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Abstract

This work focalizes on a nanosized Lag Sty 4CogsFep20;3_s (LSCF) perovskite and Fe,O3/LSCF nanocomposites. The nanosized LSCF per-
ovskite is obtained by Pechini method and treated at 1173 K; nanocomposite Fe,O3;/LSCF powder samples (Fe,O3;/LSCF=1:9 and 1:1 wt.) are
obtained by wet impregnation.

The reactivity of the obtained samples with respect to pure methanol and to a 1 M aqueous solution of methanol, is investigated by means of
IR Spectroscopy and Quadrupole Mass Spectrometry (QMS). In presence of pure methanol the main reaction is methanol decomposition with
the formation of CO and H,. The activity with respect to this reaction starts to be observed at 573 K both for the LSCF perovskite and for the
Fe,03/LSCF nanocomposites and shows an irregular trend as a function of temperature. Steam-reforming reaction is evident at 7> 623 K when a
1 M solution of methanol is used. The reactivity with respect to methanol and to the 1 M solution of methanol was also investigated as a function
of time: only at 673 K the methanol decomposition starts immediately; the waiting time changes as a function of temperature, sample composition

and reactive mixture. The steam reforming reaction, in contrast, begins immediately.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Attaining sustainable development is one of the greatest chal-
lenges we face today, a challenge that can only be met by
responsibly developing and using technologies. Fuel cells offer
an opportunity for innovation; as a matter of fact, today’s inno-
vations in fuel cell technology are focussing scientific efforts:
innovative solutions can be an important competitive plus. Fuel
cells are not just laboratory curiosities but still much work needs
to be done to optimise the fuel cell systems.

In this respect perovskite-type oxides show interesting prop-
erties such as electronic/ionic conductivity, catalytic activity, etc.
[1] that make them promising in several fields. Among these,
the so-called Intermediate Temperature SOFCs (IT-SOFCs
T~ 800K) is one [2].

This contribution is part of a comprehensive work aimed to
the investigation of LSCF-based materials [3]. Perovskite-type
complex oxides of Laj_,SryCoi_,Fe,O3_s [4-6] composi-
tion have attracted growing attention because of their superior
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mixed electronic—ionic conduction properties. Moreover, their
long-term stability of structure and properties at elevated
temperatures has to be considered. Lag ¢Srp4CoggFep203_s,
in particular, exhibits superior sinterability and good mixed
electronic—ionic conduction properties [7,8]. Reactivity toward
alcohols, however, needs to be investigated. In this paper
the interaction with methanol is considered. Methanol is an
important probe molecule being an intermediate in several oxi-
dation reactions; moreover, it is a simple organic molecule
characterized by a significant acidity. It is noteworthy that
methanol can also be a promising fuel for fuel cells. In
addition to the LaggSrg4CoggFep203_5 two new materials
obtained by depositing iron oxide on the perovskite surface
(FepO3/LSCF=1:9 and 1:1wt.) are investigated. As a mat-
ter of fact, iron oxide is known to favor methanol oxidation
[9] and could improve the electronic conductivity of the per-
ovskite.

The LSCF was obtained by Pechini method which allows
to prepare homogeneous perovskite powders in an easy and
reproducible [ 10—-12] way; the supported samples were prepared
by wet impregnation [13,14]. The interaction with methanol
was studied (at several temperatures from room temperature to
673 K) both in absence and in presence of steam. The steam pres-
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ence, in fact, can strongly influence the reaction products and
un-favors carbon formation [15]; moreover, similar operative
conditions are used in methanol fed SOFCs. To investigate the
obtained products, Quadrupole Mass Spectrometry (QMS) and
IR spectroscopy were used. As a matter of fact, QMS furnishes a
detailed analysis of the products allowing, in addition, to follow
the reaction as a function of time whereas IR spectroscopy is
complementary to QMS because by means of this technique the
products identification is easier and more precise. The possibil-
ity to obtain hydrogen from alcohols was investigated taking into
consideration several oxide-based catalysts [16—19]. The reac-
tivity of Lag ¢Srg.4Cogp gFep203_s (LSCF)-based perovskites, in
this respect, still needs to be studied.

