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Abstract

Results are reported on studying the interaction of Pt (IV) anionic chloride complexes with layered
magnesium-aluminum hydroxides in the course of synthesizing Pt/MgAlOx catalysts. As the oxide precur-

sors there were layered hydroxides used with different nature of  interlayer anions ( 2�
3CO  and ÎÍ�) and

with Mg/Al ratio ranging within 2�4. The nature of  an interlayer of  anion is an important parameter
affecting the amount of fixed platinum, the composition of surface species and the sites of location there-
of  in the structure of  layered material. In the case of  using a hydroxide carrier with the carbonate counte-
rion the fixation of  platinum occurs with the participation of  the OH  groups of  hydroxide layers,  via
adsorbing the hydrolyzed forms of the complexes on the surface. The reduction thereof leads to the forma-
tion of isometric platinum particles of 2�4 nm in size.

When attaching the platinum complexes to aluminum-magnesium hydroxide with interlayer anions OH�,
the precursor of the active component is mainly located in the interlayer space, with further forming the
particles of flat morphology 50 nm long and the thickness close to the interlayer distance in the layered
carrier (0.75 nm). In the case of  varying the Mg/Al ratio,  an increase of  triply charged aluminum cation
causes changing the structural characteristics and adsorption properties of aluminum-magnesium hydrox-
ide to result in the formation of an oxide phase with a more developed surface area and higher pore
volume. Increasing the positive charge density and enhancing the electrostatic interaction promote the ad-
sorption of a greater amount of platinum (IV) anionic complexes and a stronger interaction thereof with
the hydroxide layers. In the case of changing the Mg/Al ratio from 4 to 2, one can observe increasing the
dispersity level of the supported platinum particles and increasing the activity of Pt/MgAlOx catalysts in
the propane dehydrogenation reaction.
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INTRODUCTION

The Pt(Pd)/MgAlOx catalysts prepared us-
ing magnesium-aluminum layered double hy-
droxides (MgAl�LDH) as the carrier precursor
are being actively studied [1�10], since they
are demanded not only in the field of basic
catalysis (condensation reactions of alcohols and
carbonyl compounds) [3, 4], but also in the con-
version of hydrocarbons [5�10]. This, first of

all,  concerns the dehydrogenation reaction of
light alkanes. Increasing the demand for C2�C4

alkenes for the production of polymers deter-
mines the interest in the catalytic dehydroge-
nation to initiate the development of  novel cat-
alyst systems. It is known that platinum serves
as an active dehydrogenation catalyst,  espe-
cially in the presence of a modifier, such as
Sn, Zn, Ge, Pb and Re [11�19]. To minimize
the oligomerization of alkenes formed and to
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prevent coke formation in the mentioned cata-
lysts one uses non-acidic catalyst species. These
include a number of  zeolites,  alumina modified
with cations of alkali, alkaline earth metals and
chromium oxide, spinels, [15�25], as well as
mixed aluminum-magnesium oxides MgAlOx,
produced via MgAl�LDH  calcination. In this se-
ries, the MgAlOx oxides are most attractive due
to a moderate easily controlled basicity thereof,
a high stability with respect to oxidative regen-
eration and the ability to provide a high disper-
sity level of supported platinum.

The properties of aluminum-magnesium
oxides are determined by the composition and
arrangement of their precursors, the layered
double hydroxides (LDH). It is known that LDH
(or hydrotalcite-like compounds) are described
by general formula

2 3 �
1 � 2 / 2[M M (OH) ] [A ] H Ox n

x x x n y+ + + ⋅  to consist of
brucite-like layers wherein the divalent cations
M2+ are partially isomorphically substituted by
trivalent cations M3+ with similar ionic radii (in
the case of MgAl�LDH the magnesium cat-
ions are substituted by the cations of alumi-
num). In this case, the excess positive charge
of the layers is compensated by hydrated an-
ions An�, located in the interlayer space. The
anions are retained due to the electrostatic in-
teraction, so they exhibit a good mobility be-
ing completely interchangeable in the course of
ion exchange within the framework of charge
equivalence. Factor õ = M3+/(M2+ + M3+). In this
case the layered structure exists within a cer-
tain range of x values: 0.2 < x < 0.33. It is
important that mixed oxides obtained by means
of  LDH  calcination at a certain temperature,
exhibit a �memory effect�, i. e. they can restore
the layered structure in the course of contact-
ing with aqueous solutions. Thus, in the course
of using aqueous solutions of precursors for
the synthesis of the catalysts the interaction
should occur with the material of the layered
structure regardless of  the nature of  the car-
rier (LDH or a mixed oxide derived therefrom).

