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At present, considerable attention is focused on the
development of new, environmentally friendly and
functionally active sorbents, supports, and catalysts
based on layered aluminosilicates (LAS’s) [1–6]. In the
early 1970s, new types of catalysts based on layered sil-
icates were created, which received the names of pil-
lared sheet silicates and cross-linked or fixed-layer sil-
icates [6]. Only limited information about these sys-
tems is available from the Russian literature. The
interest in these materials is due to their unique physic-
ochemical and textural properties, such as large specific
surface area, thermal stability, and fairly large inter-
layer spacing (14–20 Å). As a rule, the textural and
physicochemical properties of these materials depend
on many parameters, including the chemical composi-
tion of the initial LAS, the nature of the 

 

M

 

n

 

+

 

 cation
introduced into the interlayer space, the 

 

OH

 

–

 

/(Al

 

3+

 

 +
å

 

n

 

+

 

)

 

 ratio, the way in which the cation was introduced,
and the LAS calcination temperature. From the stand-
point of acid catalysis, of great interest is the fact that
the acidic properties of an LAS can be regulated by
varying the nature of the intercalated cation [1, 7]. The
introduction of transition metal ions capable of under-
going reversible redox conversions opens up great
application opportunities for modified LAS’s as redox
catalysts [1–6]. Note that use of mixed oligomeric cat-
ions, e.g., Al–Ti, Al–La, and Al–Ce, has made it pos-
sible to obtain functional catalytic systems that can
accelerate redox process and possess high surface
acidity [1].

Although these systems have been studied exten-
sively by both Russian and foreign researchers, there is,
unfortunately, no consensus as to the effect of modifi-
cation (pillaring) on the structural, physicochemical,
and catalytic properties of LAS’s. Here, we will sum-
marize the results of our studies of the influence of the

most important pillaring parameters, such as the nature
of the cation, pillaring procedure, and the formation
temperature of the layered pillared structure (LAS cal-
cination temperature), on the textural and physico-
chemical properties of the resulting materials [8–14].
The widest application has been found by pure mont-
morillonite clays, or bentonites. For this reason, we
used clay from the Mukhortalinskoe deposit (Buryat
Republic). Our main focus will be placed on the corre-
lation between the clay modification methods, the tex-
tural and physicochemical properties of modified clays,
and the catalytic properties of these clays in acid-cata-
lyzed and oxidation reactions.

TEXTURAL AND PHYSICOCHEMICAL 
PROPERTIES OF LAS’S

 

Effect of the Nature of the Cation Introduced
into the Interlayer Space on the Textural

and Physicochemical Properties of the LAS

 

A possible way of regulating the textural and physi-
cochemical properties of an LAS is by modifying its
structure by exchanging its cations for voluminous
polynuclear hydroxo cations of 
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3+

 

, Fe
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, Ti
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, Zr
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,
etc. Upon heating, the complex cations turn into their
respective metal oxides, which act as pillars to fix the
silicate layers at a certain distance from one another,
thereby producing regular porous structures (Fig. 1)
[15, 16]. Modifying LAS’s by this method enhances
their specific surface area, microporosity, and thermal
stability—parameters significant to sorbent and cata-
lytic applications of these clays. Table 1 lists the most
important textural and physicochemical properties
of  LAS’s prepared by introducing 
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cations and the large polynuclear cation
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 into the interlayer space. As is
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 Intercalation of the polynuclear cation [
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] into Na-LAS and electron micrographs of various
LAS’s.

 

clear from Table 1, the textural parameters of the mod-
ified clays depend significantly on the nature of the
intercalated cation. For example, the mean pore diame-
ter increases in the order 

 

Äl

 

13

 

-LAS < Na-LAS < natural
LAS. As compared to natural LAS, H-LAS, and Na-
LAS, 

 

Äl

 

13

 

-LAS has a much larger number of
micropores 

 

8–9 

 

Å in diameter, whose surface area can
be as large as 33–56 m

 

2

 

/g.
The strongest dependence on the nature of the inter-

calated cation is shown by the acidic properties of the
LAS’s. By nonaqueous titration with 

 

n

 

-butylamine in
the presence of Hammett indicators [8], it was estab-
lished that modification of LAS with 
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3
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+

 

 ions (1 M
HCl) and 
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 ions significantly
increases the amount of sites with a strength of 
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0

 

 <

 

−

 

3.0 (Table 1). The appearance of acid sites with 

 

H

 

0

 

 =
–5.6 in Na-LAS after calcination at 

 

