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Abstract

Hydrotalcite precursors, and subsequently mixed oxide catalysts, with different loadings of vanadium were studied. A modified method of
preparation at fixed pH but various amounts of the decavanadate anions below the stoichiometric value, was applied. Different vanadate species as
well as carbonates were identified according to XRD patterns and FTIR spectra. The increasing content of vanadium resulted in change of the
catalysts properties such as basicity (lower at high V loadings), pore size distribution (pronounced sintering for the highly loaded samples) and the
catalytic activity. The highest specific activities were observed for the catalysts with high V content and decreased with decreasing transition metal
loading, while the products distribution was more complex, depending both on the basicity and V content.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Hydrotalcites are promising catalysts’ precursors since they
allow obtaining materials with variable composition and
significantly high metal oxide dispersion. Their structure consists
of brucite-like layers in which a part of divalent cations (M") is
substituted by trivalent ones (M'™). An excessive positive charge
is balanced by hydrated anions (A" ") placed between the layers.
Thus, general formula of hydrotalcites (HT) may be given as
M",_ M"™ (OH),]A,,"zH,0. Tt is possible to change
chemical composition of such materials by substitution of metal
cations, i.e. Cu®*, Ni**, Zn>*, Fe**, Cr**, or interlayer anions, i.e.
Cr,0%7, Mo0,0,°", V,0,*~ [1,2]. Due to hydrotalcites
flexibility, the resulting catalysts can be tailored with suitable
acid-base and redox properties for studied reaction.

In the present work the usual preparation procedure has been
modified. In order to tune transition metal content in the
hydrotalcite-like precursor, decreasing amount of vanadate
anions available for anion exchange in aqueous solution was
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used. This allowed us to study the influence of selected
parameters on the catalytic activity. Gradual change of
vanadium content in the series of the catalysts provided more
diverse data than in previously reported study carried out on
hydrotalcite-derived mixed oxides [3—-6].

2. Experimental

Catalysts’ precursors were obtained by ionic exchange of
carbonates with decavanadates in the Mg—Al hydrotalcite.
Carbonate-containing hydrotalcite with metal ratio Mg/Al
close to 2 was prepared using standard co-precipitation method
at constant pH. The solution of Mg(NO3),-6H,O (51.2 g,
0.2 mol) and AI(NO3)3-9H,0 (37.5 g, 0.1 mol) in 200 ml of
distilled water was added drop-wise to 100 ml of aqueous
solution of Na,CO;3 (6.6 g, 0.06 mol). Co-precipitation was
carried out at 60 °C under vigorous stirring at pH equal
10.0 £ 0.2. The pH was controlled by simultaneous addition of
NaOH (10%). Obtained suspension was stirred for 1 h at 60 °C.

The precipitate, filtered and washed carefully with distilled
water, was divided in seven equal portions. Six of them were
submitted to ion-exchange (HP8—HP100). The last one (HPO)
was used as an undoped reference. The pH equal to 4.5 of an
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approximately 8% hydrotalcite suspension was adjusted using
HNO; (1:10), then proper amount of decavanadate was added.
In the case of complete substitution of CO327 by V1002867
(HP100) 25% excess of the vanadate solution was used. The
decavanadate solution was prepared by dissolving 11.7 g of
NaVOs3-H,0 in 280 ml of H,O and adjusting the pH to 4.5.
Ideally, this procedure should result in the theoretical exchange
degree of vanadate for CO3>~ in the range from 0 to 100% of
the value required for the complete balancing of the layer
charge in the whole series, which is equivalent to 0-30 wt.% of
V in the resulting catalysts.

Total time of addition and aging at 60 °C was 1 h.
Afterwards the suspensions were filtered, washed with distilled
water and dried in air at 60 °C for 18 h. The exchanged HTs
were calcined at 700 °C for 13 h in static air to obtain proper
catalysts in the form of mixed metal oxides. The hydrotalcite
precursors were denoted as HPy while the calcined samples Py.
The number (y) in the sample name stands for intended
percentage of ion-exchange extent.

