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(57) Abstract: The invention relates to a process for preparing clear aqueous solutions of silicates, remaining stable at 20°C on
storage for at least 6 months, containing 20% to 40% by weight S10,, 10% to 20% by weight M,0O, where M 1s a cation from the
group consisting of Li", Na", K" and NY4" and Y is an alkyl or alkenyl radical having 1 to 6 C atoms, 0.5% to 6% by weight Al,Os
and 100% by weight water, by mtroducing an aqueous solution of a silicate of the general formula M,0O x nS10,, m which M 1s a
cation from the group consisting of Li", Na", K™ and NY4", and where Y is an alkyl or alkenyl radical having 1 to 6 C atoms, and n
1s a number 1 the range from 1 to 5, and metering in an aluminium compound in such a way that the viscosity ot the reaction mix-
ture remains below 10 000 mPas, and the reaction being carried out in a temperature range from 20 to 140°C, with the proviso
that, following the metered addition of the total amount of the aluminium compound, the reaction mixture 1s cooled to room tem-
perature as soon as the reaction mixture 1s clear.

(57) Zusammenfassung: Die Erfindung betrifft emn Verfahren zur Herstellung klarer, be1 20°C mindestens 6 Monate lagerstabiler,
wassriger Losungen von Silikaten enthaltend 20 bis 40 Gew.-% S10,, 10 bis 20 Gew.-% M,0, wobel M ein Kation aus der Grup-
pe Li", Na’, K", NY4" ist und Y einen Alkyl- oder Alkenylrest mit 1 bis 6 C-Atomen bedeutet, 0,5 bis 6 Gew.-% Al>Os und 100
Gew.-% Wasser, wobel man eine wassrige Losung emes Silikates der allgememen Formel M,0O x nS10,, worin M ein Kation aus
der Gruppe Li", Na*, K*, NY4" ist und wobei Y einen Alkyl- oder Alkenylrest mit 1 bis 6 C- Atomen und n eine Zahl im Bereich
von 1 bis 5 bedeutet, vorlegt und eine Aluminiumverbindung derart zudosiert, dass die Viskositdt der Reaktionsmischung unter-
halb von 10.000 mPas bleibt und wobel man die Reaktion in einem Temperaturbereich von 20 bis 140 °C durchfiihrt, mit der
Maligabe, dass man die Reaktionsmischung nach Zudosierung der Gesamtmenge der Alummiumverbindung aut Raumtemperatur
abkiihlt, sobald die Reaktionsmischung klar ist.



CA 02776518 2012-04-03

WO 2011/042132 PCT/EP2010/005961
- 1 -

"Aluminum-containing waterglass solutions"

Field of the invention

The 1invention relates to clear solutions of alkali
metal silicates (water glasses) which have an aluminum
content of at least 0.5% and are stable on storage in
the long term, and also a process for preparing these

solutions.

Prior art

To a person skilled 1n the art, the term water glass
refers to vitreous, water-soluble alkali metal
silicates (i1.e. alkali metal salts of silicic acids)
solidified from the melt, or viscose agqueous solutions
thereof. In water glass, from 1 to 5 mol of SiQ, are
typically present per 1 mol of alkali metal oxide (Alk,O
- where Alk represents the alkali metals lithium,
sodium and potassium), which is why sodium and
potassium water glasses are usually also characterized
py the ratio %Si0,; to %alkali metal oxide. Water glasses
are thus chemically alkali metal silicates having a
molar ratio (MR) of Si0O; to Alk;0 in the range from 1 to
O, where this molar ratio is the molar ratio of the
puilding blocks SiO; and Alk,0 constituting the alkali

metal silicate. They contain oligomeric silicate anions

with alkali metal cations as counterions.

Water glasses 1n the pure state are colorless glasses

which form colloidal clear, alkaline solutions with
water at elevated temperature and pressure. Water glass
1s usually prepared by melting silica sand with sodium
carbonate or potassium carbonate at from 1400 to
1500°C, with the silica driving off the CO,. The
solidified melt 1is either sold commercially in the
milled state or is converted into an agqueous solution

of the desired concentration. Aqueous solutions have
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the advantage of better applicability 1n a range of

different fields of use.