500°ë

 

 indicates
that the hydroxylation temperature is a crucially signif-
icant factor in the formation of strong acid sites. The
strong polarization of the OH bonds in the adsorbed
water molecules favors the appearance of mobile pro-

tons in the oppositely charged fields of the surface oxy-
gen atoms and exchanged cations:
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The degree of dissociation increases as the polarizing
power of the cation increases in the order 

 

Na

 

+

 

 < Mg

 

2+

 

 <
Al

 

3+

 

 [6].
In the presence of a large amount of water, the polar-

ization effect arising from the interaction between the
cation and water is weaker. According to Tarasevich et
al. [7, 17], the appearance of sites with 

 

H

 

0

 

 = –5.6 is due
to the presence of exchanged 

 

Al

 

3+

 

 cations and coordina-
tively unsaturated 

 

Al

 

3+

 

 cations in the environment of
three structural oxygen atoms. The existence of 

 

AlO

 

4

 

�

 

2

 

(

 

�

 

 = vacancy) sites on the LAS surface is responsible
for the formation of sites with 

 

H

 

0

 

 = –3.0; the presence
of polarized Si–OH* groups, for the formation of sites
with –3.0 < 

 

H

 

0

 

 

 

≤

 

 1.5

 

 [7, 18]. The LAS’s containing 0.5–
1.0% water have mainly Brønsted acidity. As the water
content of H-LAS, Na-LAS, and 

 

Äl

 

13

 

-LAS is
decreased, the strength of their acid sites increases
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(Table 1) and Lewis acid sites appear. For example, the
replacement of some tetravalent silicon with 

 

Al

 

3+

 

 in the
tetrahedral networks, raising the proportion of tetrahe-
drally coordinated aluminum, shifts the absorption
bands at 1090 and 1044 cm

 

–1

 

 in the IR spectrum of Al

 

13

 

-
LAS, which are due to stretching vibrations of silicon–
oxygen tetrahedra, to lower frequencies (Fig. 2a). This
indicates an increase in the mean (Si,Al)–O distance
and in the ionicity of the corresponding band [7, 17,
18]. The increasing separation of silicate layers and the
enhancement of the ionicity of the matrix generate
strong Lewis sites (Table 1). Note, however, that the
introduction of the 

 

[Al

 

13

 

O

 

4(OH)24(H2O)12]7+ cation into
the LAS structure raises the total amount of sites only
slightly over the amount of sites in the acid form H-

LAS. Therefore, the aluminum cations in the Al13-LAS
system are distributed randomly and not all of them are
accessible to n-butylamine molecules. This is also indi-
cated by low-temperature CO adsorption data [8].
According to these data, Äl13-LAS has several types of
Lewis sites, which show themselves as absorption
bands at 2229 and 2195–2185 cm–1 (Fig. 2b). The latter
is also observed for CO adsorbed on alumina [19]. The
presence of acidic OH groups is indicated by absorp-
tion bands in the 2175–2160 cm–1 range. The strong
absorption band at 2167 cm–1 is due to weak H-com-
plexes of CO with the Si–OH group (characterized by
an absorption band at 3745 cm–1). In addition, the spec-
trum in the region of OH group vibrations exhibits a
band at 3660 cm–1, which is due to the polarized inter-

Table 1.  The most important physicochemical and catalytic properties of LAS’s

Material Calcination
temperature, °C

Textural characteristics

k × 104, 
s–1

Acid site content, mol/g

L/BSBET, 
m2/g

Sµ ,
m2/g

Dpor, Å d100, Å

H
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=
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5.
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=
 –