2. Experimental
2.1. Synthesis

2.1.1. LSCF

The powder was prepared by Pechini method [10-12].
Appropriate amounts of Co(NO3)2:6H,0 (Acros—99%),
La(NO3)3-6H,0  (Aldrich—99.999%), Sr(NO3)> (Carlo
Erba—>98%) and Fe(NO3)3-9H,O (Janssen—99%) were
carefully weighed and dissolved in distilled water in order to
obtain Lag ¢Srg4CoggFep203_s. Citric acid was added as the
complexing agent to the above solution. The amount of citric
acid (Acros—99.5%) was such that the ratio of total number of
moles of cations to that of citric acid was 1:1. Ethylene glycol
(Acros—>99%) was then added (number of moles of ethylene
glycol/number of moles of citric acid, 1:1) in order to enhance
gelation. The obtained solution was heated at 353 K to remove
most of the aqueous solvent and form the gel. Subsequently it
was slowly treated at 383 K to remove the remaining solvent and
at 673 K to decompose the organic network and the remaining
nitrates. By heating at 1173 K for 26 h the perovskite phase
La0‘6$r0_4C00_8Feo_203_3 is formed.

2.1.2. Fe;03/LSCF

The two  FeyO3/LSCF  nanocomposite  systems
(FeoO3/LSCF=1:9 and 1:1wt.) were obtained by wet
impregnation of LSCF heated at 1173 K for 26 h with aqueous
solutions containing increasing quantities of Fe(NO3)3°9H;0.
The obtained suspension was maintained under stirring for 2
days and then kept in rest for 1 day. Water was evaporated in air
and the obtained solid was dried at 383 K for 1h and at 773K
for 5h (in air).

2.2. Measurements

X-ray Photoelectron Spectroscopy (XPS) measurements
were performed using a PerkinElmer PHI 5600 ci spectrom-
eter with a standard Mg Ka source (1253.6eV) working at
350 W. The working pressure was less than 7 x 10~/ Pa. The
spectrometer was calibrated by assuming the binding energy
(BE) of the Au 4f7/, line to be 84.0 eV with respect to the Fermi
level. Extended spectra (survey) were collected (187.85eV
pass energy, 0.4 eV step~!,0.05 s step™!). Detailed spectra were

recorded for the following regions: C 1s, O 1s, La 3d, Co 2p, Sr
3dand Fe 2p (11.75 eV pass energy, 0.1 eV step™!, 0.1 sstep™ "),
The standard deviation in the BE values of the XPS line is
0.10eV. The atomic percentage, after a Shirley-type background
subtraction [20], was evaluated by using the PHI sensitivity fac-
tors [21]. To take into account charging problems the C 1s peak
was considered at 285.0eV [22] and the peaks BE differences
were evaluated.

X-ray Diffraction (XRD) patterns were obtained with a
Bruker D8 Advance diffractometer with Bragg-Brentano geom-
etry using a Cu Ka radiation (40kV, 40 mA, A =0.154 nm).

The IR spectra were collected with a Bruker Tensor 27 spec-
trometer (accumulating 32 scans at a resolution of 1cm™1).

QMS data were obtained by means of a System Genesys I
200D by European Spectrometry Systems. Background gas con-
tributions to the spectrum were eliminated by subtracting from
the spectrum recorded during chemisorption the one obtained
just before. Mass spectra assignments were made in reference
to the fragmentation patterns; [23,24] moreover, the contribu-
tions of the observed species were corrected taking into account
the fragmentation patterns of each one and the intensities (partial
pressures) of the different masses as a function of temperature
were considered. Prior to each experiment, ca. 41 mg of the sam-
ple were loaded in the glass reactor. The temperature of the
powder was checked by means of a thermocouple inserted into
the reactor. Before measurements, the powder was kept in argon
flow to eliminate water traces (ca. 2 h).

In each test, vapors of pure methanol or of methanol 1 M
solution were carried by an inert gas (argon) from the bubbler
to the tubular glass reactor. Then, the reaction products and the
un-reacted reagents reached the FTIR and QMS for the analysis.
The gas flow was set at 130 cm>/min by a MKS-mass flow con-
troller. Repeated measures were carried out at each temperature
to confirm the observed results. Moreover, at each temperature
(from room temperature to 673 K), the reaction was followed as
a function of time.