Taking into account the features of the
structure and properties inherent in the carri-
ers of this type, it is obvious that the patterns
of their interaction with the solution of chlo-
roplatinic acid that is commonly used as a pre-
cursor in the synthesis of platinum catalysts,
should be fundamentally different than in the

case of adsorbing the metal complex onto tra-
ditional oxide carriers. The main difference con-
sists in the ability to perform exchanging be-
tween LDH interlayer anions and anionic com-
plexes of platinum. At the same time, the most
of published investigations deal with introduc-
ing the compounds of the platinum metals ac-
cording to water-absorbing capacity using min-
imum solution amounts and without controlling
the processes occurring in the course of fixa-
tion [26�28]. The exchange of interlayer an-
ions was considered in solitary papers devoted
to studying the anion exchange properties of
hydrotalcite-like compounds [28, 29], whereas
introducing the precursor of an active catalyst
component in the form of anionic species still
remains almost unexplored.

It is known that the anion exchange prop-
erties of LDH are determined by two main
parameters such as the composition of hydrox-
ide layers and the arrangement of interlayer
space. The aim of this work consisted in study-
ing the influence of  the nature of  a LDH  in-

terlayer anion ( 2�
3CO  and OH�) and Mg/Al ra-

tio in the hydroxide layers upon the interac-
tion between the metal complex and the carri-
er as well as upon the properties of platinum
centers under formation.

EXPERIMENTAL

The synthesis of  LDH  with carbonate coun-
terion (MgAl�ÑÎ3 consisted in the coprecipita-
tion of magnesium and aluminum hydroxides
from dilute solutions of nitrates in the course
of interaction thereof with solutions contain-
ing carbonate and hydroxide ions. Changing the
concentration of metals, we obtained LDH
with different Mg/Al ratio values. In the course
of the synthesis we maintained the constant
values of the solution acidity (pH 10) and tem-
perature (60 °C). The resulting precipitate was
washed with copious amounts of distilled wa-
ter, filtered and dried for 16 h at a tempera-
ture of 80 °C. For obtaining samples containing
predominantly interlayer anions OH� (MgAl�
OH),  the original carrier (MgAl�CO3) was cal-
cined at 600 °C and rehydrated. The calcina-
tion temperature was chosen basing on ther-
mal analysis data being corresponding to the
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completion of the oxide phase formation. In or-
der to perform the investigations using physic-
ochemical methods and sorption measurement,
the samples of MgAl�ÑÎ3 and MgAl�ÎÍ were
preliminary dried at 120 °C for 12 h.

The sorption of H2[PtCl6] was performed from
the excess of aqueous solutions at a room tem-
perature. The concentration of the solutions was
varied depending on the required metal content
in the sample. After the adsorption of the metal
complex the content of platinum in the solution
was monitored by means of a spectrophotomet-
ric method, whereas carrier components Mg, Al
were monitored using a Varian 710-ES Series
ICP OES spectrometer and SHIMADZU AA6300
atomic absorption spectrophotometer.

The XRD investigations were performed by
means of a Bruker D8 Advance diffractometer
using monochromatic CuKα radiation in the range
of diffraction angles 2θ = 5�80 deg. The scan-
ning pitch was equal to 0.05 deg;  the signal in-
tegration time amounted to 5 s/increment unit.

