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1. Title of Invention

Method for synthesis of lamellar solids from an
amino-alcohol-type organic structuring agent

2. Detailed Explanation of the Invention

Scope of the Invention

The invention relates to the scope of the preparation processes of lamellar solids
based on silicate, whereby the latter are also known under the name of lamellar solid of
phyllosilicate or lamellar silicate type. Silicate-based lamellar solids are defined as
compounds containing tetrahedrally c&ordinated stacked silicon (Si) layers (Si0O4).
Elements other than silicon Si can be present in the solid that is also in tetrahedral

position.

Prior Art

Among the lamellar silicates, it is possible to cite magadiite, natrosilite, kenyaite,
makatite, nekoite, kanemite, okenite, dehayelite, macdonalite and rhodesite.

These solids often exist in the natural state with a composition such as A,SiyO,
nH20, A that can be, for example, a sodium or potassium element. Such lamellar solids
arc, for example, NaySi 4029 9H20 for magadiite and Na;Siz041'10H,0 for kenyaite.
Such natural solids have the same composition as the synthetic solids. These solids often
have a three-dimensjonal structure, with Van der Walls-type interactions between the
leaves as well as a small specific surface area.

These solids have absorption and exchange properties that are advantageous.
These solids are particularly suitable for the adsorption of water or organic molecules as
well as for the surface cation exchange. Reccntly, lamellar silicates had been extensively
studied for their capacity to become an acidic solid by protonic exchange. In addition,
the introduction of columns into the interlamellar spaces makes it possible to create a

mesoporosity and to increase the specific surface area.
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It is known from WO 88/00091 to synthesize a bridged larellar silicate from a
lamellar silicate that consists of the synthesis magadiite by using an organic structuring
agent that is selected from among the benzyltriethylammonium chloride, benzyl-
trimethylammonium chloride, dibenzyldimethylammonium chloride, N,N’-
dimethylpiperazine, triethylamine, or other quaternary compounds or heterocyclic
amines.

It is also known from WO 91/12204 to synthesize a Kenyaite-type crystallized
silicate by using an organic compound that is selected from among an alkylamine, a
trialkylamine, a tetrallkylammonium compound, and a diamine trimethylhexamethylene-

diamine compound, whereby said alkyl has 1 to 12 carbon atoms.

Summary Description of the Invention

The invention relates to a process for synthesis of lamellar solids based on
silicates by using an organic structuring agent that comprises an alcohol group and an
amine group that are separated by a hydrocarbon chain.

The process for preparation of the invention is, relative to those exhibited in the
prior art, more economical and more effective, and it allows the production of lamellar

solids in a more reproducible manner.

Detailed Description of the Invention
This invention therefore relates to a process for synthesis of silicate-based

lamellar solids comprising;:
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1) a mixing stage, during which a mixture that comprises an alkaline metal M, a
silica source SiO,, water, an organic structuring agent A, and optionally
another metal X with tetrahcdral coordinance is prepared, and

ii) a crystallization stage during which this mixture is kept under conditions that
allow the formatjon of a crystalline solid, in which the organic structuring
agent comprises at least one alcohol group and at least one amine group that
are separated by a hydrocarbon chain.

Advantageously, the organic structuring agent comprises a single alcohol group
and a single amine group.

More preferably, the alcohol group is a terminal group of the organic structuring
agent. In the same way, the amine group is preferably a terminal group of the organic
structuring agent. Even more preferably, the two alcohol and amine groups are terminal
groups of the organic structuring agent.

The organic structuring agent preferably comprises 1 to 20 carbon atoms.

The hydrocarbon chain that separates the two amine and alcohol groups can
comprise a linear, cyclic or aromatic alkyl group, preferably cyclic or aromatic.

The organic structuring agent is preferably selected from the group that is formed
by the tyraminc, 4-aminophenol, trans-4-aminocyclohexanol and the 2-(4-amino-phenyl)-
ethanol.

The synthesis process comprises a mixing stage, during which a mixture that
comprises an alkaline metal, a silica source, water and an organic structuring agent is

prepared.
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Alkaline metal M that is incorporated in the stage for preparation of the mixture
can be lithium, potassium, sodium and/or calcium. The alkaline metal is preferably
sodium.

The silica source incorporated in the stage for preparation of the mixture can be
silicate, silica gel, colloidal silica and/or silicic acid.

In addition, a metal X with non-silicic tetrahedral coordinance is preferably
incorporated during mixing stage i).