3. Results and discussion
3.1. Characterization

Before the reactivity investigation, the samples were charac-
terized by means of X-ray Diffraction and X-ray Photoelectron
Spectroscopy.

Fig. 1 shows the XRD patterns for LSCF treated at 1173 K
for 26 h and for the impregnated samples. The LSCF pattern
of LSCEF, agrees with the presence of the desired perovskite
phase; SrLaCoQOy4 phase and traces of La; O3 and Co304 are also
observed [25]. The crystallite size, evaluated by means of X-ray
broadening, is estimated at about 80 nm [26]. In the XRD pattern
of the supported sample with lower iron content several signals
appear while those corresponding to Lay O3 disappear. The com-
parison with the JCPDS cards and EXAFS data [3] suggests also
the presence of Srg 4Feg gLag ¢Coo.403 and SrCOs3, however the
possible reciprocal solubility of the phases has always to be
considered. In the sample with higher iron oxide content, the
crystallographic disorder increases: contributions due to Fe;O3
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Fig. 1. XRD patterns obtained for the LSCF powder samples (I), and for the
Fe,O3/LSCF supported samples 1:9 (II) and 1:1 (III). The spectra are normal-
ized with respect to their maximum value. (x) LageSrg4CoggFep203_s, (+)
Sro.4Feq.6Lag 6Co0.403, (O) SrCO3, (™) Co304, (|) Fe,03, () SrLaCoO4 and
(v) SrLaFeQy.

and SrLaFeQ4 phases appear; several iron rich phases (Fe; 9404,
Sr4Fe3019_y and FeLaO3) as well as LaCoO3 [25] cannot be
excluded.

The La 3d peak positions (834.4 and 837.5eV for La 3ds;»
and the corresponding shake-up contribution) and shape (Fig. 2)
observed for LSCF sample agree with the value reported in liter-
ature [27,28]. The Co 2p peak position (Co 2p3/2 780.4eV) and,
particularly the absence of evident signals due to the shake-up
contributions of Co 2p3/; and 2py,» (at about 787 and 805 eV,
respectively, Fig. 2) [27,29-33] are indicative of the low spin
cobalt Co(IIT) compounds. Concerning Fe 2p (Fig. 2), the peak
position (Fe 2p3,; at 711.0 eV) and the shake-up signals (at about
718 eV) suggest the presence of Fe(IIl) [22]. The Sr 3d peak
shape (Fig. 2) is consistent with the presence of more contri-
butions. The fitting procedure reveals three pairs of spin-orbit
doublets (at 131.8, 133.5; 132.8, 134.6; 133.8, 135.5 eV, respec-
tively) which indicate that strontium exists in three chemical
environments. The spin-orbit doublets at higher BE are ascrib-
able to SrCOj3 and [34,35]. The spin-orbit doublet at lower BE
agrees with the perovskite phase [29,36] although the presence
of strontium suboxide (SrOj_,) cannot be excluded [28,31,37].

The O 1s peak (Fig. 2) shows three contributions corre-
sponding to the perovskite phase (528.7eV) and hydroxides
or carbonate species such as LaOOH or SrCOs (529.7 and
531.4eV) [30,38,39]. Accordingly, C 1s peak (Fig. 2) shows,
besides the signal due to the adventitious carbon, another con-
tribution at about 289.4 eV corresponding to carbonate species.

Significant differences can be observed in the supported sam-
ples and, particularly, in the nanocomposite richer in iron. The
La 3d peak shifts toward BE values (834.3 and 838.0eV for
Fe,O3/LSCF 1:9, 835.0 and 838.6eV for Fe,O3/LSCF 1:1)
characteristics of the lanthanum oxide/hydroxide. The relevant
presence of oxides (La;O3, Fe;03) is also confirmed by the O
1s signal showing a main contribution around 530 eV.

The Co 2p, Fe 2p and Sr 3d peak shape and positions do not
change significantly as a consequence of the iron oxide depo-
sition. In the Sr 3d peak the higher BE contribution decreases
significantly.