Liquid water glass solutions, i.e. aqueous solutions of
alkali metal silicates, are produced 1industrially from
solid alkali metal silicate lumbar glass by pressure
dissolution of the latter in water in autoclaves. As an
alternative, sand can also be directly hydrothermally
dissolved 1n concentrated alkali metal hydroxide

solution, but only solutions having a low MR can be

obtalined.

As 1s known to those skilled in the art, a melt of
alkali metal silicate 1is firstly formed 1in the
preparation of water glass 1in a melting furnace, and
this melt solidifies on cooling to room temperature to
form glass pileces (known as lumbar glass). These glass
pleces are 1industrially dissolved in water in pressure
autoclaves, usually at elevated temperature, for
instance at about 120°C (known as the dissolution

process). Industrial water glass solutions usually have
a solids content of from about 30 to 50% by weight.

Industrial water glasses are generally not prepared
using very pure quartz as Si0O, raw material source
pbecause of the lack of availability in large quantities
but 1nstead are produced using sand, and technical-
grade water glass solutions therefore usually contain
Craces of particular metals. Commercial water glass
solutions therefore contain, regardless of the
production route, metallic impurities due to the raw
material, with these impurities being present in total
amounts below 0.3% and in the case of aluminum below
0.2%, wusually significantly below, in clear, storage-
stable aqueous solutions; as usual, these percentages
are percent by weight of the respective metal oxide
based on the total aqueous solution of the alkali metal

silicate. The reason why the content of "metallic
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impurities" 1n water glasses 1s only so low 1s that
only "pure" alkalili metal silicates are water-soluble
and only very small proportions of two- or three-valent
metal cations form water-insoluble compounds. Since
proportions of 1nsoluble material would 1interfere 1n
virtually all applications because of their tendency to
separate out, they are separated off 1in 1industry by
sedimentation, centrifugation or filtration in order to

obtain c¢lear, transparent storage-stable water glass

solutions.

It 1s also generally known that water glass solutions
react very sensitively to addition of even small
amounts of aluminum-containing solutions, wusually by
immediate gelling and delayed precipitation of solids.
There 1s therefore an in-principle difficulty when the
content of aluminum in water glass solutions is to be
set to a value above about 0.2-0.3% (percent by weight
cf Al,0; based on the total agueous solution of the
alkall metal silicate). This has been confirmed in in-
house tests by the applicant. Here, the applicant has
found that an attempt to carry out a direct synthesis
of clear aqueous alkali metal silicate solutions having
a relatively high aluminum content from the inexpensive

raw materials sand, NaOH and an aluminum source by the

hydrothermal production route is also unsuccessful.

Mixtures of water glass solutions with aluminate
solutions are used industrially to prepare

aluminosilicates as amorphous molecular sieves or
crystalline zeolites. This illustrates, from another
perspective, the abovementioned difficulty of producing
clear water glass solutions having an elevated aluminum
content. Studies by the applicant have confirmed that
combining water glass solutions wilth aluminate
solutions leads to precipitation or c¢rystallization,
with the 1liquid phase being depleted in aluminum so

that an alkali metal silicate solution having virtually
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no Al content remains as mother liquor after the

precipitation 1s complete.

Mitra, Transaction Ind.Ceram.Soc, Vol XXXI 1972, p.31ff
describes Alk/Si/Al variations within a wide range,
dilutions and temperatures in the range 0-95°C, but
with the result that all mixtures gel or become turbid

after not more than 24 hours.

