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The subject of the invention is the manufacture
of vitreous metal oxides. .

A process for manufacturing vitreous metal oxides
according to which a metal alcoholate is subjected to
hydrolysis is known. This known process is commonly
called "sol-~gel process" (TREATISE ON MATERIALS SCIENCE

S. SAKKA: "Gel Method for Making Glass", pages 129 to
167). It generally involves the hydrolysis being carried
out in an acid medium, in order to avoid a precipitation
of the metal oxide (ibid. page 132); the production of
high acidity in the reaction medium (pH between 1 and
2.5) by the addition of inorganic acids such as hydro-
chloric acid or nitric acid (Patent US-A-4,476,156,
column 4, line 65 to column 5, line 1) is recommended.

Vitreous lead titanate has been manufactured by

means of a process in which titanium isopropoxide was
first reacted with lead acetate dissolved in methoxy-
ethanol, the resulting alcoholate was dissolved in
methoxyethanol and it was subjected therein to hydrolysis
using a solution of methoxyethanol and water containing
nitric acid (Ultrastruct. Process. Ceram. Glasses,
Compos. (Proc. Int. Conf. (1984), pages 152-160)). In
this known process, the solution of methoxyethanol and
water employed contained 0.002 mol HNO,/mol of water; the
strict requirement to employ more than 0.0005 mol HNO,/mol
of water is stressed (page 155).

The presence of strong inorganic acids in the
reaction medium is a source of disadvantages. It is
especially a source of impurities in the metal oxide
glass, which have an adverse effect on its transparency.
In the case where the vitreous metal oxide is formed in
situ on a substrate, the inorganic acid is 1likely to
cause corrosion of the substrate. Moreover, the presence
of inorganic acid involves the material used for the
hydrolysis reaction being made of expensive materials,
which are resistant to corrosion by acids.
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The invention remedies these drawbacks by provid-
ing an improved process for the manufacture of vitreous
metal oxides which makes it possible to avoid the use of
inorganic acids. In fact, it has been found that by
making a judicious choice of alcoholate, it is possible
to avoid the use of an inorganic acid without impairing
the properties of the vitreous metal oxide.

Consequently, the invention relates to a process
for the manufacture of vitreous metal oxides in which a
metal alcoholate is hydrolysed; according to the inven-
tion, an alcoholate derived from an alcohol the pKa of
which is less than 15.74 is employed, and the hydrolysis
is carried out with an aqueous medium the pH of which is
greater than 1.5.

In the process according to the invention, metal
alcoholate denotes any compound in which a metal is
linked to at least one hydrocarbon group through an
oxygen atom. '

According to the invention, the alcoholate is
chosen from amongst those deriving from an alcohol the
pKa of which is less than 15.74 which is the generally
agreed value for the pKa of pure water (W. HUBER -
"Titrations in nonaqueous solvents" -~ 1967 - Academic
Press. - page 220, table 1.9).

Preferred alcoholates are those which derive from
alcohols, the pKa of which does not exceed 15.25, values
between 12 and 15 being especially recommended.

Notwithstanding the above condition relating to
pKa, all alcohols may be suitable for the preparation of
the metal alcoholate. Within the scope of the invention,
it is appropriate to give the term alcohol a quite
general meaning, to include (unsubstituted and partially
or totally substituted) phenols as well as unsubstituted
or partially or totally substituted, unsaturated or
saturated, cyclic or straight-chain aliphatic alcohols.
Aliphatic alcohols such as, for example, trifluoro-
ethanols are especially recommended.
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Advantageous alcohols according to the invention
are those derived from compounds of general formula:

R - 0 - R'CH

in which R and R’ denote hydrocarbon groups.

Alkoxy alcoholates such as, for example, methoxy-
ethanolates are especially recommended.

The hydrolysis serves for decomposing the alcoho-
late with water, to produce the hydrated metal oxide and
an alcohol according to the following reaction mechanism:

M(OR), + nH,0— M(OH)_ + nROH
M(OH),— MO,,, + n/2 H0

in which M and R denote a metal and a hydrocarbon group
respectively. '

According to the invention, an agqueous medium the
pH of which is greater than 1.5 is employed for the
hydrolysis.