More preferably, metal X is selected from the group that is formed by aluminum,
boron,. chromium, iron, gallium, indium, nickel, zirconium, cobalt, titanium, copper,
niobium and europium.

Even more preferably, metal X is aluminum.

Metal X can be incorporated into the mixture in an oxidized form XOn, or in any
other form, such as, for example: AL O3, AI(NO;)s, Co(CH;COO)g, Ti(EO)s,
Ni(CH;CO0),, Zn(CH;CO0),, Cu(CH3CO0);, Cr(CH3COO0),, Eu(CH;COO0),, Zr(OH),,
Na,;B407, Nb2Os.

The composition of the mixture that is obtained during stage i) can be described
as follows:

Si0, : x M'OH : y H,0 : z A, whereby

X is between 0 and 1, preferably between 0.1 and 0.6

y is greater than 10

1

z is between 0.05 and 3, preferably between 0.2 and |

The process for synthesis according to the invention comprises a crystallization
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stage during which this mixture is kept under conditions that allow the formation of a
crystalline solid.

The crystallization stage is generally of hydrothermal type. This stage can be
carried out according to any method that is known to one skilled in the art, preferably in
an autoclave. The reaction mixture can be vigorously stirred or not for the duration of the
crystallization stage.

Advantageously, during crystallization stage ii), the mixture that is obtained
during stage i) is heated to a crystallization temperature of between 100 and 200°C,
preferably between 135 and 175°C, for a crystallization period of between 1 and 20 days,
preferably between 3 and 10 days.

The product that is obtained in crystallization stage ii) is preferably subjected to at
least one of the following stages:

i)  astage fbr scparation of the solid from the crystallization mixture,
iv)  astage for wa;hing the solid, and
V) a stage for drying said solid.

The crystallized solid is generally separated from the mixture by any method that
is known to one skilled in the art, such as filtration. Thce solid is then washed with water,
preferably deionized water.

Drying stage v) is generally carried out at a temperature of between 50 and 150°C
for a period of 12 to 30 hours.

The drying is preferably carried out at atmospheric pressure, but can be done

under pressure.
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The synthesis process according to the invention makes possible, more
particularly, the production of a lamellar solid that belongs to the group that is formed by
the kenyaite and the magadiite.

The invention also relates to a process for synthesis of bridged lamellar solids
based on silicates comprising the synthesis of a lamellar solid, whereby said solid that is
obtained is then bridged by intercalation of a bridging agent in the interlamellar space of
said solid.

The intercalation of the bridging agent can be carried out by any technique that is
known to one skilled in the art.

The insertion of a bridging agent between the silicate layers is carried out such
that the columns of the bridging agent are linked to layers of the lamellar solid and the
structure of the lamellar solid is maintained, whereby the porosity of the final solid is
thereby increased.

Obtaining a bridged lamellar solid from a lamellar solid can be carried out by the
following stages:

- astage for inserting a cationic swelling agent into the lamellar solid that
allows the increase of interlamcllar space, preferably carried out by cation
exchange,

- astage for inserting a bridging agent into the solid that is obtained in the
preceding stage, whereby the bridging agent is preferably selected from
among the polyoxocations,

- astage for washing the solid that is obtained in the preceding stage, and

- astage for calcination of the washed solid.
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The swelling agents can be organic or organometallic chemical radicals or
inorganic complexes, preferably provided with a strong positive charge.

In some cases, the calcination stage makes it possible to show the porosity of the
bridged lamellar solid. This calcination stage advantageously can be carried out in air, at
a temperature of between 300 and 800°C.

After the stage for drying the lamellar solid or after the stage for calcination of the
bridged lamellar solid, it is possible to carry out a cation exchange of the alkaline metal
that is added to stage i) for mixing with hydrogen ions, which imparts acidity to the final

solid.

Example 1: Synthesis of the Silicic Kenyaite

A solution that comprises 98% by weight of tyramine and silica, known under the
commercial term © Ludox AS-40 marketed by Aldrich, is incorporated in a basic NaOH
soda solution (98% by weight) and water.

The mixture is stirred vigorously for two hours. The mixture is. then transferred,
after homogenization, into a Teflon jacket that is then placed in an autoclave.

The autoclave is heated for 6 houts to 150°C in an oven. For the synthesis, the
autoclave is stirred continuously.

The crystallized product that is obtained is filtered, washed with deionized water
(to reach a neutral pH), then dried for one night at 60°C.