In American Mineralogist, V64, 1979, p.172ff, Ueda
indicates that clear solutions of aluminates 1n water
glass solutions can also exist but with the restriction
that this is possible only at Al,03/Si0, ratios in the
range from 1:70 to 1:320, which for a conventional
water glass solution having an alkali metal silicate
solids content of 40% by weight mathematically means
that Al,03; can be present i1n a maximum amount of 0.4% by
weight. This prior art thus confirms to a person
skilled in the art the known fact that it 1is extremely
difficult to prepare clear aqueous solutions of alkali
metal silicates (water glasses) which have an
appreclable aluminum content and are stable on storage
in the long term and do not gel and indicates that it
could be possible to prepare such solutions having a

maximum aluminum content of at most 0.4% by weight.

Description of the invention

It was an object of the present invention to provide
clear aqueous solutions of silicates (water glasses)
having an aluminum content of at least 0.5% by weight
(3 by weight of Al,03 based on the total aqueous
solution of the silicate). The solutions should be
storage-stable for a period of at least six months at
20°C, i.e. remain <clear and not gel or form

preclpitates within this period of time.
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The applicant has now been able to achieve the stated

object even though the prior art indicates that this 1is

extraordinarily difficult 1f not virtually impossible.

The 1invention firstly provides a process for preparing

clear aqueous solutions of silicates (water glasses)

which contain
e from 20 to 40% by weilight of Si0gy,
e from 10 to 20% by weight of M0, where M 1s a cation

selected from the group consisting of Li*, Na*, K,

NYs* and Y is an alkyl having from 1 to © carbon atoms

or alkenyl radical having from 2 to © carbon atoms,
e from 0.5 to 6% by welght of Al203 and

¢ water

and are stable on storage at 20°C for at least six

[

months,

whereln

¢ an agqueous solution of a silicate (water glass) of
the general formula M0 x nSiO2, where M is a cation
selected from the group consisting of Li*, Na*, K%,
NYs* and Y is an alkyl having from 1 to © carbon atoms

or alkenyl radical having from 2 to © carbon atoms

and n 1is 1in the range from 1 to 5, 1s placed 1in a
reaction vessel and

¢ an aluminum compound 1s 1ntroduced 1n such a way that
the viscosity of the reaction mixture remains below
10 000 mPas and the reaction 1s carried out 1n a

temperature range from 20 to 140°C,

e with the proviso that the reaction mixture after
introduction of the total amount of the aluminum
compound 1s cooled to room temperature as soon as the

reaction mixture 1s clear.

The viscosility 1ndicated 1s measured under reaction

conditions and reaction temperature 1n accordance with
ISO 12058~-1.

The reaction is preferably carried out with stirring.
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The - Al-containing silicate solutions which can Dbe
obtained by the process of the 1nvention are preferably
set to a viscosity of at least 100 mPas and 1n
particular a viscosity 1in the range from 100 to
1000 mPas (the wviscosity reported 1s 1n each case the
viscosity of the silicate solutions as such at 20°C,
measured by the method of ISO 12058-1). The viscosity
1s set essentially by selection of the concentrations

of the reactants.

The process of the 1nvention guarantees that the
aqueous aluminum-containing silicate solutions obtained
are composed of a single component and are clear, do
not gel and remain clear and do not form a sediment and
retain this behavior over a period of at least six
months at 20°C, which 1is a really excellent storage
stability, despite their high aluminum content. This

can be considered to be extraordinarily surprising in

view of the prior art cited.

The reaction 1s particularly preferably carried out in
the temperature range from 50 to 110°C and in
particular from 60 to 80°C. The temperature range from
60 to 80°C guarantees silicate solutions which are
particularly storage-stable in the long term.

As 1ndicated, the critical step of the process of the
invention 1s to place an aqueous solution of a silicate
(water glass) as defined above in a reaction vessel and
lntroduce an aluminum compound in such a way that the
viscosity of the reaction mixture remains Dbelow
10 000 mPas. This indicates that the rate of addition
of the aluminum source 1s a very important parameter.
If the aluminum source 1s added too quickly with the
result that the viscosity of the reaction mixture
eXxceeds the wvalue 1i1indicated, clear solutions which are
storage-stable 1n the long term are not obtained. The
aluminum source must therefore, according to the

process of the 1nvention, be introduced only at such a
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rate that the viscosity of the reaction mixture

continually remains below 10 000 mPas. The aluminum

source 1is preferably introduced at such a rate that the

viscosity of the reaction mixture remalins below
1000 mPas.