The measurement of nitrogen adsorption-
desorption isotherms at 77.4 K was carried out us-
ing an ASAP-2020 volumetric vacuum static unit
(Micromeritics). The range of relative equilibrium
pressure was equal to P/P0 = 10�3�0.996. The cal-
culations of the specific surface area according
to BET (SBET) were performed within the range
of relative equilibrium nitrogen vapour pres-
sure Ð/Ð0 = 0.05�0.2 basing on the adsorption
isotherm. In order to obtain differential charac-
teristic curves for pore size distribution (CPSD)
we used a BJH method for the adsorption
branch of isotherms. In the calculations we used
a cylindrical model for connected pores.

To study the thermal decomposition of LDH
samples we used a TG-DTA technique. The
measurements were performed using a STA-
449C Jupiter unit (Netzsch) in a dynamic mode
in air at a heating rate equal to 10 °C/min.

The adsorption of carbon dioxide was mea-
sured using a Sorptomatic-1900 automated volu-
metric vacuum static unit. Before the measure-
ment, the samples were trained under vacuum
(10�2 mmHg) at 300 °C. In order to determine
the presence of the micropores in the samples,
we obtained the adsorption isotherms of carbon
dioxide at 0 °C within the range of relative pres-
sure values Ð/Ð0 = 4 ⋅ 10�5�0.030. This measure-
ment is necessary for correctly comparing the

samples in the course of determining their ca-
pacity with respect to CO2. To evaluate the ba-
sic properties of the carrier we used the ad-
sorption of CO2 at elevated temperature val-
ues. Basing on the adsorption isotherm of car-
bon dioxide obtained at pressure values up to
P = 1 atm at the temperature of 30 °C, we cal-
culated the total capacity of the sample with
respect to the mentioned gas (physically and
chemically adsorbed CO2). Then we evacuated
the sample to 10�2 mmHg at the same temper-
ature for 1 h (removal of physically adsorbed
molecules) to obtain the second isotherm. From
the difference between the amount of adsorbed
CO2 we determined that part of the adsorbed
CO2 which retained on the surface owing to the
chemical nature thereof. Further,  in order to
estimate the strength of basic centers the evac-
uation stage was carried out at the temperature
values equal to 100, 200 and 300 °C.

The 195Pt NMR spectra were obtained by
means of an Avance-400 NMR spectrometer
(Bruker) using multinuclear sensor SB4 (MAS).
The samples under investigation were placed
in a 4-mm zirconia rotor and whirled at �mag-
ic� angle (54°44′) with a frequency of 104 Hz.
As an external reference we used an aqueous
solution of H2[PtCl6] with the concentration of
0.03 mol/L. The pulse duration was equal to
13 µs, the delay time before the digitization
being 16 µs, the repetition time amounting to
0.7 s, the width of the �window� being equal
to 70 kHz; the number of points per spectrum
was equal to 16 000, the total number of puls-
es being of 4096.

Using the method of temperature-pro-
grammed reduction (TPR) we investigated the
reduction dynamics of  adsorbed complexes
employing an AutoChem-2920 unit (Microme-
ritics). The TPR process after establishing the
baseline was performed in the flow of a mix-
ture of 10 vol. % H2�Ar with heating up to a
temperature of 550 °C at a heating rate of
10 °C/min. For the reduced samples, we deter-
mined the dispersivity level of platinum using
the technique of H2 pulse chemisorption at a
room temperature starting from stoichiometry
[Pt]/[H2] = 1 : 1.

The propane dehydrogenation reaction was
conducted in a flow-through reactor with a
fixed bed catalyst (loading 1 g) at a tempera-
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ture of 550 °C, atmospheric pressure, molar
ratio Í2/Ñ3Í8 = 0.25 and the mass feed rate of
4 g/(gcat ⋅ h). The conditions of catalyst pre-
treatment prior to the reaction involved calci-
nation in air and reduction in a hydrogen flow
at 550 °C. The duration of each experiment was
equal to 5 h. The product composition was ana-
lyzed in an on line mode using a GC-1000 Chro-
mos gas chromatograph equipped with an Rt-
Alumina PLOT column (50 m long) and a flame
ionization detector.