Table 1
XPS and nominal compositions (atomic%) for LSCF perovskite and for the two
Fe,O3/LSCF samples

Element LSCF Fe,O3/LSCF 1:9 Fe;O3/LSCF 1:1
XPS Nominal XPS Nominal XPS Nominal

La 6 14 8 10 6 4

Sr 15 9 8 8 6 4

Co 12 18 8 17 3 8

Fe 4 4 10 10 17 26

(6] 63 55 66 55 68 58

The comparison between the nominal (obtained by the
weighed precursor amounts) and the XPS compositions
(Table 1) shows the surface segregation of Sr (which is in agree-
ment with the relevant formation of carbonate species); in the
supported samples the more evident result is the low iron atomic
percentage that suggests the diffusion of this element inside
the support. Moreover, a significant crystallinity decrease is
observed in the supported sample richer in iron (Fe;O3/LSCF
1:1 wt.) [3] (Table 1).

3.2. Interaction with methanol

3.2.1. LSCF: interaction with methanol

QMS outcomes suggest that the catalytic activity with respect
to methanol begins to be evident around 573 K (Fig. 3a); the only
observed products are CO and Hy; IR spectra confirm this result
(Fig. 4a).

At 573 K the CO and H» formation starts only after ca. 420s
and increases slowly aiming to reach a plateau after about 1200 s
(Fig. 5).

At 623K a slight decrease in the catalyst activity is sug-
gested by QMS data (Fig. 5) and confirmed by IR spectra
(Fig. 4a). A different behavior is also revealed by the care-
ful comparison with the data obtained at 573 K: CO and H»
formation starts immediately but decreases with the reaction
time (reaching the lower value in 1500-1700s). In the very
first instants of the reaction, however, traces of carbon diox-
ide are evidenced by QMS. At 673 K, in contrast, the CO and
H, formation is rather stable with time. The reactivity drop at
623 K and the different behavior observed as a function of time,
suggests some consideration concerning the reaction mecha-
nism.

The obtained results suggest that LSCF possesses a catalytic
activity with respect to methanol. The formation of CO and H»
is consistent with the methanol decomposition reaction [15]:

CH30H = CO + 2H; (1)

The initial formation of carbon dioxide observed at 7> 623 K
could be ascribed to the following reactions:

2CO = C + CO, 2)
CO 4 Op = COz+ Oy (3)

with Op =perovskite oxygen and Oy = oxygen vacancy.
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Fig. 2. La 3d, Sr 3d, Co 2p, Fe 2p, O 1s, C 1s XP spectra obtained for the LSCF and Fe,O3/LSCF powder samples. LSCF (1), Fe;O3/LSCF supported samples 1:9
(II) and 1:1 (III). The spectra of La 3d, Sr 3d, Co 2p and C Is are normalized with respect to their maximum value while O 1s and Fe 2p XP spectra are normalized

with respect to the peaks at 531.4 and 711.0 eV, respectively.

The involvement of the perovskite oxygen in the products
formation is consistent with the abrupt activity drop observed.

The Boudouard reaction however (Eq. (2)), should be favored
at high temperature [17] whereas, at lower temperature, an
important role can be played by oxygen. Two different reac-
tion mechanisms have been proposed for perovskites oxidation
reactions, involving two different oxygen species [40,41]: at low
temperature the interaction between adsorbed oxygen and reac-
tants is assumed. At high temperature, when the coverage of
molecular O; strongly decreases, lattice oxygen becomes active.
From TPD investigations two kinds of oxygen were revealed
in literature [40,41]: the first one, indicated as a-oxygen, is

considered to desorb from the surface of the solid (as O~ or
0?7); the second one, B-oxygen, is supposed to originate from
the bulk of the solid (as O%~) with the simultaneous reduction
of Co®* to Co**. Consistently, the oxidation reaction mecha-
nisms have been interpreted considering a- and (3-oxygen: for
low-temperature reactions (such as CO oxidation) a suprafacial
mechanism with the participation of surface oxygen is suggested
whereas for high temperature reactions an intrafacial mechanism
involving lattice oxygen is preferred. More recent investigations
suggest an active role of grain boundaries and a possible des-
orption of 3-oxygen due to the reduction of grain boundaries
segregated Co’* [42].
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Fig. 3. QMS data obtained, as a function of temperature for the interaction of LSCF with (a) methanol and (b) 1 M methanol solution: (—) CH30H, (

CO and (m=m ) CO5.