3.
0

H
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=
 +

3.
3

H
o 

=
 +

4.
8

L

Natural clay 500 109 – 93 11 0 – – – – – –

400 144 – 82 14 0.1 – 0.02 0.18 0.32 – –

Na-LAS 500 141 – 84 15 2.1 0.01 0.04 0.30 0.42 0.03 0.08

400 – – – – 1.8 0.08 0.13 0.20 0.25 – –

H-LAS 500 – – – – 4.7 0.10 0.20 0.28 0.41 0.04 0.11

400 203 56 65 18 3.5 – – – – – –

Al13-LAS 500 179 33 68 18 9.3 0.10 0.24 0.32 0.43 0.06 0.16

Note: Sµ is the specific surface area of the pores, Dpor is the mean pore diameter, d100 is the interlayer spacing (X-ray diffraction data),
k is the acetone dimerization rate constant (50°C, catalyst content of 10 wt %), L is the total amount of Lewis sites determined by
IR spectroscopy using CO adsorption, and L/B is the molar ratio of the Lewis sites to the Brønsted sites. The amounts of acid sites
of different strengths (H0) were determined by nonaqueous titration with n-butylamine in the presence of an indicator.
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Fig. 2. (a) IR spectra of (1) natural LAS, (2) Na-LAS, and (3) Al13-LAS. (b) IR spectra of CO adsorbed on Al13-LAS at pressures
of (1) 0.1, (2) 0.9, and (3) 10 Torr. Inset: IR spectra of the hydroxyl groups of (1) Na-LAS and (2) Al13-LAS after vacuum pumping
at 450°ë.
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layer OH* groups. These groups play an important role
in the formation of the protonic acidity of the LAS. This
band in the spectrum of Al13-LAS is weaker than the
same band in the spectrum of Na-LAS (Fig. 2b). This is
likely explained by the fact that the OH* groups in
these materials are in different structural environments,
resulting in different capacities for CO adsorption.

These data are in agreement with crystal chemical data
for the lateral face of a dioctahedral layered silicate [6,
7], which indicate the presence of three types of acidic
hydroxyl groups, namely, ordinary (Si–OH), polarized
(Si–OH*), and bridging hydroxyls. Depending on the
nature of the octahedrally coordinated cation, the acid-
ity of ordinary and polarized Si–OH groups can vary in
a wide range.

Influence of the Iron Ion Intercalation Method
on the Textural Properties of LAS’s

The introduction of iron ions as the polyhydroxo
complex Fex(OH  or the mixed polynuclear cation
affords materials with a basal spacing of up to 19 Å and
a large specific surface area (up to 240 m2/g) [20, 21].
The iron ions to be introduced into Na-LAS can be a
component of the large polynuclear cation
[FeO4Al12(OH)24(H2O)12]7+ (method M1). Iron in the
form of Fex(OH  polyhydroxo complexes can be
introduced into the interlayer space of Al13-LAS and
Na-LAS (methods M2 and M3, respectively). The fol-
lowing natural question arises here: Which of these
methods will afford the system with the largest specific
surface area, the highest microporosity, the highest
degree of dispersion of the metal, and the highest resis-

)y
n+

)y
n+

 
Table 2.  Dependence of the textural and catalytic properties of LAS's in phenol oxidation with hydrogen peroxide on the
way of introducing iron ions into the interlayer space

Sam-
ple no. Material Method

Textural characteristics
Fe content, 

mg/g Time, min PhOH con-
version, %

∆Fe,
wt %SBET, m2/g VΣ , cm3/g Dpor, Å

1 Natural clay – 113 0.28 97 8 ± 2 420 0 –

2 Al13-LAS – 242 0.25 73 8 ± 2 420 0 –

3 Al12Fe-LAS M1 244 0.25 72 15 ± 2 105 (105)* 50 <0.01

180 (180)* 100

4 Al6.5Fe6.5-LAS M1 136 0.24 64 32 ± 5 325 50 12

420 100

5 Al12Fe-LAS M2 203 – – 21 ± 1 105 (180)* 50 19

180 (320)* 100

6 Fe-LAS(OH) M3 136 0.27 76 28 ± 1 120 50 18

270 100

7 Fe-LAS(OH) M3 132 0.27 76 11 ± 1 95 50 6

110 100

8 Fe-LAS(Cl) M3 125 0.32 103 23 ± 1 95 50 18

130 100

Note: Reaction conditions: [PhOH] = 1 mmol/l; [H2O2] = 14 mmol/l; amount of catalyst, 1 g/l; pH 6.2; T = 50°C. OH/(Fe + Al) = 2.0 : 1.
All samples were calcined at 400°C prior to the reaction. ∆Fe is the amount of iron washed out into the solution during the reaction.

* The catalyst was reused.
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Fig. 3. X-ray diffraction patterns of the Na-LAS, Fe-LAS,
and Al12Fe-LAS systems prepared by different methods.
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tance to metal washout from the matrix? Table 2 lists
the most important textural parameters of the materials
obtained by these three methods [10, 14]. According to
X-ray diffraction data, the intensity of the first basal
reflection (d001) depends on the LAS modification
method (Fig. 3). The low intensity and diffuseness of
the peaks at small 2θ angles in the diffraction patterns
of Fe-LAS (M3) and Al12Fe-LAS (M1) suggest that the
layered structures of these materials have changed from
the initial LAS structure more radically than the Al12Fe-
LAS (M2) structure, even though the specific surface
areas of the samples prepared by the methods M1 and
M2 differ insignificantly (Table 2). This is also indi-
cated by electron microscopic data (Fig. 1). Na-LAS
has a fibrous structure. The montmorillonite particles
are platelike. Randomly distributed in space, they form
secondary pores differing in shape and size. The intro-
duction of bulky polynuclear cations into the interlayer
space of the LAS markedly swells the material and, as
a consequence, causes LAS separation. Upon heating,
the polynuclear cations in the interlayer space of the
LAS turn into metal oxides. These oxides serve as pil-
lars keeping the silicate layers at a certain distance from
one another [22].