RESULTS AND DISCUSSION

Effect of interlayer anion nature
on the mechanism of metal precursor fixation
and the properties of supported platinum

To date, there formed a simplified concept
of the mechanisms of interaction between ani-
ons and layered metal hydroxides such as hy-
drotalcite. It is assumed that the anions are in-
volved in the exchange with the interlayer an-
ions and OH groups of brucite-like hydroxide
layers to form the ionic-and-covalent bonds with
the metal atoms of [30]. The possibility of re-
alizing the anion-exchange mechanism is deter-
mined by the nature of  the interlayer anion in
LDH. As a rule, as a starting material one uses
the LDH species those are close in composition
to the naturally occurring hydrotalcite contain-
ing carbonate ions within the interlayer space.
The synthesis thereof using the method of co-
precipitation from the corresponding salt solu-
tions by sodium carbonate as a precipitant is
simple and exhibits a good reproducibility [30,
31]. At the same time, a low mobility of 2�

3CO
anions is experimentally observed: they can
readily extrude other anions from the interlay-
er space, but they exhibit a low capacity with
respect to the ion exchange replacement.

Attempts were made to explain this fact by
forming a network of hydrogen bonds between

2�
3CO  ions and water molecules [32]. However,

the formation of hydrogen bonds is inherent
in many anions, which formation could hardly
result in completely excluding thereof from the
exchange process. Most likely, the observed re-
sult could be associated with the interaction
between carbonate ions and OH  groups of
hydroxide layers with the formation of

�
2M� OCO  bond. In the course of its formation

there remains conserved one of the charges of
the anion involved in the compensation of the
excess positive charge of the layers. The possi-
bility of  mono- and bidentate coordination of
carbonate groups was also confirmed the au-
thors of [33] in the study of the processes of
dehydration of hydrotalcite interlayer space.

A low exchange capacity of  the carbonate
form of MgAl�LDH with the ratio Mg/Al =
3 : 1 was determined also with respect to the
doubly charged anionic platinum chloride com-
plexes [34]. In this case the reaction with
H2[PtCl6] does not affect the LDH structural
properties characterizing the layered material.
However,  the chloroplatinate could be fixed in
the interlayer space via using special techniques.
One of them consists in that the [PtCl6]

2� is
introduced in the course of the procedure of
reducing the layered structure due to the hy-
dration of the mixed oxide in an aqueous solu-
tion of the metal complex. In addition, it is pos-
sible to preliminarily introduce other anions
having good exchange properties [35]. So, we
demonstrated earlier that in the case of hy-
drating the aluminum-magnesium mixed oxide
in distilled water, the interlayer space contains
mainly ions ÎÍ�, whereas the subsequent re-
placement thereof by [PtCl6]

2� is close to the
maximum possible value. The replacement of
interlayer anions 2�

3CO  by ÎÍ� leads to struc-
tural changes in LDH: changing the position of
the basal reflex d003 inherent in these systems
characterizing the layered structure. Reducing
the value of d003 from 0.78 to 0.77 nm [34] con-
firms the change in the composition of the in-
terlayer space,  namely decreasing the size of
the interlayer anion. However, the subsequent
sorption of anionic platinum complex leads to
increasing the value of d003 parameter from 0.77
to 0.79 nm, which is consistent with the idea
of fixing the [PtCl6]

2� in the interlayer space
via anion exchange.

The targeted synthesis and use of layered
carriers with different anion-exchange proper-
ties allows selectively realizing different mech-
anisms for fixing the platinum complexes. So,
the authors of [34] revealed that in the case
of the reaction between [PtCl6]

2� and MgAl�
CO3 the fixation of the metal complex should
more likely occur with the participation of  the
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Fig. 1. Electron micrographs of the samples: a � Pt/MgAlOx (precursor of MgAl�CO3) after reduction treatment at 450 °C
for 2 h, Pt content 7.8 mass %; b � Pt/MgAlOx (precursor MgAl�OH), the same treatment, Pt content 10.2 mass % [34].

OH groups of the hydroxide layers to form
the hydrolyzed forms of platinum complexes
on the surface. As the result, after the reduc-
tion treatment there occurs the formation of
isometric platinum particles with the sizes of
2�4 nm (Fig. 1, a) located on the surface of
the aluminum-magnesium oxide.