Powder X-ray diffraction patterns of the hydrotalcites
(precursors) and the hydrotalcite-derived oxides (catalysts)
were measured using Philips X’ pert PW 3710 diffractometer
(Cu Ka radiation, A = 1.54184 A), while FTIR spectra were
recorded with Bruker IFS 48 spectrometer using the KBr
pellet technique. On the basis of XRD data, cell parameters a
and ¢ were calculated from the formulas: a =2 x d; | ¢ and
c=Bxdyg3z+6xdyoe)2 (for pyrovanadate- and carbo-
nate-rich phase) or ¢ =(6 X dygg+9 X dyoo)2 (for dec-
avanadate-rich phase). Additionally, the crystallite size kc and
ka was estimated on the basis of the line broadening using
Debye-Sherrer equation: D = kc = ka = 0.89 A/(8 X cos 0).

Chemical bulk analysis was performed using elemental
analyzer Euro Vector EuroEA 3000 (C, H, N) and XRF
spectrometer Oxford 2000 (Mg, Al, V). Using these data
several parameters were calculated such as: ion exchange
extent (the percentage of the brucite layer charge compensated
by V100,5%7), difference between expected and obtained AlP*
fraction x = [Al/(Al + Mg)] and leaching extent (change of x)
due to ion exchange.

Textural properties of the calcined materials were studied by
means of low temperature N, adsorption in ASAP 2010
(Micromeritics) sorptometer. Surface acid and basic properties
were determined by temperature-programmed desorption TPD
of probe molecules (NH; and CO,, respectively). After
outgassing in N, flow and cooling down, the flow of NH;j
(1% NH3/He = 20 ml/min) or CO, (85 ml/min) was applied. In
the case of carbon dioxide adsorption samples were transferred
into desiccator and kept for next 24 h in pure CO, atmosphere.
Evolution of desorbed molecules was followed by quadrupole
mass spectrometer VG SX-200.

Catalytic activity in ODH of n-butane was studied in plug-
flow microreactor charged with 50 mg of catalysts. After
outgassing in N, at 550 °C the catalyst bed was fed with
reaction mixture (10% n-C4H;y, 10% O,, 80% N,, total
flow = 100 ml/min) and substrate and products were analyzed
on line in GC chromatograph Varian 3400 equipped with TCD
and FID detectors.

3. Results and discussion
3.1. Hydrotalcite-like materials

In the Fig. 1. the X-ray powder diffraction patterns of the
hydrotalcites intercalated with lower than stoichiometric
amount of decavanadates are shown. Comparison of the
spectra with Ref. [7] leads to the conclusion that all of the
obtained samples had rhombohedral symmetry 3R;. The
patterns can be divided in two groups: carbonate like patterns
characteristic for the samples intercalated by carbonates or
other small anionic species (HPO-HP20) and decavanadate-like
typical for the hydrotalcites pillared with large anions (HP40-
HP100).

In the first group basal reflections (0 0 1) are situated in the
same range as it is reported for carbonate hydrotalcites. For the
second group significant shift of basal reflection towards lower
26 degrees was observed as well as presence of side phase, Mg/
Al vanadate. In the case of the sample HP40 we claim that both
phases, carbonate-rich and decavanadate-rich, coexist. The data
collected in Table 1. Show that cell parameter c is increasing
from 22.98 A (the value typical for CO;> -containing
hydrotalcite with high layer charge [2]) to 25.38 A, probably
due to partial intercalation with small vanadate species.
Observed depolymerization of decavanadates may occur in
diluted solutions [8,9].