To test this hypothesis a re-activation treatment with oxy-
gen (carried out flowing oxygen 100% at 673K for 1h, flow
rate 50 cm®/min) was performed on the nano-catalyst exposed
to methanol at 673 K. After this treatment the interaction with
methanol was newly investigated (Fig. 5, black line): in this
case the intensity of the QMS signal attributed to CO; greatly
increases particularly at the beginning, and the CO and H; for-
mation is also favored thus indicating a role of weakly bound
oxygen species in methanol oxidation. As a general consid-
eration the activity of lanthanide perovskites was observed to
depend mainly on the nature of the transition metal [1]; dopants
(such as Sr, in the present case) can also influence the Co>*/Co?*
presence and thus the activity in oxidation reactions. Co’™ sites,
in particular, are considered to be the active sites for CO oxi-
dation in cobalt containing oxides through the CO coordination
[43,44].

3.2.2. LSCF: interaction with methanol 1 M

When a 1M solution of methanol in de-ionized water was
used instead of pure methanol, the activity of the catalyst
(Figs. 3b and 4b) starts at about 623 K (instead of 573 K) and
increases with temperature with a more regular trend.

(a)

0.6
673 K after O,
—_
=3
E 044
> 6T3 K
‘8
8
5
55 | 623K
573K
0.0
T T T
2000 2200 2400

Wavenumber (cm-1)

(b) /

Intensity (a.u.)

0 3 T T T 5 T
400 500 600
Temperature (K)

) Ha, ()

At 623 K the CO and H; formation starts after ca. 180 s and
reaches a stable value around 800 s (Fig. 6). Unlike the case of
pure methanol, CO; formation is evidenced both from the QMS
and IR data (Figs. 4b and 6); moreover the intensity of the cor-
responding signal is maximum after 180s and then decreases
until about 400 s (growing then slowly for increasing time). At
673 K the reaction begins immediately and a greater activity is
observed; a stable situation is reached in 300-350s. CO; for-
mation growths with time aiming to reach a plateau value after
ca. 1050s.

The relevant formation of carbon dioxide suggests that steam-
reforming reaction takes place:

CH;0H + H,0 = CO, + 3H, )

The steam-reforming reaction is often explained as the sum of
methanol decomposition (1) and water gas shift reaction (5)
[16,17]:

CO + H,O =2 CO,+Hy (%)
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T T T
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Fig. 4. IR spectra of the reaction products for the interaction of LSCF with (a) methanol and (b) 1 M methanol solution; region between 1900 and 2500 cm ™.
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Fig. 5. QMS data (concerning Hy, CO and CO;) obtained as a function of time
and temperature for the interaction of LSCF with methanol: (s ) 573 K, (=)
623 K, (=== ) 673 K and (—) 673 K after re-activation in pure O, flow at 673 K.

A decomposition through methyl formate decomposition is also
suggested [45]:

2CH30H & HCOOCHs3; + 2H; (6)
HCOOCH3; +H,O = HCOOH + CH3;OH (7)
HCOOH = CO; +H, ®)

In the present case, however, methyl formate and formic acid
were never observed.

Lwin et al. [15] carried out a thermodynamic study showing
that the equilibrium concentrations of formic acid and/or
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Fig. 6. QMS data (concerning H,, CO and CO;) obtained as a function of time
and temperature for the interaction of LSCF with 1 M methanol solution: (=)
623 K and (== ) 673 K.

methyl formate are zero and suggesting thus that if these
components are involved in the reaction path they are merely
intermediates. The thermodynamic model also indicates that
dimethyl ether formation is favored at low temperatures
and low steam/carbon feed ratios whereas carbon monoxide
occurs at high temperatures and low steam carbon ratios
(intermediate conditions can minimize the formation of both
these by-products). Methanol conversion and selectivity for
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hydrogen result to be higher when water is present; Peppley et
al. also reported that methanol decomposition is much slower
than the steam-reforming methanol reaction [46].