In the course interaction between chloroplati-
nate and MgAl�ÎÍ,  the interlayer ÎÍ� ions
are readily replaced by doubly charged com-
plex anions [PtCl6]

2�, whereas the reduced sam-
ples with an insignificant fraction of small iso-
metric particles contain the platinum mainly in
the structure of larger particles with flat mor-
phology (see Fig. 1, b). This fact indicates that
the formation of the platinum particles occurs
under tight conditions of layered structure. The
length of the flat particles amounts to 50 nm,
whereas the thickness thereof is close to the
interlayer distance (d003 = 0.75 nm) in the orig-
inal manganese-aluminum hydroxide MgAl�ÎÍ.

Revealing the differences in the mechanisms
of fastening the metal complexes on MgAl�
LDH  in the hydroxide and carbonate forms was
performed using a 195Pt MAS NMR technique.
It is known that this method allows one to ob-
tain information concerning the composition of
adsorbed complexes and the nature of  their
interaction with the surface [36, 37]. In the
course of studying the [PtCl6]

2� complexes,
adsorbed on the surface of the carrier, it was

found that the NMR signals from 195Pt could
be observed only in the case when the octahe-
dral symmetry of the complexes under adsorp-
tion is retained or slightly distorted. So, with
coordination fixing the complex  on aluminum
oxide, when one or more of chloride ligands in
the [PtCl6]

2� anion are replaced by the hydrox-
yl groups of the carrier, one can observe ei-
ther significantly decreasing the intensity or
broadening the peaks, or the fact that NMR
signals are not detected. Just such a situation
occurs in the course of adsorbing the complex-
es on MgAl�LDH  with carbonate counterions.
On the surface there are hydrolyzed forms of
platinum complexes (according to ESDR [34]),
whereas 195Pt NMR signals of  these complexes
were not obtained. This result confirms the as-
sumption concerning the coordination fixation
of  platinum complexes with the participation
of OH groups inherent in hydroxide layers.

At the same time, in the case of using
MgAl�OH  as a carrier, the spectrum exhibits
a strong peak corresponding to chloride com-
plexes [PtCl6]

2�,   and a signal of  low intensity,
whose position is inherent in monosubstituted
chloro-hydroxo complexes such as [PtCl5(OH)]2�

[36, 37]  (Fig. 2). Consequently, the bond type
realized between the complexes of platinum
(IV) and the surface of the carrier does not
cause any noticeable changes in the chemical
composition of the complex and the geometry
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Fig. 2. 195Pt MAS NMR spectrum of platinum (IV)
complexes adsorbed on MgAl�OH. The sample was dried
at 25 °C for 48 h, platinum content 10 mass %.

Fig. 3. Conversion level of propane (a) and the selectivity
level of propylene formation (b) for the samples of 0.3Pt/
MgAlOx(

2�
3CO ) (1) and 0.3Pt/MgAlOx(ÎÍ�) (2). Platinum

content 0.3 mass %.

distortion; thus the mentioned bond type could
be attributed to weak electrostatic interaction.

It should be noted that the differences in
the mechanism of the fixation and the local-
ization of the precursor on the MgAl�LDH

with interlayer anions ÎÍ� and 2�
3CO  result in

the formation platinum centers those differ from
each other in the dispersity level of platinum
and catalytic properties. The dispersity level of
the supported platinum was determined for the
samples of 0.3Pt/MgAlOx (Pt content being of
0.3 mass %) with equal chemical composition,
differing only in the arrangement of the hy-
droxide precursor of the carrier.

The samples were preliminary calcined at
550 °C and reduced in hydrogen at 550 °C. From
data on the chemisorption of hydrogen mole-
cules one can see that the platinum particle dis-
persity level is equal to 73 % for sample 0.3Pt/

MgAlOx(
2�
3CO ), prepared using MgAl�CO3,

decreasing to 23 % in the case of mainly fix-
ing the chloroplatinate in the interlayer space
of the support with the use of MgAl�OH. In
this case, at a lower platinum dispersity level
the sample of 0.3Pt/MgAlOx(ÎÍ�) has a high-
er dehydrogenating activity (Fig. 3). Moreover,
the mentioned catalyst is more stable. So, in
the presence of the sample 0.3Pt/MgAlOx(ÎÍ�),
the conversion level of propane demonstrates
a 20.5 rel. % decrease for 5 h of operation,

whereas the sample 0.3Pt/MgAlOx(
2�
3CO ) ex-

hibits a 33.2 rel. % decrease of this value.