The nature of the silicates (water glasses) used is not
critical per se. Preference 1is given to using alkali
metal silicates, 1.e. compounds M;O x nSiO;, in which M
is a cation selected from the group consisting of LiT,
Na’ and K" and n is in the range from 1 to 5. Preference
1s given to using alkali metal silicates in which n 1is
in the range from 1 to 3 and in particular from 1.6 to
2.8. Very particular preference 1s given to using

sodlium silicate.

The aluminum source 1s not critical per se. Preference
1S given to wusing 1onic aluminum compounds and 1in
particular inorganic aluminum salts as aluminum source
(referred to above as "aluminum compounds"). Examples
are aluminum hydroxide, aluminum oxide, sodium aluminum

dioxide and alums.

Aluminum hydroxide 1is very particularly preferred as
aluminum source for the purposes of the present
invention. It can, firstly, be used in solid form, in
which case 1t has to be present in finely divided form

having a particle size below 1 um.

However, 1t 1s preferably used 1in the form of an
aqueous solution (aluminate solution). Here, particular
preference 1s given to using aluminate solutions having
an aluminum content 1in the range from 10 to 22%
(percentage 1ndicated 1s percentage by weight of Al1,0;
pased on the totality of the aqueous aluminate

solution).
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As indicated above, the reaction mixture after
introduction of the total amount of the aluminum
compound 1is cooled to room temperature (which for the
present purposes means a temperature range from 5 to
30°C and in particular from 20 to 25°C) as soon as the
reaction mixture 1s clear. This 1s an 1mportant feature
for the success of the process. In practice, thilis means
that the reaction mixture generally becomes turbid
during the addition of the aluminum source to the
initially charged water glass solution. As soon as the
total amount of the aluminum compound has been
introduced, 1t i1s 1mportant that the reaction mixture
be checked optically (site monitoring) to determine
when 1t becomes clear. As soon as 1t becomes clear,
cooling 1s commenced. The point 1in time when the
reaction mixture Dbecomes clear can depend on the rate
of i1ntroduction of the aluminum source and the reaction
temperature. Should 1t not occur at the end of the
addition of the aluminum source or shortly afterwards,
the reaction mixture 1is simply stirred further at the

previous reaction temperature until it becomes clear,

after which it is cooled.

The cooling of the reaction mixture, as indicated after

complete addition of the aluminum source, is preferably

carried out l1mmediately after it has become clear.

In an embodiment, the aqueous solutions of silicates

(water glasses) contain

e from 25 to 35% by weight of SiO0,,

¢ from 12 to 16% by weight of Alk;0, where Alk 1is
lithium, sodium or potassium, and

e from 0.5 to 3% by weight of Al,0;.

In a further embodiment, the aqueous solutions of
silicates (water glasses) contain

¢ from 25 to 35% by weight of SiO,,
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e from 12 to 16% by weight of Alk;0, where Alk 1s
lithium, sodium or potassium, and

from 1.0 to 2.5% by weight of Al:20s.

_B

The solids content of the Al-containing aqgqueous

solutions of silicates (water glasses) according to the

invention 1s preferably 25-50% by weilight and 1in

particular 35-45% by weilght.