The aqueous medium may be water as such, for
example a -natural water or an industrial water which has,
if required, undergone conditioning treatment such as
clarification, softening, deionisation or distillation
treatment. It may, if required, contain additives such as
inorganic acids, especially strong acids such as nitric,
hydrochloric, phosphoric and sulphuric acids, However,
where appropriate, the concentration of inorganic acid in
the aqueous medium must be adjusted so that its pH
remains greater than 1.5, preferably at least equal to or
greater than 2. In the case where the aqueous medium
contains strong inorganic acids it is recommended that
these are in quantities less than 0.002 mol per mol of
water in the aqueous medium, quantities 1less than
0.0005 mol per mol of water being recommended. All other
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things being equal, it is preferred to carry out the
hydrolysis in the absence of a strong inorganic acid. As
a variant, the hydrolysis may be carried out, if re-
quired, in a basic medium.

The hydrolysis is carried out under conditions
which are adjusted so as to cause gelling of the metal
oxide and avoid precipitation. It makes no difference
whether it is carried out with an excess or with a
deficit of water relative to the quantity strictly
required to decompose the entire amount of alcoholate. As
a general rule, the optimum quantity of water which it is
appropriate to use depends on various parameters, espe-
cially on the metal alcoholate chosen and on the form
sought for the gel which may, for example, be produced in
the form of a gelled mass, of fibres or of a film.

The gel collected at the end of the hydrolysis is
subjected, in a manner known per se, to a thermal treat-
ment appropriate for converting it into glass. The con-
ditions for the thermal treatment, especially the tem-
perature and the duration, depend on various parameters
such as the nature of the metal oxide to be produced and
the form sotght for the gel. These conditions must be
worked out for each particular case, by a routine labora-
tory procedure.

According to one particular embodiment of the
process according to the invention, it proved advant-
ageous to employ the metal alcoholate and water for the
hydrolysis in the form of organic solutions which are
mixed in order to carry out the hydrolysis.

In this embodiment of the process according to
the invention, identical or different organic solvents
may be used for the alcoholate on the one hand, and for
the water on the other. In the case where the alcoholate
and water are dissolved in different organic solvents, it
is generally appropriate to choose miscible organic
solvents. Alcohols and their derivatives are generally
well suited, especially methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol and alkoxy alcohols
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The optimum levels of dilution of the alcoholate
and water in their respective organic solvents depend on
various factors, especially on the metal, the alcoholate,
the solvents, the working temperature and the form
desired for the gel; they must be determined for each
particular case by a routine laboratory procedure.

In the implementation of this embodiment of the
invention, it generally suffices to dissolve separately
the metal alcoholate and water in their respective
solvents and then to pour the organic solution of water
into the organic solution of the alcoholate.

In a particular procedure for carrying out this
embodiment of the invention, the organic solution of the
metal alcoholate is an alcoholic solution which is
obtained by dissolving an alccholate derived from an
alcohol the pKa of which is greater than 15.74 in an
alcohol the pKa of which is less than 15.74. In this par-
ticular embodiment of the invention, the alcohols with
pKa values less than and greater than 15.74 respectively
may belong to the class comprising unsubstituted phenols,
partially or totally substituted phenols and alcohols
containing unsubstituted or partially or totally sub-
stituted, saturated or unsaturated, cyclic or straight-
chain aliphatic groups. All other things being equal, it
is preferred to choose the alcohol, the pKa of which is
less than 15.74, from amongst ether-alcohols of general
formula:

R -0 - R'OH

in which R and R’ denote hydrocarbon groups.
Preferred ether-alcohols are those in which the
R and R’ groups are saturated aliphatic groups such as,
for example, methyl, ethyl, n-propyl, isopropyl, n-butyl
and isobutyl groups. Examples of such ether-alcohols are
ethoxyethanol, methoxyethanol and isobutoxyethanol.
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In the embodiment of the invention just described
the alcohol, the pKa of which is greater than 15.74, may
advantageously be chosen from amongst saturated aliphatic
alcohols.

In this embodiment of the invention, the degree
of dilution of the alcoholate in the alcohol the pKa of
which is 1less than 15.74 must be sufficient for the
hydrolysis to lead to gelling without precipitation of

- the metal oxide. In practice, however, there is no

advantage in using an excessive degree of dilution; the
optimum degreé of dilution depends on several parameters
among which are the metal, the alcohols, the working
temperature and the form sought for the gel. It must be
worked out for each particular case.