The degree of dispersion and the coordination envi-
ronment of iron depend strongly on the origin of the
iron cation introduced into the interlayer space. If the
iron ions are introduced as the polyhydroxo complex
Fex(OH , then the isolated oxide phase Fe2O3 will
form (Fig. 1). A high degree of dispersion of the metal
in the matrix is attained by introducing iron ions as the
polynuclear cation [FeO4Al12(OH)24(H2O)12]7+ [10].

The formation of the polynuclear cation
[FeO4Al12(OH)24(H2O)12]7+ depends strongly on the
OH–/(Al3+ + Fe3+) and Al3+/Fe3+ molar ratios, as is
clearly demonstrated by 27Al NMR data (Fig. 4a). The
spectrum of an aqueous solution with Al3+/Fe3+ = 10 : 1
and OH–/(Al3+ + Fe3+) = 2.4 : 1 shows two signals with
chemical shifts of 63.15 and 0.16 ppm, which are due
to the tetrahedrally coordinated aluminunm ions in the
polynuclear cation [23] and to [Al(H2O)6]3+ monomers
[24], respectively. Raising the iron content of the sys-
tem or decreasing the pH of the solution causes a
decrease in the intensity of the signal at 63.15 ppm
(Fig. 4a, spectra 1–4). This can be explained by the
decomposition of the polynuclear cation into
[Al(H2O)6]3+ and [Fe3(OH)4]5+. Another important
parameter is the synthesis time of the polynuclear cat-
ion. Extending the duration of the process shifts the
equilibrium toward the formation of the mixed polynu-
clear cation (Fig. 4a, spectra 4, 5). Thus, by varying one
of these parameters at the modifying solution prepara-
tion stage, it is possible to control the textural proper-
ties of the resulting material. It follows from Table 2
that the specific surface area and pore diameter of
Al13 − xFex-LAS decrease as the Al3+/Fe3+ ratio is
decreased from 12 : 1 to 1 : 1. The textural properties of

)y
n+

Al12Fe-LAS depend only slightly on the OH–/(Al3+ + Fe3+)
ratio (Table 3). They depend most strongly on the prepa-
ration time of the polynuclear cation
[FeO4Al12(OH)24(H2O)12]7+. As this time is extended
from 1 to 7–12 days, the specific surface area of Al12Fe-
LAS increases from 125–132 to 209–236 m2/g (Table 3).
A likely cause of this textural change is the strong dis-
placement of the equilibrium toward the formation of the
mixed polynuclear cation and, as a consequence, the
maximum swelling and separation of the LAS.

CATALYTIC PROPERTIES
OF THE MODIFIED LAS’S

Correlation between the Physicochemical
and Catalytic Properties of LAS’s in Acid Catalysis

Due to the fact that the layered aluminosilicates
possess unique textural properties and have rather
strong acid sites, they have long been employed as
acid catalysts [1, 3–5]. The amount and strength of
acid sites are important characteristics of LAS’s as
catalysts because these parameters usually determine
the direction of the reaction and the catalytic activity
of the system. Unfortunately, most studies deal with
the dependence of catalytic activity on the total acidity
of the LAS, not the amount of acid sites of a particular
type. Using acetone condensation and methanol addi-
tion to propylene oxide, we made an attempt to evalu-
ate the effect of the amount of Lewis acid sites on the
catalytic activity of the LAS.

