the

sum of the metal oxides in any zone of 0.1
micrometre diameter in the particle.

N 8. Powders according to Claim 7, characterised in

that the molar ratios R;, R, and R, are such that

Rl
and/or
20
R,
- 9. Powders according to Claim 7 or 8, characterised

in that the metal oxides are metal oxides selected from
the metals of the rare-earths group and the metals of

o/ 25 groups II, III and IV of the Periodic Table of the
elements.
10. Powders according to Claim 9, characterised in
that they contain between 75 and 98 mol% of zirconium
oxide.
30 11. Powders according to any one of Claims 7 to 10,

capable of being obtained by a process in accordance with
any one of Claims 1 to 6.

* c L M 13 *