Thus, the choice of the interlayer anion al-
lows realizing the mechanism necessary for the
interaction between the metal complex and car-
rier, and changing the region of localizing the
precursor of active component in the course
of adsorption. As a result, with the same chem-
ical composition of Pt/MgAlOx samples one
could obtain the particles of supported plati-
num fundamentally different in size, morphol-
ogy, and catalytic properties under the model
reaction conditions.

Effect of Mg/Al ratio in layered double
hydroxides on the formation of platinum centers
in Pt/MgAlOx catalyst

The ratio between doubly and triply charged
cations in the hydroxide layers determines the
capacity of the interlayer space and the
strength of interaction between hydroxide lay-
ers and interlayer anions. In order to study the
adsorption of the platinum complexes we pre-
pared magnesium-aluminum hydroxide in the
carbonate form MgAl�CO3 with further con-
verting them into MgAl�ÎÍ via the stage of
mixed oxide hydration in water. The ratio be-
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TABLE 2

Main textural characteristics of the magnesium aluminum
oxide samples under investigation according to nitrogen

adsorption. Preliminary calcination of  the samples at 600 °C

Samples Mg/Al Ssp, m
2/g Vads, cm

3/g D, nm

MgAlÎõ(ÑÎ3) 2.2 264 1.02 15.4

MgAlÎõ(ÑÎ3) 3.1 242 0.63 10.4

MgAlÎõ(ÑÎ3) 4.0 171 0.38   8.9

MgAlÎõ(ÎÍ) 2.2 270 0.51   7.5

MgAlÎõ(ÎÍ) 3.1 220 0.29   5.3

MgAlÎõ(ÎÍ) 4.0 149 0.30   8.0

Fig. 4. Pore size distribution curves plotted basing on the
adsorption branch for MgAlOx samples with Mg/Al ratio =
2 : 1 (1, 3) and 3 : 1 (2, 4) obtained from precursors MgAl�
LDH with counterions OH� (1, 2) and 2�

3CO  (3, 4). The
samples were calcined at 600 °C; pore diameter is presented
in logarithmic coordinates.

TABLE 1

Structural characteristics of MgAl�LDH samples containing different counterions

under varying the ratio between cations

Samples Mg/Al d003, nm à, nm ñ, nm La, nm Lc, nm

MgAl�ÑÎ3 2.2 0.76 0.304 2.28 19.8 13.4

MgAl�ÑÎ3 3.1 0.783 0.306 2.35 16.7 12.1

MgAl�ÑÎ3 4.0 0.789 0.307 2.38 11.9   8.1

MgAl�OH 2.2 0.756 0.305 2.28 13.2   8.0

MgAl�OH 3.1 0.759 0.308 2.32   8.4   6.5

MgAl�OH 4.0 0.779 0.308 2.36   7.8   5.7

[PtCl6]/MgAl�OH* 2.2 0.766 0.305 2.29 15.0   9.0

[PtCl6]/MgAl�OH* 3.1 0.778 0.307 2.33 11.0   2.0

[PtCl6]/MgAl�OH* 4.0 0.798 0.310 2.38 � �

*Pt content in the [PtCl6]/MgAl�OH samples is equal to 12 mass % as calculated for the sample calcined at 600 °C.

tween the metals Ì2+/Ì3+ was varied within
the range of 2�4. Changing the Ìg2+/Al3+ ra-
tio resulted in considerable changing the struc-
tural characteristics of LDH. From Table 1 one
can see that increasing the Mg fraction results
in significant changing the basal reflexes d003

and d006 towards smaller angles and, conse-
quently, in an increase in the parameter c. This
could be connected with decreasing the elec-
trostatic interaction between the positively
charged brucite-like layers and the interlayer
spaces [30]. In addition, the reflex d110 is shift-
ed towards lower angles, resulting in increas-
ing the lattice parameter a due to the differ-
ence in the ionic radii values inherent in mag-
nesium (0.078 nm) and aluminum (0.057 nm).
Increasing the magnesium content also promotes
reducing the size of the crystallites in all the
directions, which results in increasing the half-
width both basal reflexes d003, d006, and reflexes

d110, d113. This tendency is inherent in LDH both
in the carbonate and in the hydroxide forms (see
Table 1).