The study of the acid catalytic properties of LAS’s
in acetone condensation into mesityl oxide (Table 1)
demonstrated that the activity of the LAS’s increases
with an increasing amount and strength of acid sites.
For example, this takes place as the LAS calcination
temperature is raised. It is rather difficult to establish a
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Fig. 4. (a) 27Al NMR spectra of solutions prepared at
OH−/(Al3+ + Fe3+) = (1) 2.0 : 1 and (2–5) 2.4 : 1 and
Al3+/Fe3+ = (1, 4, 5) 10 : 1, (2) 7 : 6, and (3) 10 : 3. Spectra 1–
4 and spectrum 5 were recorded 7 days and 1 day after solu-
tion preparation. (b) Diffuse reflectance spectra of
Al12Fe-LAS (M1) samples obtained at OH−/(Al3+ + Fe3+) =
(1) 2.4 : 1 and (2, 3) 2.0 : 1. The polynuclear cation synthe-
sis time is (1, 2) 21 and (3) 1 day.
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correlation between the origin of the introduced cation
and the catalytic activity. However, the Al13-LAS and
H-LAS systems, which have sites with H0 = –5.6 and
contain the same amount of acid sites with H0 = +4.8 as
the Na-LAS system, are more active than the latter. At
the same time, although the Al13-LAS and H-LAS sys-
tem have equal amounts of acid sites with H0 = –5.6, the

former is ~2 times more active than the latter (Table 1).
This is likely due to the fact that these systems contain
different quantities of Lewis acid sites (Table 1). The
acetone condensation reaction includes an equilibrium
keto-enol rearrangement step and a slow reaction
between the enol and a protonated acetone molecule,
yielding diacetone alcohol and mesityl oxide [25]:

In the presence of an LAS, this reaction should be
viewed as heterogeneous. Its initial step is rapid ace-
tone adsorption yielding the enol form of acetone. This
is followed by the polarization of the OH group via its
interaction with a Lewis site [26]:

If this is the case, it can be assumed that raising the
amount of Lewis sites will speed up the slow step

through the polarization of the enolic OH groups and
thereby increase the reaction rate.

A glowing example of the effect of the ratio of
Lewis and Brønsted acid sites on reaction selectivity is
provided by methanol addition to propylene oxide [12]:

CCH3

O

CH3 CCH3
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+
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Table 3.  Influence of preparation conditions on the catalytic properties of Al12Fe-LAS on its catalytic properties in phenol
oxidation with hydrogen peroxide

OH–/(Al3+ + Fe3+)
Sample

synthesis time, 
day

Textural characteristics
[Fe], mg/g Reaction time, 

min
PhOH

conversion, %
∆Fe,
wt %SBET, m2/g Sµ , m2/g Dpor, Å

2.0 1 125 29 71 16 ± 1 40 50 14 ± 2

155 100

21 236 113 72 16 ± 1 90 50 <0.01

130 100

2.4 1 132 30 71 15 ± 1 26 50 6 ± 1

100 100

7 219 101 69 17 ± 1 25 50 <0.01

95 100

12 209 96 71 17 ± 2 22 50 <0.01

90 100

21 215 106 72 17 ± 1 22 50 <0.01

90 100

Note: Al/Fe = 10 : 1. The samples were calcined at 500°C prior to the reaction. Reaction conditions: [PhOH] = 1 mmol/l; [H2O2] =
14 mmol/l; amount of catalyst, 1 g/l; pH 6.2; T = 50°C.
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Depending on the catalyst, the reaction between
propylene oxide and methanol yields either primary or
secondary ethers [27]. In the presence of basic cata-
lysts, the main product is 1-methoxypropanol-2 (II). In
the presence of an acid, the dominant product is
2-methoxypropanol-1 (I). Studies of the catalytic activ-
ity of LAS’s in this reaction demonstrated that the pro-
pylene oxide conversion and the product ratio depend
on the strength and nature of the acid sites of the LAS
(Fig. 5) [12]. The highest activity is shown by the sys-
tems containing a large quantity of strong acid sites.
The higher activity and selectivity of the Al13-LAS sys-
tem as compared to the H-LAS system can be explained
by the fact that the former has more Lewis sites
(Table 1). It is likely that the interaction between a
Lewis site and the oxygen bridge of a propylene oxide
molecule substantially weakens the C–O bond at which
the addition of an alcohol molecule takes place. Note
that Al13-LAS and H-LAS far exceed the zeolite cata-
lyst HZSM-5 and bentonite clay in activity and selec-
tivity (Fig. 5).