Further increase of the amount of decavanadates solution
used in the preparation resulted in increase of interlayer
distance up to 35.29 A, which is slightly less than 35.7 A

003 v - Mg/Al vanadate
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Fig. 1. XRD patterns of not-exchanged sample (HPO) and decavanadate-
exchanged hydrotalcites (HPS§—HP100).
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Table 1

Variation of ion exchange extent, cell parameters and crystallinity of not-exchanged sample (HPO) and decavanadate-exchanged hydrotalcites (HP8—HP100)

Hydrotalcite Ton exchange extent (%)* Cell parameters (A) Crystal size (1‘1m)b
Intended Obtained cct o a ke Number of ka
layers®

HPO 0 0 22.98 3.048 13.7 18 30.8
HP8 8 49 23.16 3.042 9.5 12 24.7
HP20 20 11.1 23.31 3.038 8.2 10 24.4
HP40 40 30.5 25.38 34.85 3.034 - - 24.0
HP60 60 38.3 35.23 3.035 13.3 11 20.2
HP80 80 46.7 35.29 3.031 14.3 12 18.4
HP100 100 64.1 35.08 3.035 21.6 18 21.5

 Percentage of layer charge compensated by V;¢0,5®; obtained values of ion exchange extent were calculated on the basis of chemical composition of the

catalysts (Al/V ratio).
® Calculated using Debye-Sherrer equation.
¢ Dominant interlayer anion C032’, c=3dy o3+ 6dyge)2.
4 Dominant interlayer anion V00,5°", ¢ = (6dy o ¢ + 9dp 0 0)/2.
¢ Number of layers per crystallite parallel to z-axis.

usually ascribed to V1002867 with its C, axis oriented parallel
to the brucite-like sheets [10-12]. The reason that cell
parameter ¢ did not reach values typical for pyro- and
decavanadate-pillared materials could be high trivalent metal
content and consequently strong interactions between brucite-
like layers and anions. Progressive deterioration of the
structure, due to dissolution in acidic conditions, resulted also
in the decrease of the cell parameter a. In such conditions
mainly Mg?* cations, having bigger ionic radius than AI**, are
extracted from the hydroxide layers.

The crystallite size ka remain almost unchanged for all of the
samples immersed in acidic solution (HP§-HP100) while small
discrepancies in kc values (HP8—HP80) may be assigned to
overlap of basal reflections of coexisting carbonate- and
vanadate-rich phases. It was observed that the crystallites of
vanadate-free (HPO) and carbonate-free (HP100) samples
consist of the same number of layers, but the crystallite
thickness increases due to successful intercalation of V;40,5° .

Two phenomena concerning the extent of ion-exchange are
worth mentioning. Firstly, for all vanadate-exchanged samples
the obtained values were lower than intended. This is caused by
repulsion between large decavanadate anions and strong
interactions between the layers and anions. Both mechanisms
lower the intercalation efficiency. Secondly, complete sub-
stitution of CO;>~ by V100, is not essential to obtain
pillared nanostructure. Expanded interlayer distance was
observed even when only 38 % of required decavanadates
were introduced (HP60).

In infrared spectra (Fig. 2.) of the series of hydrotalcites
several bands were assigned to OH™ stretching vibrations
(~3450 cm™") as well as bending modes of interlayer water
molecules (~1626 cmfl) [13]. Although low pH of ion-
exchange was applied, modes assigned to CO5>~ were present
in the samples HP8, HP20, HP40 and even HP60. However, the
higher amount of vanadates was used the lower intensity of
following bands was observed: 1360/1404 cm ™" (v5 stretching
C0;%7), 3035 cm ™! (bridging CO5*> —H,0) [13]. On the other
hand, decavanadate modes became more intensive in the same
order (HP40, HP60, HP8O, HP100): 964 cm™! (symmetric

stretching vibrations of VO, or terminal V=0), 812 and
516 cm™ ' (antisymmetric and symmetric stretching vibrations
in V-0O-V chains), 740 cm ! (stretching V-0) and 676 cm ™!
(H,V00:5° %, x = 1-3) [14-16].

3.2. Calcined materials
Chemical composition of the studied catalysts is shown in

Table 2. As explained above, the actual extent of ion-exchange
in all samples was lower than expected. Nevertheless, the

absorbance [a.u.]

