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Total catalytic oxidation of methane and propane was performed on mixed oxides obtained from a Fe/
FeL.DH precursor calcined at different temperatures: 550°, 650° and 750°C. The textural properties of the
samples, determined by N, adsorption-desorption at 196°C depended on the calcination temperature. The
specific surface areal (. S, ) and the pore volume (V ) decreased when the calcination temperature increased.
These changes are posszgly due to the sintering phenomena in the solid accompanied by micropores closure.
The catalytic properties were not influenced by the calcination temperature, the activity being determined by
the nature of hydrocarbon that was subjected to the total oxidation reaction, and by the reaction temperature.
The conversions were functions of hydrocarbon concentration in the reaction mixture and increased with
reaction temperature.
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Nowadays, there have been continuing efforts to develop
new and improved catalytic systems for removing toxic
environmental pollutants. CO removal from flue gases is a
well-known process [1]; for other volatile organic
compounds (VOCs) research is on-going in order to find
efficient, stable and non-expensive catalytic systems [2-
5]. Recently reported results showed that some cost
effective and promising catalytic systems for the total
oxidation of methane and propane are based on iron
containing oxides [6-9]. The nature of the active sites, but
also the catalyst textural and surface properties are
important factors determining the catalyst performance;
the specific characteristics of the catalyst nanoparticles
and/or their agglomerations, their shape, size and
organization pattern that give rise to tailored nanoporous
properties and high surface areas may open new
possibilities for designing better catalysts [10, 11].

Represented by the general formula [M",_M" (OH) Jx+
[A™  -nH,0]*, layered double hydrox1des anionic clays
(LDI{8) are built up of edge-sharing metal octahedral
sheets, where, by comparison to brucite M(OH),, part of
M!is replaced by M" metal cations; the excess of the
positive charge is counterbalanced by exchangeable
anions, A™-, located, as well as water molecules, in the
interlayer space [12]. The large variety of compositions
that can be developed by changing the nature of the divalent
and trivalent cations (M", M"), the interlayer anions (A™)
and the stoichiometric coefficient (x) give rise to a large
diversity of layered anionic clay - like structures [13]. The
thermal decomposition of hydrotalcite-like materials
around 500°C produces stable homogeneous and highly
dispersed mixed metal oxides with a high surface area
and displaying specific acid - base / redox and textural
pr(])perties, with well-known applications as catalysts [13-
18].

Based on this information, we present original results
concerning the use of iron oxides supported on
nanostructured formulations based on iron substituted
hydrotalcite-like anionic clays, as catalyst precursors for
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the total oxidation of methane and propane. We report the
influence of the catalyst textural properties on the catalytic
performances in the total oxidation of methane and
propane.

Experimental part
Catalysts preparation

The iron containing LDH precursor (denoted as FeLDH)
was synthesized by the co-precipitation method [19] from
metal salts aqueous solutions (Mg(NO ),’6H,0,
FeSO, 7H,0 and AI(NO,)-9H,0 - molar ratio = 9/0.5/05).
The prec1p1tatmg agent aqueous solution (NaOH/Na,CO,,
1 M) was added at 37°C, under constant mtrogen ﬂow by
stirring at constant pH of 89 + 0.2. The precipitate was
aged, separated by centrifugation, washed with warm
double deionized water until sodium free, dried under
vacuum overnight and then calcined in air at 450°C for 7 h
with a heating rate of 8°C min‘.

The iron oxide-LDH ensemble (denoted as Fe/FeLDH),
used as catalyst precursor, was prepared [19] by adding
the calcined FeLDH clay powder to a FeS3O, aqueous
solution (1 M), under stirring and nitrogen atmosphere (the
volume of the FeSO, solution was calculated so that the
SO, concentration has exceeded two times the exchange
capac1ty of the clay), then aged at 65°C.

The Fe/FeLDH sample was then calcined at three
different final temperatures: 550, 650 and 750°C (heating
ﬁate )1 0°C min’, the final temperature being maintained for

0h).

Catalysts characterization

Elemental analyses were performed by ICP emission
spectroscopy, with a SPECTROFLAME-ICP spectrometer,
using solutions prepared by dissolving the samples in dilute
H,SO

’X- r4ay powder diffraction patterns were recorded on a
DRON- 2 diffractometer equipped with a Cu Ko: source (A
= 1.54 A). They were recorded over the 10-70° angular
range with a 0.02° step and an acquisition time of 1 s per
point.
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Fig. 1. XRD patterns of the calcined
samples: (a) 550°C; (b) 650°C; (c) 750°C;
P - periclas (MgO), M - magnetite
(Fe,0,), H - hematite (Fe,0,)

o ” s

N, adsorption isotherms were measured at -196°C on a
Micromeritics ASAP 202 V3.00 H automated gas adsorption
system. Prior to the measurements, the samples were
heated for 10 h under vacuum at 200°C (heating rate
10°C min™). The BET specific surface area (S,.) was
calculated by using the standard Brunauer, Emmet and
Teller method on the basis of the adsorption data. The pore
size distributions were calculated from the desorption
branches of the isotherms using the Barrett-Joyner-Halenda
method.