The diffractogram that is carried out on the rough synthesis sample is shown in

Figure 1.
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Example 2;: Synthesis of the Silicic Magadiite

A solution that comprises 97% by weight of trans-4-aminocyclohexanol and silica
(© Ludox AS-40 marketed by Aldrich) is incorporated in a basic NaOH soda solution
(98% by weight) and water.

The mixture is stirred vigorously for two hours. The mixture is then transferred,
after homogenization, into a Teflon jacket that is then placed in an autoclave.

The autoclave is hcated for 3 hours at 150°C in an oven. For the synthesis, the
autoclave is stirred continuously. The crystallized product that is obtained is filtered,
washed with deionized water (to reach a neutral pH), then dried for one night at 60°C.

The diffractogram that is carried out on the rough synthesis sample is shown in

Figure 2.

Example 3: Kenyvaite That is Substituted with a Metal M

A solution that comprises 98% by weight of tyramine and silica (© Ludox AS-40
marketed by Aldrich) is incorporated in a basic NaOH soda solution (98% by weight) and
water.

The mixture 1s stirred vigorously for 15 minutes. An aqueous solution that
contains cation M is added to the mixture so as to obtain compositions as described in

Table 1 below.
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Sample Molar Composition of the Mixture Period of Synthesis
(in Days)
Co-Kenyaite S102:0.2Na0H:0.50 tyramine:15H20:1/30- 10
1/100 Co(CH3C00)2
Ti-Kenyaite S102:0.2NaOH:0.50Tyramine:15SH20:1/50- 9
1/100 Ti(EtO)4
Ni-Kenyaite Si02:0.2Na0QH:0.50Tyramine:15H20:1/50- 10
1/100 Ni(CH3C00)2
Zn-Kenyaite S102:0.2NaOH:0.50Tyramine:15H20:1/50- 10
1/100 Zn(CH3C00)2
Cu-Kenyaijte $i02:0.2NaOH:0.50Tyramine: 1 5H20:1/30- 10
1/100Cu(CH3C0QO0)2
Nb-Kenyaite $102:0.2NaOH:0.50Tyramine:15H20:1/50- 7
1/100 Nb205
B-Kenyaite SiOZ:O.ZNaOH:O.S 0Tyramine:15H20:1/50- 7
17100 Na2B407
Zr-Kenyaite Si02:0.2NaOH:0.50Tyramine:15H20:1/50- 7
1/100 Zr(OH)4
Cr-Kenyaite Si02:0.2NaOH:0.50Tyramine: 15H20: 10
1/50-1/100 Cr(CH3CO0)2
Cr/Co-Kenyaite | Si02:0.2NaOH:0.50Tyramine:15H20:1/100 10
(Cr + Co)
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Sample Molar Composition of the Mixture Pcriod of Synthesis
(in Days)
Eu-Kenyaite Si02:0.2NaOH:0.50Tyramine: 15H20:1/50- 7
1/100 Eu(CH3COO)3
Table 1

The mixtures are then transferred, after homogenization, into a Teflon jacket that
is then placed in an autoclave. The autoclave is hcated for several days to 150°C in an
oven. During the synthesis, the autoclave is stirred continuously. The crystallized
product that is obtained is then filtered, washed with deionized water (to reach a neutral

pH), and then dried for one night at 60°C.

Example 4: Magadiite That is Substituted with a Metal M

A column that comprises 97% by weight of trans-4-aminocyclohexanol and silica
(© Ludox AS-40 marketed by Aldrich) is incorporated in a basic NaOH soda solution
(98% by weight), water and cation according to the molar compositions that are described

in Table 2 below.