I v': I
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Fig. 2. FT-IR spectra of not-exchanged sample (HPO) and decavanadate-
exchanged hydrotalcites (HPS—HP100).
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Table 2

Chemical composition of V-doped catalysts

Catalyst Chemical composition (wt.%) Molar ratio Deficiency Leaching

x = [Al/(Al + Mg)] of x (%)* extent (%)°

Mg Al Ve

PO 36.1 21.2 0.0 (0) 0.346 39 -

P8 30.8 22.6 3.5(5) 0.397 19.2 12.9

P20 28.4 21.0 7.3 (10) 0.400 20.0 13.4

P40 21.6 17.8 17.1 (18) 0.426 27.9 18.8

P60 21.6 159 19.2 (23) 0.399 19.6 13.1

P80 19.7 14.9 21.9 (27) 0.406 21.8 14.7

P100 18.9 12.5 25.2 (30) 0.373 12.0 5.1

 Difference between expected (0.333) and obtained value.
" Change of x after anion exchange with respect to precursor.
¢ Intended values in parentheses.

applied preparation method provided series of mixed oxides with
wide range (from 3.5 to 25.2 wt.%) of transition metal content.
Chemical analysis confirmed altered metal cations ratio and
increase of AI’* fraction (x). Leaching of Mg®* in V-doped
samples with respect to reference material (PO) reached 18.8%.

Structural study (Fig. 3.) of hydrotalcite-derived catalysts
with low V-loading (P8, P20) showed mainly quasi-amorphous
phase of MgO (periclase), but in comparison to undoped
catalyst (PO) there were also traces of another phase. Weak
reflections at 20°, 31°-32° and 58° 20 were assigned to
dispersed vanadate phase, probably Mg;V,0g. With increasing
V-loading more sharp peaks were observed as a result of
increasing crystallinity of the studied catalysts. The structure of
the sample P40 consisted of three different species: MgO,
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Fig. 3. XRD patterns of V-doped hydrotalcite-derived catalysts.

Mg;V,05 and a-Mg,V,0;. The mixture of MgO and o-
Mg,V,0; was identified for the samples P60, P80 and P100.
These results are consistent with characteristics of Mg- and V-
containing hydrotalcite-derived catalysts and with the phase
diagram of mixed oxide systems Mg-V-0 [4,17-20].

For the selected samples FTIR spectra were recorded
(Fig. 4.). With increasing the crystallinity of the samples sharp,
well-resolved bands were observed. For the sample P80, with
high V content and a-Mg,V,05 structure, modes characteristic
for pyrovanadates were assigned at 971-976, 919, 875, 848,
822 cm . For the sample with low V-loading (P20) bands at
970, 918, 823, 492 and 470cm~! were ascribed to
orthovanadate. It should be stressed that both assignments
are only tentative due to not well resolved bands in both spectra
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Fig. 4. FT-IR spectra of V-doped hydrotalcite-derived catalysts.
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Fig. 5. Surface areas and total pore volumes as function of vanadium content of
V-doped hydrotalcite-derived catalysts.

and proximity of diagnostic modes [17,21-23]. For the sample
P40 several overlapping bands were found (971-977, 918, 859,
848, 848, 833, 490, 462 cmfl), thus neither pyrovanadate nor
orthovanadate cannot be excluded.

Two of the studied samples, PO and P20, showed ability of
CO, adsorption when contacted with air. On the catalysts
surface bicarbonates (v, 1651/1658 cmfl), bidentate carbo-
nates (v,s: 1616/1628-1638 cm™ ") and unidentate carbonates
(vas: 1525/1500-1547 cm ™', vg: 1420/1400-1430 cm™') [24]
were formed.