IR spectra were recorded on a Shimadzu FTIR
spectrometer under the following experimental conditions:
200 scans in the mid-IR range (500-4000 cm™) using KBr
(ratio 5/ 95 wt %) pellets, and a resolution of 4.0 cm.

TEM analysis was performed on a Hitachi instrument
operating at 200 kV. The samples were prepared by
dispersing them in ethanol.

Catalytic tests

The total oxidation reactions were carried out in a fixed
bed quartz tube down-flow reactor operated at
atmospheric pressure. The internal diameter of the reactor
tube was 18 mm, and the catalyst was supported by quartz
wool. The axial temperature profile was measured using
an electronic thermometer placed in a thermowell
centered in the catalyst bed. Quartz chips were used to fill
the dead volumes before and after the catalyst bed, in order
to minimize potential gas-phase reactions. For the methane
combustion, the reaction mixture consisted of 1and
5%(vol.) methane in air. For propane total oxidation
reactions, the propane concentration was calculated in
order to have similar carbon content to the methane
experiments - 0.33 and 1.67% (vol.), respectively. Flow
rates were controlled by fine needle valves and were
measured by capillary flow-meters. Catalytic tests were
performed at total volume hourly space velocity (VHSV) of
16000h, in the temperature range 380 - 750°C. The highest
reaction temperature on each sample was equal to the
calcination temperature.

In a typical reaction run, the reactor containing 1 cm?of
catalyst was heated to the desired temperature in the flow
of reactants. The system was allowed to stabilize for about
1 h at the reaction temperature before the first product
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analysis was made. Each run was carried out over a period
of at least 1 hour, until two consecutive analyses were
identical. A Thermo Finnigan (CE Instruments) gas
chromatograph, equipped with a flame ionization detector
(FID) and a thermal conductivity detector (TCD) was used,
and the chromatographic separation was accomplished
with an alumina column (FID detector) and a CTR I column
(TCD detector). The conversion was calculated as the
amount of raw material transformed in reaction divided by
the amount that was fed to the reactor. Complete selectivity
to CO, and H,0 was always observed.

Results and discussion
Catalysts properties

The elemental analysis, composition and textural
characteristics of the LDH samples were reported
elsewhere [19]. Consequently, the elemental analysis for
the FeLDH sample indicated a Mg?*:Fe3* ratio of 1.91, with
30.4 % (mass) Fe. After the deposition of iron oxide on the
surface, the Mg?*:Fe?* ratio decreased to .74, and the iron
content rised to 43.7 % (mass). The XRD patterns of the
obtained LDH-type samples indicated characteristic
reflections of LDHs, with sharp and simetric peaks at low
20 angles, but broad and assimetric at high 26 angle. For
the Fe/FeLDH sample the intensity of the diffraction peaks
decreases in comparison with the original LDH, probably
due to a lower crystallinity and different textural
characteristics of the sample.

The XRD patterns of the calcined samples are shown in
figure 1.

Calcination at 550°C leads to the destruction of the
layered LDH network, giving rise to amourphous-like
patterns, characteristic to mixed oxides with poor
crystallinity, but well dispersed. As the calcination
temperature increses the intensity of the peaks
accentuates, indicating a higher crystallinity of the
samples. As indicated in figure 1, periclas, magnetite and
hematite peaks were identified.

The FTIR analysis gives information about the nature of
the anions from the clay interlayers. The FTIR patterns,
shown in figure 2, reveal some similarity for the FeLDH
and the Fe/FeLDH layered structures. The broad absorption
peaks in the region 2800-3600 cm and 1560 cm™ are
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Fig. 2. FTIR patterns for the FeLDH (a) and Fe/FeLDH (b) samples

attributed to the O-H symmetric stretching mode and
bending modes in the metal hydroxide layers or interlayer
water molecules. The band corresponding to the bending
mode §, appears between 1644-1648 cm™ and may be
a551gne8 to the adsorbed interlayer water An intense
absorption band between 1370-1383 cm is attributed to
the v, vibration mode of CO,* [20]. In the same range, the
A vibration mode of the nitrate could appear if this still
exists in the mterlayer For Fe/FeLDH, a new band was
observed at 1122 cm™ assigned as the v, vibration mode
of SO,* and recognized the presence of SO, in the cla
mterlayer In the low wavenumber region (< 1000 cm g
the lattice vibration modes of the LDH sheets such as M-O
(550, 590 and 840 cm') and O-M-O (430 cm™) vibrations
are observed.

TEM analysis offers a deeper look on the morphologic
features of the new catalytic material. For the Fe/FeLD
structure, the TEM picture (fig. 3) reveals [21] that
nanoparticles with the average diameter of 27 nm exist on
the larger nanoparticles of iron substituted clay.

b YN

Figure 3. The TEM image for the Fe/FeLDH sample

N, adsorption at -196°C was used to get information
abott the textural characteristics and the specific surface
area of the samples. Results for the calcined samples are
shown in table 1.