The invention further provides, firstly, clear agueous

solutions of silicates (water glasses) which contailn
e from 20 to 40% by weight of Si0y,
e from 10 to 20% by weight of M0, where M 1s a cation

P

selected from the group consisting of Lit*, Na*, K%,

NYs* and Y 1s an alkyl having from 1 to 6 carbon atoms

or alkenyl radical having from 2 to 6 carbon atoms,
e from 0.5 to 6% by weight of Al203 and
¢ water
and are stable on storage at 20°C for at least six

months,

whereln these solutions can be obtalned by

e placing an aqueous solution of a silicate (water

glass) of the general formula MO x nSi02, where M 1is

Nat, K*, NY4* and Y 1s an alkyl having from 1 to 6

i 13

a cation selected from the group consisting o:

carbon atoms or alkenyl radical having from 2 to 6

carbon atoms and n 1s in the range from 1 to 5, in a

reaction vessel and

¢ introducing an aluminum compound 1in such a way that

the viscosity of the reaction mixture remains below

10 000 mPas and carrying out the reaction 1n the

temperature range from 20 to 140°C,

e with the proviso that the reaction mixture after

g

introduction of the total amount of the aluminum

compound 1s cooled to room temperature as soon as the

reaction mixture 1s clear.

The Al-containing silicate solutions which can be

obtained by the process of the 1nvention can be used 1n
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a variety of fields of wuse. Examples are: fire

retardant coatings, auxiliaries for agglomeration,

coating agents for pigments, inorganic adhesives.
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Examples
Abbreviations:
DI water = deionized water

SC = solids content
WR = weight ratio of Si0O, / alkali metal oxide 1n alkalil

metal water glasses

Examples according to the invention

Example 1:
400 g of sodium water glass 60 (46% SC, WR=2) (from
Cognis) were placed in a 500 ml stainless steel

pressure bomb, stirred by means of a magnetic stirrer
bar and 10 g of aluminum hydroxide KB30 (from Alcoa)
were sprinkled into the stirred vessel. The bomb was
closed so as to be pressure-tight and was heated to
120°C on a hotplate. After 120°C had been reached, the
bomb was immediately cooled back down to room
temperature and the slightly opaque solution was
filtered through a 50 um sieve to give a clear
transparent solution.

Analysis: 30% of S10; 14.5% of Na,O 1.3% of Al,05

Example 2:

200 g of sodium water glass 48/50 (45% SC, WR=2.7)
(from Cognis) were mixed with 30 g of 50% sodium
hydroxide solution (Fluka) by means of a magnetic

stirrer bar in a conical flask to give a clear streak-

free solution. 7 g of finely divided aluminum hydroxide
(Apyral 200SM, from Nabaltec) were sprinkled 1nto the
stirred vessel. The white, turbid mixture was heated to
100°C under reflux by means of a hotplate. A virtually
transparent mixture was formed within half an hour.
After cooling to room temperature, the mixture was
filtered through a 50 um sieve.

Analysis: 28% of S10; 15% of NayO 1.8% of Al;,05
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Example 3:

135 g of Portil A (sodium water glass powder 80% SC,
WR=2) (from Cognis) and 100 ml of DI water were mixed
by means of a magnetic stirrer bar in a conical flask
to give a suspension. 4 g of finely divided aluminum
hydroxide (Apyral 200SM, from Nabaltec) were sprinkled
into the stirred vessel. The white turbid mixture was
heated to 100°C under reflux by means of a hotplate. A
virtually transparent mixture was formed within half an
hour. After cooling to room temperature, the mixture

was filtered through a 50 pum sieve.
Analysis: 31% of S510; 15.5% of Na,yO 1% of Al,0;3

Example 4:
200 g of sodium water glass 48/50 (45% SC, WR=Z2.7)

(from Cognis) were mixed with 30 g of 50% sodium
hydroxide solution (Fluka) by means of a magnetic
stirrer bar in a conical flask to give a clear streak-
free solution and heated to 40°C. 50 g of sodium
aluminate solution (Gecedral, from Giulini) were
introduced dropwise 1into the stirred vessel over a
period of 1 hour. The mixture, which was turbid because
of gel particles, was heated to 80°C. A transparent

mixture was formed within 1 hour. After cooling to room

temperature, the mixture was filtered through a 50 um
sieve.