The main parameter that was altered within the series of
the catalysts was vanadium content. As shown in Fig. 5. and
Table 3, both textural parameters Sggt and total pore volume
decrease gradually with increasing V-loading, from 216 m?/g
and 0.757 cm’/g to 14 m*/g and 0.044 cm>/g for undoped (P0)
and highly loaded (P100) catalysts, respectively. Continuous
sintering of pores in the same order (PO-P100) is shown in
Fig. 6. In the first stage the smallest pores (/1.6 nm)
disappear, then bigger ones (/6.0 and ~10.0 nm) and in the
end non-porous solid is formed (P100). Hysteresis loops
(Fig. 7) [25,26] for all of the catalysts indicated the presence
of bottle-shaped pores.

Concentration of basic sites responsible for CO, adsorption
observed in FTIR spectra were measured by means of CO,-
TPD (Table 4.). Highly basic (678.8 pmol CO,/g, 3.148 pmol
CO,/m?) undoped catalyst PO contains at least two groups of
basic sites of different strength; maximum desorption rate was

Table 3
Surface areas, total pore volumes and pore size distribution of V-doped catalysts

Catalyst Textural properties Maxima of pore diameter
distribution (nm)
Sger (m’/g)  Vigw (cm¥g)
PO 216 0.757 1.6, 6.4
P8 184 0.608 1.6,5.3
P20 141 0.554 (1.5), 5.9
P40 42 0.198 9.8
P60 39 0.136 12.7
P80 37 0.118 11.5
P100 14 0.044 (1.7), (16.9)
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Fig. 6. Adsorption—desorption isotherms obtained on V-doped hydrotalcite-
derived catalysts.

observed at 167 °C and 270 °C (Fig. 8.). Carbon dioxide was
desorbed from the surface of the two catalysts doped with
smallest portions of vanadium, P8 and P20, in the same
temperature range but in lower amount. In this case new strong
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Fig. 7. Pore size distribution for V-doped hydrotalcite-derived catalysts.
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Densities and number of acid and basic sites obtained in NH;-TPD and CO,-
TPD on V-doped catalysts

Catalyst Density Amount Coverage
(wmol/m?) (wmol/g) (% of Sppr)
NH; CO, NH; CO, NH;? Cco,°
PO 0.452 3.148 97.5 678.8 1.50 27.19
P8 1.233 2.527 226.9 464.9 4.10 21.82
P20 1.285 1.971 181.6 278.6 4.27 17.02
P40 1.380 1.120 57.6 46.8 4.60 9.67
P60 1.375 0.520 53.6 20.3 4.57 4.49
P8O 0.372 2.219 13.7 81.7 1.24 19.16
P100 1.452 8.318 20.5 117.4 4.82 71.82

 Cross-sectional area of NH; = 0.05515 nm>.
® Cross-sectional area of CO, =0.14336 nm>.

basic sites with maximum desorption rate at 467-464 °C were
formed. We assume that introduced vanadium ions modify
properties of already existing basic sites rather than give rise to
creation of new ones.

Further increase in the V-content from P40 to P100 did not
change significantly the strength of basic sites, from which
desorption occurs at temperatures between 140 and 470 °C,
but reduced their quantity. Generally, the quantity of basic
sites decreased to 20.3 pmol CO,/g and basic sites density to
0.520 wmol CO,/m? in the group of the catalysts PO—P60.
High values of both parameters were observed for the last two
high-crystalline samples, P80 and P100. It cannot be excluded
that in described experiments not only chemisorption was
observed but a part of adsorbed CO, formed bulk carbonates.
Nevertheless, similar basic sites densities were reported
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Fig. 8. CO, desorption profiles for V-doped hydrotalcite-derived catalysts.

elsewhere for the Mg/Al hydrotalcite-derived mixed oxides
[27,28].