In the procedure for the embodiment of the
invention just described an organic solution of water is
prepared, an alcoholate derived from an alcohol the pKa
of which is greater than 15.74 is dissolved in an alcohol
the pKa of which is less than 15.74 and the organic
solution of water is poured into the alcoholic solution
of the alcoholate. _

An especially advantageous feature of the process .

‘according to the invention lies in the possibility of

carrying out the hydrolysis in the absence of an inor-
ganic acid, without risking precipitation.

The process according to the invention especially
finds a valuable application in the production of oxides
of metals of groups III a and b and IV a and b of the
Periodic Table of the Elements (American version adopted
by Chemical Abstracts), by the hydrolysis of the alcoho-
lates of these metals; it finds an especially advant-
ageous application in the production of glasses from
metal oxides which are difficult to vitrify which, in the
sol-gel processes prior to the invention, necessarily
involved the use of strong inorganic acids such as nitric
and hydrochloric acids. The invention is advantageously
applied in this way to the production of glasses formed
from zirconium oxide, aluminium oxide, boron oxide and
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from mixtures of these oxides with themselves or with
other metal oxides.

The few examples, the description of which
follows, serve to illustrate the invention.

In each of these examples, the following were
prepared separately:

- firstly, an organic solution containing at least one
metal alcoholate; and
- secondly, an organic solution of water.

The organic solution of water was then poured
into the organic solution of the alcocholate in a quantity
sufficient to form a hydrated metal oxide by the
hydrolysis of the metal alcoholate.

First series of trials (reference) _

Examples 1 and 2, the description of which
follows, relate to trials in which the organic solution
of the metal alcoholate was prepared exclusively from
alcohols, the pKa of which is greater than 15.74.
Example 1

The organic solution of the metal alcoholate was
obtained by diluting 0.1 mol of zirconium n-propoxide in
80 ml of ethanol. The operation was carried out under
moisture-free conditions, in a chamber maintained under
a dry nitrogen atmosphere. 4.82 ml of 70% nitric acid
were added to the resulting organic solution, so as to
obtain a molar ratio HNO,;/Zr equal to 0.75.

The organic solution of water was obtained by
diluting 3.4 ml of distilled water in 72 ml of ethanol.

The organic solution of water was poured into the
alcoholate solution which was maintained stirred, at
ambient temperature.

After 1 hour of maturing at ambient temperature,
the reaction medium coagulated in the form of a gel.
Example 2

The organic solution of the metal alcoholate
consisted of a 0.2 molar solution of zirconium n-butoxide
in ethanol, without inorganic acid.
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The organic solution of water consisted of a
0.7 molar solution of distilled water in ethanol.

The two solutions were mixed at 25°C, operating
as in example 1. After mixing for approximately 20
seconds, a precipitate appeared, without gel formation.

Examples 1 and 2 show that, in the case where the
metal alcoholate solutions are obtained from alcohols,
the pKa of which is greater than 15.74, a strong inor-
ganic acid must be added to it, for the hydrolysis to
give rise to the formation of a gel.

Second series of trials (according to the invention)

Examples 3 to 5, the description of which fol-
lows, relate to trials in which the organic solutions of
the metal alcoholates were prepared from alcohols, the
pKa of which is less than 15.74.

Example 3

The organic solution of the metal alcoholate was
obtained by dissolving =zirconium n-butoxide in 2,2,2-
trifluoroethanol (pKa = 12.37), at a rate of 0.2 mol of
zirconium n-butoxide per litre of solution.

The organic solution of water consisted of a
0.7 molar solution of distilled water in 2,2,2~trifluoro-
ethanol. Its apparent pH was determined by an electro-
chemical method using a glass electrode combined with an
Ag/AgCl electrode, of the Metrohm No. 6,024,100 model:
pH = 5.6

The organic solution of water was poured into the
organic solution of the alcoholate which was maintained
stirred, at 25°C.

After a maturing period of a few days at ambient
temperature in an open mould, the reaction mixture
coagulated in the form of a transparent gel.