The Ì2+/Ì3+ ratio (hydroxide layer charge)
in LDH determines to a considerable extent the
formation of the pore space in the oxide phase
occurring after high temperature processing,
and as well as acid-base properties thereof. With
decreasing the strength of interaction between
the hydroxide layers and interlayer anions, in-
creasing the magnesium content results in a
decrease of the specific surface area and total
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TABLE 3

Platinum dispersity level (D) according to H2

chemisorption for Pt/MgAlOx samples with different
Mg/Al ratio values. Platinum content 0.3 mass %

Samples Mg/Al D, %

0.3Pt/MgAlÎõ(ÎÍ) 2 : 1 44

0.3Pt/MgAlÎõ(ÎÍ) 3 : 1 33

0.3Pt/MgAlÎõ(ÎÍ) 4 : 1 21

Fig. 5. Adsorption capacity with respect to CO2 for MgAlOx

samples with different Mg/Al ratio values. Adsorption
temperature 30 °C; desorption temperature: 30, 100, 200, 300 °C.

pore volume of the aluminum-magnesium ox-
ides (Table 2), whereas the maxima of pore
size distribution exhibit shifting towards small-
er values (Fig. 4).

So,  the calcination of  MgAl?CO3 sample
with the ratio of Mg/Al = 2 : 1 leads to the
formation of an oxide phase characterized by
a wide pore size distribution within the range
of 10�100 nm (the fraction of mesopores within
this range being equal to 90 %) with a pro-
nounced maximum at 29 nm (see Fig. 4). Increas-
ing the ratio of Mg/Al up to 3 : 1 results in
decreasing the fraction of large mesopores, the
main fraction of pores occurring within the
range of 6�40 nm (70 %) with a maximum at
18 nm. When Mg/Al = 4 : 1 one can observe a
more uniform PSD: the fraction of the meso-
pores within the range less than 30 nm is equal
to 70�80 % with the maxima at about 13 and
4 nm. In the case when the OH anions (with a

smaller size as compared to anions 2�
3CO ) pre-

vail in the interlayer space, the value of a num-
ber of texture parameters exhibit a decrease
(see Table 2).

However, the tendency of Ì2+/Ì3+ influ-
encing upon them is the same (see Fig. 4).

The effect of Mg/Al ratio on the basic prop-
erties of magnesium aluminum oxides was stud-
ied using a method of CO2 adsorption [38, 39].
From Fig. 5 one could see that a higher capaci-
ty with respect to carbon dioxide is exhibited

by a sample with the maximum content of
magnesium (Mg/Al = 4 : 1). Although with in-
creasing the temperature of evacuation the total
amount of surface centers capable of retain-
ing CO2 exhibits a decrease, however even un-
der the most severe conditions of evacuation
(300 °C) there are some centers of strong chemi-
sorption. For the samples with the ratio of Mg/
Al = 2 : 1 and 3 : 1 the number of such centers
is almost equal, whereas the sample with Mg/
Al = 4 : 1, demonstrates this value to be four
times higher. Comparing the TPD for CO2 and
the IR spectroscopy data demonstrated [40] that
the processing temperature below 100 °C pro-
vides completely removing the bicarbonate spe-
cies adsorbed on weakly basic centers. At 300 °C,
strongly adsorbed bidentate forms of CO2 mo-
lecule are removed.