Much lower quantities of adsorption sites on the surface
of the catalysts PO-P8—P20 were measured using basic probe
molecule NH3; 97.5, 226.6, 181.6 wmol NH3/g, respectively.
For the rest of the studied samples amounts of adsorbed
ammonia were even smaller, ranging from 57.6 pmol NHs/g
for P40 to 13.7 wmol NHj/g for P80. Although decreasing
quantities of ammonia per mass unit were desorbed in the
catalysts with increasing V-loading, the introduction of
vanadium enhances the acid sites density. Value of this
parameter is similar for most of the V-doped samples and
equal 1.2-1.4 umol NH;/m>. Consequently, the coverage of
the surface almost does not change and is close to 4%. NH;
desorption profiles shown in Fig. 9 do not have as rich
structure as in the case of CO,. Broad asymmetric peaks
start at around 100 °C and their maxima are in the range of
205-254 °C for the samples PO-P60 and 157-177 °C for
P80-P100. The shape of desorption peaks indicate the
influence of diffusion effects and probable re-adsorption of
molecules.

3.3. Catalytic study

Modification of the hydrotalcites preparation procedures
applied in present work gave the opportunity to study the
influence of the transition metal loading on the activity and
selectivity in ODH of n-butane. In this case the influence of
other preparation parameters, in particular pH of ion exchange
strongly affecting the metal ratio in the brucite-like layers,
could be neglected.
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Fig. 9. NHj; desorption profiles for V-doped hydrotalcite-derived catalysts.
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Fig. 10. Activities and selectivities of V-doped hydrotalcite-derived catalysts in
ODH of n-butane (X: conversion, S: selectivity, SX, SY: specific activity and
specific yield [mmol/h m?]).

Conversion of n-butane (Fig. 10.) for the undoped Mg/Al
mixed oxides (P0) as well as the catalysts with the smallest V
loadings was around 50%. It decreased subsequently to 15%
(P100) when higher quantities of transition metal were present.
On the other hand, total selectivity to dehydrogenated products
increased from 2% (P0O) to 31% (P8). Further increase of V
loading brought about slight decrease of this parameter
(Sopn = 22-19% for P20-P40-P60) and again increase for
the last two samples (Sopy equal 30 and 50% for P80 and P100,
respectively).

There were also observed products of undesired reactions
such as cracking and total oxidation. Selectivity to alkanes was
not higher then 8% within the whole series. CO, was formed
with selectivity lower than 50 % only for one catalyst (P100).
Significant selectivity to carbon oxides was observed for the
other V-doped catalysts (Sco, = 62 — 75%) as well as undoped
one (Sco, = 92%).

Opposite trend was obtained for specific activity SX. High
crystalline samples P40—P100 are more active than amorphous
ones, PO-P20. Specific yield of dehydrogenation products
(SYopn) follows the same trend as specific activity. The highest
yield of CO, was found for the high crystalline samples with
medium V loading (P40-P80).

The most efficient catalysts showed high activity (X) and
selectivity towards desired products (ODH) with relatively low
selectivity to CO, at the same time. This applies to low
crystalline catalysts with the structure of MgO containing
dispersed vanadate phase (P8—P20). On the other hand, catalyst
with the structure of a-Mg,V,05 (P100) was very selective in

ODH. The performance of the two first mentioned catalysts
(P8-P20) can be additionally enhanced by lowering the
conversion of alkane and by blocking consecutive reactions,
mainly total oxidation.

Comprehensive explanation of obtained results requires
detailed analysis of structural, redox and acido—basic properties
of the catalysts. In majority of papers dealing with Mg-V-O
oxide catalysts for ODH of alkanes, magnesium orthovanadate
Mg;V,05 is recognized as active and selective phase.
Pyrovanadate «-Mg,V,0; or metawanadate MgV,0q are
responsible for deep oxidation, mainly CO, [29-31].

Orthovanadate or low crystalline MgO with VO, tetrahedra
lowers the amount of available oxygen ions. Oxygen atoms
from pyrovanadate, in which VO, tetrahedra share the corners,
are easily released to take part in the reaction according to
Mars-van Krevelen mechanism. Thus, the correlation between
reducibility and catalytic activity was proposed—the easier
reducibility of the cation, the lower selectivity to ODH products
is observed [32,33]. For this reason, the catalyst containing
isolated VO, groups should be more difficult to reduce than o-
Mg,V,0; and MgV,0¢. Nevertheless, results reported by
Chang et al. [34] showed that such materials (similar to the
samples P8 and P20) were easily reduced at temperatures lower
than used for pyrovanadate (e.g. P100).