Example 4 '

The organic solution of the metal alcoholate was
obtained by dissolving 0.1 mol of zirconium n-propoxide
in 80 ml of 2-methoxy-l-ethanol (pKa = 14.80), in a
reactor maintained under an anhydrous nitrogen atmo-
sphere.
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The organic solution of water was obtained by

‘dissolving 5.4 ml of distilled water in 72 ml of 2-

methoxy-l-ethanol. Its apparent pH was determined as in
example 3: pH = 8.2.

The entire amount of the organic solution of
water was poured into the organic solution of the alcoho-
late which was maintained stirred at ambient temperature.

After a maturing period of 15 minutes, the
reaction medium coagulated in the form of a transparent
gel.

Examples 3 and 4 show that, when an alcohol with
a pKa less than 15.74 is chosen for the organic solution
of the metal alcoholate, it is no longer necessary to add
an inorganic acid in order to obtain a gel by hydrolysis.
Example 5

The organic solution of the metal alcoholate was
obtained.by dissolving secondary butylate of aluminium in
2-methoxy-l-ethanol, at a rate of 0.5 mol of aluminium
butylate per litre of solution.

The organic solution of water was obtained by
diluting 0.4 ml of distilled water in 19.6 ml of
propanol. Its apparent pH was determined, as in
exémple 3: pH = 7.8. _

30 ml of the organic solution of alcoholate,
preheated to 60°C, were employed, and the entire amount
of the organic solution of water was added to it slowly.
The resulting mixture was poured into a mould which was
introduced into an oven in which a temperature of 60°C
was maintained. In the oven, the mould was kept open to
allow the solvents to evaporate. The reaction mixture
coagulated in the form of a transparent gel.
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_ CLAIMS
1. Process for the manufacture of vitreous metal
oxides, according to which a metal alcoholate is hydro-
lysed to form a gel, characterised in that an alcoholate
derived from an alcohol the pKa of which is less than
15.74 is employed, apd the hydrolysis is carried out with
an aqueous medium the pH of which is greater than 1.5.
2. Process according to Claim 1, characterised in
that an alcoholate derived from an alcohol the pKa value
of which is not greater than 15.25 is employed, and the
hydrolysis is carried out with an aqueous medium the pH
of which is at least equal to 2.
3. Process according to Claim 2, characterised in
that an alcoholate derived from an alcohol the pKa value
of which is between 12 and 15 is chosen.
4. Process according to any one of Claims 1 to 3,
characterised in that the metal alcoholate is chosen from
amongst the alcoholates of metals of groups III a and b
and IV a and b of the Periodic Table of the Elements
(American version adopted by Chemical Abstracts).
5. Process according to any one of Claims 1 to 4,
characterised in that the alcoholate is chosen f£from
amongst those derived from compounds of general formula:

R -0 - R'CH

in which R and R’ denote hydrocarbon groups.
6. Process according to Claim 5, characterised in
that the alcoholate is chosen from amongst alkoxy alcoho-
lates.
7. Process according to any one of Claims 1 to 6,
characterised in that, in order to hydrolyse the metal
alcoholate, an organic solution of water is poured into
an organic solution of the metal alcoholate.
8. Process according to Claim 7, characterised in
that the organic solution of the metal alcoholate is an
alcoholic solution.
9. Process according to Claim 8, characterised in
that, in order to employ the alcoholic solution of the
alcoholate, an alcoholate derived from an alcohol the pKa
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of which is greater than 15.74 is dissolved in an alcohol
the pKa of which is less than 15.74.
10. Process according to Claim 9, characterised in
that the alcohol the pKa of which is less than 15.74 is
chosen from amongst the ether-alcohols of general for-
mula:

R~0~-R'‘OH
in which R and R’ denote hydrocarbon groups.
11. Process according to Claim 10, characterised in
that an ether-alcohol in which the groups R and R’ are
saturated aliphatic groups is chosen and the alcohol the
pKa of which is greater than 15.74 is chosen from amongst
saturated aliphatic alcohols.
12. Process according to any one of Claims 9 to 11,
characterised in that an organic solution of water is
prepared, an alcoholate derived from an alcohol the pKa
of which is greater than 15.74 is dissolved in an alcohol
the pKa of which is less than 15.74, and the organic
solution of water is poured into the alcoholic solution
of the alcoholate.
13. Process according to any one of Claims 1 to 12,
characterised in that the hydrolysis is carried out with
water containing between 0 and 0.0005 mol of an inorganic
acid per mol of water.
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