Analysis: 28% of S10; 15.5% of Naz;O s of Al,03

Example 5:
200 g of sodium water glass 50/52 (48% SC, WR=2.4)

(from Cognis) were placed 1n a conical flask and 40 g
of a sodium carbonate/water mixture (50% SC, from
Solvay) were added dropwise and mixed by means of a
magnetic stirrer bar and heated to 50°C. 26 g of sodium
aluminate solution (38%, from Nordisk) were 1ntroduced
dropwise 1into the stirred vessel over a period of
1 hour. The mixture was then heated to 80°C. A

transparent mixture was formed within 15 minutes. After
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cooling to room temperature, the mixture was filtered

through a 50 um sieve.

Analysis: 28% of S10; 12.5% of Naz0 2% of Al,03

Example 6:

170 g of sodium water glass 50/52 (48% SC, WR=Z.4)
(from Cognis) were mixed with 30 g of potassium water
glass 54 (52% SC, WR 1.42) by means of a magnetic
stirrer bar in a conical flask to give a clear streak-
free solution and heated to 40°C. 22 g of sodium
aluminate solution (Gecedral, from Giulini) were
introduced dropwise 1into the stirred vessel over a
period of 1 hour. The mixture, which was turbid because
of gel particles, was heated to 80°C. A transparent
mixture was formed within half an hour. After cooling
to room temperature, the mixture was filtered through a
50 um sieve.

Analysis: 30% of SiO, 10.5% of Na,0O 3% of KO 1.9% of Al,05

Example 7:

30 g of sodium aluminate solution (aluminlO; from
Remondis) and 20 g of water were placed 1in a glass
beaker and heated to 40°C while stirring by means of a
metal blade stirrer. 200 g of sodium water glass 54/56
(55% SC, WR 2.05) were added dropwise over a period of
30 minutes. The mixture was heated to 80°C. A
transparent mixture was formed within 1 hour. After
cooling to room temperature, the mixture was filtered
through a 10 um filter.

Analysis: 30.5% of S10, 16% of Na-»O 2.6% of Al,03

Example 8:

75 g of DI water, 90 g of 50% sodium hydroxide solution
(Fluka), 5.5 g of lithium hydroxide hydrate (from FMC)
and 80 g of Kostrosolid 0403 (precipitated silica, from

Kostritz) were mixed by means of a magnetic stirrer Dbar
in a conical flask to give a suspension. 8 g of finely

divided aluminum hydroxide (Apyral 200SM, from
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Nabaltec) were sprinkled into the stirred vessel. The

white turbid mixture was heated to 100°C under reflux

by means of a hotplate. A virtually transparent mixture

was formed within half an hour. After cooling to room

temperature, the mixture was filtered through a 50 um

sieve.

Analysis: 30% of 310, 14% of Na,O 1.5% of Li, 0O 2.6% of Alx0O;

All solutions prepared in the precipitation examples
remain stable, without separation or crystallization,

during storage at room temperature.

Comparative examples

The two comparative examples C4-1 and C4-2 below serve

for comparison with the above example 4 according to

the i1nvention:

Comparative example C4-1

200 g of sodium water glass 48/50 (45% SC, WR = 2.7)
(from Cognis) were mixed with 30 g of 50% sodium
hydroxide solution (Fluka) by means of a magnetic
stirrer bar in a conical flask to give a clear streak-
free solution and heated to 90°C. 50 g of sodium
aluminate solution (Gecedral, from Giulini) were
introduced dropwise 1into the stirred vessel over a
period of 1 hour. The turbid mixture was heated at
100°C for 2 hours. The turbidity of the mixture did not
change to clear, and further stirring led to even more
turbidity. Owing to the filter becoming blocked, the
mixture obtained in this way could not be filtered even
through a 200 um sieve. After <cooling to room
temperature, the solution became whitish turbid on
being allowed to stand, and a white sediment began to

separate out after about three weeks.