To fully explain obtained results, another mechanism must
be taken into account. Due to relatively high electronegativity
of Mg, oxygen atom in Mg—O-V unit is more nucleophilic
(basic) than in correspondent V-O-V units. According to
mechanism described by Bielanski and Haber [35,36],
nucleophilic oxygen anions activate hydrocarbon molecule
by hydrogen abstraction. Electrophilic (acidic) oxygen anions,
such as in V-O-V units, lead to total oxidation.

Products distribution can be explained on the basis of acido—
basic character of the catalysts. Highly basic catalysts favor
desorption of alkenes and thus consecutive reaction are stopped
[29,30,37]. Enhanced production of CO, on P40 and P60
catalysts might be due to their high acid sites density, while
products desorption from highly acidic and highly basic surface
of P8-P20 catalysts occurs when 1,3-butane is formed in
significant amount.

Additional information concerning reaction mechanism is
provided by analysis of butene isomers distribution. The most
probable route of butane activation is formation of secondary
butyl radical. This hypothesis is based on observed 1-
butene:cis-2-butene:trans-2-butene ratio close to 2.6:1.0:1.0
for highly V-loaded catalysts. For the catalysts with vanadium
content lower than 10 wt.% this ratio is close to 2.0:1.0:1.0,
which is still different from equilibrium ratio (1.0:1.0:1.1) [30].

Specific activity and specific yield of dehydrogenated
products in general depend on vanadium content. It should be
noted however, that other effects may play important role in the
description of the studied mechanism. For example, synergy
between different phases present in P8—P20 (MgO and
orthovanadate), P40-P100 (ortho- and pyrovanadate).
Enhancement of catalytic performance due to such phenom-
enon was reported for Mg—V-O oxide catalysts studied in ODH
of propane [38].
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4. Conclusions

Application of lower than stoichiometric amount of
vanadates during intercalation procedure resulted in formation
of the structure typical for the hydrotalcites pillared by mixture
of carbonates and small vanadate anions and/or decavanadates.
At low percentage of ion-exchange, a mixture of various
anionic species was observed due to depolymerization of
decavanadates in diluted solutions.

In the course of the calcination mixed metal oxides were
formed; however, the phase composition depended on
vanadium content. For the samples with ion-exchange up to
20% mainly periclase (MgO) phase was identified. The
hydrotalcites with high vanadate content after calcination
consisted of the mixture of MgO and a-Mg,V,0;.

The surface area of the catalysts varied from 216 to 14 m*/g
and the pore volume from 0.757 to 0.044 cm®/g for the lowest
and the highest vanadium content in the sample, respectively.
Bottle-shaped mesopores with diameter around 6 nm were
identified in samples with small V-loading. The increase of
vanadium content to 25 wt.% caused formation of nearly non-
porous solid.

Surface acidity per surface unit increases in V-doped
catalysts with respect to undoped reference sample and remains
constant for most of the samples. Total basicity per surface unit
as well as per gram decrease in the case of V-doped samples (up
to 19 wt.%) and then slightly increases for the samples with the
highest V-loading.

Specific activity of the studied catalysts also depends on V-
content. The higher amount of V is introduced, the more butane
molecules reacts per surface area unit. The highest selectivities
to ODH products (up to 31%) and simultaneously the lowest
selectivity in burning to CO, were observed for the two
catalysts with the smallest V content. Nevertheless, the specific
yield of ODH products per surface unit was highest for the
catalysts with V-loading in the range of 17-25 wt.%. Decrease
of 1,3-butadiene selectivity at high V-loading should be related
to the presence of the high crystalline a-Mg,V,05. Both acid
and basic sites are necessary for high activity and selectivity in
ODH of n-butane; however, total selectivity for the dehy-
drogenated products was higher on the highly basic catalysts.
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