Introducing the platinum complexes to the
structure of LDH was carried out using MgAl�
OH with different Mg/Al ratio values. It is dem-
onstrated that the exchange with the interlay-
er anions ÎÍ� promotes a considerable increase
in the interplanar spacing of  LDH  (see Table 1).
Increasing the interplanar distance with de-
creasing the fraction of aluminum (and, con-
sequently, the excess positive charge) and with
a close content of the metal complex within
the layers might indicate decreasing the
strength of interaction between the metal com-
plex and the carrier. This effect can further
influence upon the process of forming the sup-
ported platinum particles.

So, using the method of TPR it has been
found that increasing the proportion of alumi-
num  from 0.2 (Mg/Al = 4 : 1) to 0.33 (Mg/Al =
2 : 1) and the positive charge value for the lay-
er, the platinum reduction process becomes
complicated: the maximum of the TPR peak
exhibits shifting from 205 to 240 °C. In this case,
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Fig. 6. Conversion level of propane (a) and the selectivity
level of propylene formation (b) for 0.3Pt/MgAlOx samples
with different Mg/Al ratio values: 2 : 1 (1) 3 : 1 (2) 4 : 1 (3).

despite the higher reduction temperature, en-
hancing the interaction between the metal com-
plex and the carrier leads to the formation of
more dispersed platinum particles (Table 3). The
difference in the dispersity level and determines
the difference in the activity of the samples
obtained. From Fig. 6 it follows that the highest
values of the conversion level during the en-
tire time of the experiment are observed for
the sample with the maximum content of alu-
minum with D = 44 %  (see Fig. 6,  a). Decreas-
ing the dispersity level and the number of re-
action centers, the activity of the samples ex-
hibits a decrease.

The selectivity in the formation of differ-
ent reaction products for the samples under in-
vestigation is different only within the initial
period of the experiment (during the first hour
of the reaction). This sample with the ratio Mg/
Al = 2 : 1 having less pronounced basic proper-
ties is characterized by a high activity in non-
target C?C bond hydrogenolysis reactions with
the formation of methane, ethane and ethyl-
ene. However, under steady-state conditions the

selectivity level values for the samples under
investigation with respect to forming the target
product (propylene) become comparable to be
equal to 96�97 % (see Fig. 6, b).

CONCLUSIONS

A synthesis of layered aluminum-magne-
sium hydroxides with different Mg/Al ratio
values and different nature of  interlayer an-
ion was performed. The differences revealed in
the basic structural parameters of LDH are
associated both with the nature of  a counteri-
on and with the ratio between two- and triply
charged cations in the hydroxide layers. In the
case of the transition from LDH in the car-
bonate form (MgAl�CO3) tor LDH  in the hy-
droxide form (MgAl�OH) at the same ratio Mg/
Al = 3 : 1, the main result consists in reducing
the size of the interlayer anion, which leads to
reducing the interlayer distance. Good exchange
properties inherent in ÎÍ� counterion promote
fixing the chloride complexes of platinum (IV)
in the interlayer space of LDH via the elec-
trostatic interaction with the brucite-like lay-
ers. The subsequent platinum reduction under
the tightened conditions of the layered struc-
ture leads to the formation of platinum cen-
ters characterized by a higher activity and sta-
bility in the course of the model reaction of
propane dehydrogenation.

Increasing the fraction of aluminum in hy-
droxide layers causes increasing the positive
charge density and enhancing the electrostatic
interaction. Consequently, there is a decrease
in the interlayer distance in the presence of
interlayer anions of  the same nature. From the
MgAl�LDH samples with a high content of
aluminum and a high content of anions in the
interlayer space, an oxide phase with the most
developed surface area and pore volume is
formed. Furthermore, increasing the proportion
of aluminum in the MgAl�ÎÍ composition pro-
motes the anionic exchange to replace the in-
terlayer anions of the carrier by anionic plati-
num (IV) complexes. In this case, not only the
adsorption of a great amount of complexes
occurs, but also a more tight interaction there-
of with the layered carrier. Thereby, the sub-
sequent reduction treatment leads to the fact
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that much more dispersed platinum particles
are formed. As the result, the 0.3Pt/MgAlOx

catalysts with the ratio Mg/Al ~ 2 : 1 exhibit
the highest dehydrogenation activity in the se-
ries of the samples studied.
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