The characteristic isotherms (presented in figure 4 for
the sample calcined at 550°C) correspond to a type IV in
the IUPAC classification, with a type H,~hysteresis for
the calcined samples, indicative of a narrow range of
uniform mesopores [22]. The calculated BET surface area

(table 1) decreases with increasing calcination
temperature, probably due to sintering phenomena in the
mixed oxides. Pore volumes strongly diminish as the
calcination temperature rises, in correlation with the
specific surface area values.
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Fig. 4. N, adsorption-desorption isotherm of the mixed oxide
sample calcined at 550°C

Catalytic tests

The calcined samples were tested in the catalytic
combustion of methane and propane.

The results obtained in the catalytic tests using 5 %
methane in air are presented in figure 5. As methane is
difficult to be activated, high temperatures are needed for
its combustion. Consequently, conversion values on the
samples calcined at 550 and at 650°C are low, and the
highest conversion value (71.5 %) could be reached on the
sample calcined at 750°C. As the three plots actually
overlap, it is obvious that all the samples show a similar
catalytic behaviour, and there are no influences of the
calcination temperature on the catalytic activity in the
temperature range 550 — 750°C. This is in line with XRD
patterns of the three calcined samples, showing only
increased crystallinity with higher calcination temperature.
Specific surface area and pore volume differences seem
to be of lesser importance for these catalysts.
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Fig. 5. Effect of the reaction temperature on the conversion of
methane in the catalytic combustion reaction; (¢) sample calcined
at 550°C; (A) sample calcined at 650°C; (=) sample calcined at
750°C; total VHSV = 16.000 h'!, methane concentration: 5 % in air

Calcination temperature (°C) Sy, BET(m’ g7) Pore volume (cm” g) Table 1
550 49 0.50 SPECIFIC SURFACE AREA (Ssp, BET) AND
650 27 0.31 PORE VOLUME FOR THE LDH AND
750 18 0.14 MIXED OXIDES SAMPLES
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Figure 6 presents results of the combustion reaction with
1% methane for the catalysts calcined at 550 and 750°C.
In comparison with the plots from figure 5, conversion
values are higher, as expected, reaching 100% at 700°C for
the sample calcined at 750°C.
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Fig. 6. Effect of the reaction temperature on the conversion of
methane in the catalytic combustion reaction; () sample calcined
at 550°C; (=) sample calcined at 750°C; total
VHSV = 16.000 h'!, methane concentration: 1 % in air.

In order to investigate the influence of the alkane
reactivity, similar combustion tests using propane were
performed. The results obtained at 1.67% C,H, (the same
carbon content as in the reaction mixture with 5%
methane) are presented in figure 7. Because propane is
easier to activate, conversion values are higher than those
with methane, and total conversion was attained at 700°C.
Again, the behaviour of the three samples was similar,
showing no notable differences at the same reaction
temperature.
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Fig. 7. Effect of the reaction temperature on the conversion of
propane in the catalytic combustion reaction; (#) sample calcined
at 550°C; (a) sample calcined at 650°C; (=) sample calcined at
750°C; total VHSV = 16.000 h'', propane concentration: 1.67 % in air

Catalytic tests were also performed using 0.33 % C.H,
(the same carbon content as in the reaction mixture w1th
1 % methane), and the results are shown in figure 8 for the
catalyst calcined at 750°C, in comparison with the results
obtained with 1.67% propane. For the smaller
concentration, total conversion was reached at 600°C, 100°
lower than in the previous case. Moreover, the same
temperature difference can be observed for the T, values
(T,, - the temperature necessary for a 50% conversmn)
both in the case of methane and propane reactions.
Therefore, alkane concentration is an important factor for
the total combustion temperature: the smaller the
concentration, the lower the temperature that is necessary
for total oxidation.
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Fig. 8. Effect of the reaction temperature on the conversion of
propane (0.33 %, = and 1.67 %, #) in the catalytic combustion
reaction; total VHSV = 16.000 h!

Conclusions

Three catalyst samples, obtained from Fe/FeLDH clays
by calcination at 550, 650 and 750°C, were tested in the
catalytic combustion of methane and propane. By calcining
at temperatures higher than 500°C, LDH clays were
transformed into well-dispersed mixed oxides, their
crystallinity increasing with temperature. Specific surface
areas, as well as pore volumes, decreased at higher
calcination temperature, probably due to sintering
phenomena in the mixed oxides. However, their catalytic
behaviour was similar in the combustion reactions, both in
the case of methane and propane reactions. The
temperature needed for total conversion depends on the
nature of the hydrocarbon and on its concentration in the
reaction mixture: propane is more easily destroyed by
combustion than methane, and the smaller the
concentration, the lower the temperature for 100 %
conversion.
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