Sample Molar Composition of the Mixture Period of
Synthesis
(in Days)
Al- Si02:0.2NaOH:0.50Trans-4-aminocyclohexanol; 15H20:1/100 3
Magadiite ARR0O3
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Sample Molar Composition of the Mixture Period of
Synthesis
(in Days)
Co- S102:0.2Na0OH:0.50Trans-4-aminocyclohexanol: 15H20:1/100- 3
Magadiite 1/50 Co(CH3CO0)2
Cu- $102:0.2NaOH:0.50Trans-4-aminocyclohexanol:15H20:1/100- 3
Magadiite 1/50 Cu(CH3COO0)2
Ti- Si02:0.2NaOH:0.50Trans4-aminocyclohexanol:15H20:1/100- 3
Magadiite 1/50 Ti(EtO)4
Ni- Si02:0.2NaOH:0.50Trans-4-aminocyclohexanol:15H20;1/100- 3
Magadiite 1/50 Ni(CH3CO00)2
Eu- Si02:0.2NaOH:0.50Trans-4-aminocyclohexanol:15H20:1/100- 3
Magadiite 1/50 Eu(CH3C0O0)3
Zr- Si02:0.2Na0OH:0.50Trans-4-aminocyclohexanol:15H20:1/100- | 3
Magadiite 1/50 Zr(OH)4
Cr- S102:0.2NaOH:0.50Trans-4-aminocyclohexanol:15H20:1/100- 3
Magadiite 1/50 Cr(CH3COO0)3
F Cr/Co- $i02:0.2NaOH:0.50Trans-4-aminocyclohexanol:15H20:1/100 3
Magadiite (Co+Cr)
Table 2




(22) JP 2007-31172 A 2007.2.8

The mixture is stitred vigorously for five hours. The mixture is then transferred,
after homogenization, into a Teflon jacket that is then placed in an autoclave.

The autoclave is heated for 3 days at 150°C in an oven. During the synthesis, the
autoclave is stirred continuously. The crystallized product that is obtained is filtered,

washed with deionized water (to reach a neutral pH), and then dried for one night at

60°C.

3. Brief Explanation of the Drawings

The diffractogram that is carried out on the rough synthesis sample is shown in

Figure 1.

The diffractogram that is carried out on the rough synthesis sample is shown in

Figure 2.
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1. Process for synthesis of silicate-based lamellar solids comprising:

1) a stage for mixing, during which a mixture that comprises an
alkaline metal, a silica source, water and an organic structuring
agent is prepared, and

i) a stage for crystallization during which this mixture is kept under
conditions that allow the formation of a crystalline solid,

characterized in that the organic structuring agent comprises at least one alcohol group
and at least one amine group that are separated by a hydrocarbon chain.

2. Process for synthesis according to claim 1, wherein the alcohol group is a
terminal group of the organic structuring agent.

3. Process for synthesis according to one of claims 1 to 2, wherein the amine
group is a terminal group of the organic structuring agent.

4. Process for synthesis according to one of claims 1 to 3, whercin the organic
structuring agent comprises 1 to 20 carbon atoms.

5. Process for synthesis according to one of claims 1 to 4, whereiun the organic
structuring agent is selected from the group that is formed by tyraminc, 4-aminophenol,
trans-4-aminocyclohexanol and 2-(4-amino-phenyl)-ethanol.

6. Process for synthesis according to one of claims 1 to 5, wherein during mixing

stage i), in addition, a metal X with non-silicic tetrahedral coordinance is incorporated.
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7. Process according to claim 6, wherein the metal X is selected from the group
that is formed by aluminum, boron, chromium, iron, gallium, indium, nickel, zirconium,
cobalt, titanium, copper, niobium and europium.

8. Process for synthesis according to one of claims 1 to 7, wherein during
crystallization stage ii), the mixture that is obtained during stage i) is heated to a
crystallization temperature of between 100 and 200°C for a crystallization period of
between 1 and 20 days.

9. Process for synthesis according to one of claims 1 to 8, wherein the product
that is obtained in crystallization stage ii) is subjected

iii)  to astage for separation of the solid from the crystallization
mixture,

iv) the thus obtained solid is subjected to a washing stage, and

v) to a drying stage.

10. Process for synthesis according to claim 9, wherein drying stage v) is carried
out at a temperature of between 50 and 150°C for a period of 12 to 30 hours.

11. Process for synthesis according to one of claims 1 to 10, wherein the lamellar
solid that is produced belongs to the group that is formed by Kenyaite and magadiite.

12. Process for synthesis of bridged silicate-based lamellar solids comprising the
synthesis of a lamellar solid according to the process of one of claims 1 to 11, whereby
said solid that is obtained is then bridged by intercalation of a bridging agent in the

interlamellar space of said solid.
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1. Abstract
The invention relates to a process for synthesis of lamellar solids based on
silicates comprising:
i) a mixing stage, during which a mixture that comprises an alkaline metal, a
silica source, water and an organic structuring agent is prepared, and
it) a crystallization stage during which this mixture is kept under conditions
allowing the formation of a crystalline solid.
The organic structuring agent that is used in this process comprises an alcohol

group and an amine group that are separated by a hydrocarbon chain.

2. Representative Drawing

None.
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