Influence of the Textural Characteristics of LAS’s
on Their Catalytic Properties in Oxidation Catalysis

In the last 20–30 years, considerable attention has
been given to the problem of removing phenol, one of
the most toxic and persistent organic substances, from
wastewater. Systems based on iron ions and an LAS can
effectively speed up phenol oxidation with hydrogen
peroxide into CO2 and H2O. However, many of these
systems have serious drawbacks, including the follow-
ing: (1) acids, such as sulfuric and nitric (pH 2–5), must
be present; (2) fairly large amounts (>1 wt %) of cata-
lysts must be used; (3) large amounts of the active com-
ponent are washed out of the catalyst into the solution.
The known synthesis methods (see above) afford highly
porous LAS’s containing a finely dispersed metal.
However, there are many questions concerning the cor-
relation between the synthetic methods and the textural
and catalytic properties of the resulting catalysts. As is
clear from Table 2, the pillaring of Na-LAS by intro-
ducing iron ions as [FeO4Al12(OH)24(H2O)12]7+ into its
interlayer space (method M1) yields a catalyst with
good technological parameters, namely, a high resis-
tance to iron washout and a high catalytic activity [10].
The systems Al12Fe-LAS (M2) and Al12Fe-LAS (M1)
are similar to Na-LAS (M1) in catalytic activity
(Table 2, samples 3, 5), but the Al12Fe-LAS (M2) sys-
tem is less resistant to metal washout from its matrix
and, as a consequence, is much less active when reused.
The higher activity of Fe-LAS (M3) as compared to
Al12Fe-LAS (M1) is also explained in terms of iron ion
washout (Table 2, samples 3, 7).

Note the effect of the counterion introduced into the
interlayer space of Na-LAS together with iron ions. As
can be seen from Table 2, the Fe-LAS(OH) system is
more active than the Fe-LAS(Cl) system. This is most
likely due to the difference between the textural proper-

ties of these systems (Table 2). The pillaring of LAS’s

with Fex(OH  complexes results in an increase in the
specific surface area from 113 to 136 m2/g, a decrease
in the pore volume from 0.28 to 0.27 cm3/g, an increase
in the interlayer spacing from 11 to 14 Å, and a
decrease in the pore diameter from 97 to 76 Å. The
introduction of FeCl3 does not cause any increase in the
interlayer spacing in the sample (10 Å). At the same
time, the specific surface area increases to 125 m2/g; the
pore volume, to 0.32 cm3/g; and the mean pore diame-
ter, to 103 Å. This material (Table 2, sample 8) has large
pores and no micropores. Most of the iron of this mate-
rial is on the surface, and this is why it is very prone to
washout [10]. As was discussed above, the textural
properties of the modified LAS’s can be regulated by
varying the OH–/(Al3+ + Fe3+) and Al3+/Fe3+ molar
ratios while synthesizing the polynuclear cation
[FeO4Al12(OH)24(H2O)12]7+. The systems obtained at
Al3+/Fe3+ = 10 : 1 are the most active and the most sta-
ble. Reducing this ratio to 7 : 6 results in the formation
of the isolated oxide phase Fe2O3 and, accordingly, in a
decrease in the stability and activity of the catalyst
(Table 2, samples 3, 4). It is noteworthy that the Al12Fe-
LAS (M1) system prepared at OH–/(Al3+ + Fe3+) = 2.4 : 1
is catalytically more active than the same system pre-
pared at OH–/(Al3+ + Fe3+) = 2.0 : 1 (Table 3). The lower
activity of the latter is likely due to the presence of a
finely dispersed Fe2O3 phase. The diffuse reflectance
spectrum of the sample prepared at OH–/(Al3+ + Fe3+) =
2.0 : 1 shows a band at 495 nm (Fig. 4b), which is char-
acteristic of oligomeric Fe2O3 particles. As was men-
tioned above, a high degree of dispersion of the metal
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Fig. 5. Methanol addition to propylene oxide in the pres-
ence of various acidic catalytic systems (MeOH/C3H7O =
10 : 1 mol/mol, 3 wt % catalyst, T = 60°C, reaction time
of 6 h).
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in the matrix is achieved when the iron ions are introduced
as the polynuclear cation [FeO4Al12(OH)24(H2O)12]7+.
The conditions under which this cation was synthe-
sized, namely, the OH−/(Al3+ + Fe3+) ratio and particu-
larly the synthesis time have a strong effect on the prop-
erties of the resulting material. Extending the cation
synthesis time is favorable for the stability and activity
of Al12Fe-LAS (M1) (Table 3). This is likely due to
changes both in the texture of the material and in the
physical state of the iron ions in the matrix, as is sug-
gested by diffuse reflectance data (Fig. 4b, spectra 2, 3).

Thus, the catalytic activity and stability of LAS-
based systems in acid-catalyzed and oxidation reac-
tions depend on the modification method and condi-
tions and on the origin of the cation introduced into the
interlayer space of the LAS.
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