Comparative example C4-2
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200 g of sodium water glass 48/50 (45% SC, WR = 2.7)

(from Cognis) were mixed with 30 g of 50% sodium

hydroxide solution (Fluka) by means of a magnetic

stirrer bar in a conical flask to give a clear streak-
free solution. 40 g of water were added to reduce the
viscosity. 60 g of sodium aluminate solution (Gecedral,
from Giulini) were introduced dropwise into the stirred
vessel over a period of 1 hour. The turbidity of the
mixture did not change to clear, neither as a result of
further stirring nor as a result of filtration or
heating. The whitish turbid dispersion tended ¢to

separate after only days.
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1. A process for preparing clear aqueous solutions of

silicates (water glasses) which contain
e from 20 to 40% by weight of S102,
e from 10 to 20% by weight of M0, where M 1s a

cation selected from the group consisting of Li7,
Nat, K*, NY4t and Y 1s an alkyl having from 1 to ©
carbon atoms or alkenyl radical having from 2 to

6 carbon atoms,

e from 0.5 to 6% by weight of Al;03 and

® water

and are stable on storage at 20°C for at least six
months,

whereiln

® an agueous solution of a silicate (water glass)

of the general formula M0 x nSi0O, where M 1s a

cation selected from the group consisting of Li7,
Na*, K*, NYs* and Y 1s an alkyl having from 1 to ©

carbon atoms or alkenyl radical having from 2 to
© carbon atoms and n is in the range from 1 to
5, 1s placed in a reaction vessel and

e an aluminum compound 1is introduced 1n such a way

that the viscosity of the reaction mixture

remains below 10 000 mPas and the reaction 1s
carried out 1in a temperature range from 20 to
140°C,

e with the proviso that the reaction mixture after
introduction of the total amount of the aluminum
compound 1s cooled to room temperature as soon

as the reaction mixture 1s clear.

2 . The process as claimed in claim 1, wherein M 1is a
cation selected from the group consisting of Li7,
Na*, K=.

3. The process as claimed 1n claim 1, wherein M 1is

the cation Na*t and the sodium silicate used 1n the
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reaction has the formula Na20 x nSi0O;, where n 1is

in the range from 1.6 to 2.8.

4, The process as claimed in claim 1 or 2, wherein

the aluminum compound 1is aluminum hydroxide.

5. The process as claimed 1n claim 4, whereln the

aluminum hydroxide 1s used in the form of a powder

whose particle size is below 1 um.

6 . The process as claimed 1n claim 4, wherein the
aluminum hydroxide 1s wused 1in the form of an

agueous solution.

7. The process as claimed in any of claims 1 to 5,
wherein the reaction 1s carried out 1n the

temperature range from 60 to 80°C.

8. The process as claimed 1in any of claims 1 to 6,
wherein the aluminum compound 1s 1ntroduced 1in
such a way that the wviscosity of the reactilon

mixture remains below 1000 mPas.

9. A clear aqueous solution of silicates (water

glasses) which contain

e from 20 to 40% by weight of Si02,

e from 10 to 20% by weight of M0, where M 1s a

cation selected from the group consisting of Lit,

Na*, K*, NYq4* and Y 1s an alkyl having from 1 to 6

carbon atoms or alkenyl radical having from 2 to

6 carbon atoms,
e from 0.5 to 6% by weight of Al;03 and
® water
and are stable on storage at 20°C for at least six
nmonths,
wherein this solution 1s obtained by

e placing an agqueous solution of a silicate (water

glass) of the general formula M0 x nSi102, where
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M is a cation selected from the group consisting

of Li*, Na*, K*, NY4" and Y 1s an alkyl having

from 1 to 6 carbon atoms or alkenyl radical

having from 2 to 6 carbon atoms and n 1s 1n the
range from 1 to 5, 1in a reaction vessel and

¢ introducing an aluminum compound 1n such a way
that the viscosity of the reactlion mixture

remains below 10 000 mPas and carrying out the

reaction in the temperature range from 20 to
140°C,

e with the proviso that the reaction mixture after
introduction of the total amount of the aluminum
compound 1s cooled to room temperature as soon

as the reaction mixture 1s clear.
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