The results, reported in Fig. 6, suggest two steps in the
reaction: during the first one the main products are car-
bon dioxide and hydrogen whereas carbon monoxide and

(a) 067
0.5
< 4 673 K
=
= 0.3
@ 623 K
2 024
0.1
573K
0.0
T T T
2000 2200 2400
Wavenumber (cm '] )
(c)
60101
£
=,
2
2 673 K
2
623 K
O_

2000 2200 2400

-1
Wavenumber (cm )

hydrogen are prevalent in the second step. This is particu-
larly evident when the reaction is carried out at 623 K: in
this case the first step starts immediately and stops after
about 350s. At 673K the first step lasts only few tenths
of seconds. These results are consistent with a prevalent
formation of CO for increasing reaction time and lower
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Fig. 8. IR spectra of the reaction products for the interaction of Fe,O3/LSCF (a) 1:9 and (b) 1:1 with methanol and (c) 1:9 and (d) 1:1 with 1 M methanol solution;

region between 1900 and 2500 cm™!.
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temperatures while carbon dioxide is favoured at higher tem-
peratures.

Patel et al. [16] during their investigation of the oxida-
tive steam reforming of methanol observed that CO formation
increases with contact time increment as a consequence of the
reverse water gas shift reaction tWGS):

Hy +CO, = HyO 4+ CO ©)

In the present case the concomitant increase of hydrogen and
carbon monoxide could be indicative of the methanol decompo-
sition (Eq. (1)).

3.2.3. Fe;O3/LSCF': interaction with methanol

QMS and IR data show, for the nanocomposite catalysts, the
same trend in activity observed for the supporting nanoscale
LSCEF (Figs. 7a and 8a and b) thus suggesting a similar reaction
mechanism. Beside H, the only observed products, as con-
firmed by IR spectra (Fig. 8a and b), are CO, and CO,. The
comparison with the results obtained for LSCF reveals a slightly
higher reactivity for the sample with lower iron content while
no significant differences can be observed between LSCF and
Fe;O3/LSCF 1:1 wt. As already observed for LSCE, at 573 K
the reaction starts after 500 s (Fe,O3/LSCF 1:9 wt.) and 900 s
(FepO3/LSCF 1:1 wt.) after 1500s (FeoO3/LSCF 1:9 wt.) and
1800 s (FepO3/LSCF 1:1wt.) (Fig. 9) a rather stable situation
is going to be reached. At 623 the reaction begins immedi-
ately but the activity rapidly decreases and the stable situation
is reached in few minutes; the lower reactivity is also confirmed
by IR results (Fig. 8a and b). A marked increment of reactivity is
observed at 673 K, moreover a stable situation is reached imme-
diately. Noteworthy, at 673 K the formation of carbon dioxide
is rather significant (Figs. 8a and b and Fig. 9) suggesting a dif-
ferent reactivity of the nanocomposite catalysts with respect to
the supporting nanosized LSCF.

3.2.4. Fe;O3/LSCF': interaction with methanol 1 M

Like in the case of LSCF, when a 1 M solution of methanol
in de-ionized water is used as feed the activity of the nano-
catalysts (Figs. 7b and 8c and d) increases with temperature
with a monotone trend. As a general consideration the compar-
ison with the QMS and IR results obtained for LSCF clearly
indicates a decreased reactivity; this can be evidenced by com-
paring Figs. 3b with 7b and 4b with 8c and d. It is interesting
to note that Nitadori et al. observed a strong decrease of the
catalytic activity for propane oxidation when using an iron con-
taining perovskite thus suggesting the central role played by
the transition metal in the reactivity of a perovskite [47]. The
obtained results are consistent with a higher activity of the
nanocomposite catalyst with lower iron content (Fe;O3/LSCF
1:9wt.).

At 623K CO formation starts after about 500s (Fig. 10)
with Fe,O3/LSCF 1:9 wt. as catalyst and after 600-700 s with
Fe;O3/LSCF 1:1 wt. (in this case CO raises up slowly for the
firsts 1200, then a more evident growth is noted). H, trend
is equally significant; the formation of Hp begins immedi-
ately and slowly increases until 480s (Fe,O3/LSCF 1:9 wt.),
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Fig. 9. QMS data (concerning Hy, CO and CO;) obtained as a function of time
and temperature for the interaction of Fe,O3/LSCF 1:9 (solid line) and 1:1
(dashed line) with methanol: (sss) 573 K, (=== ) 623 K and (m== ) 673 K.

1200s (FepO3/LSCF 1:1wt.) then a marked increment is
observed.

These observations suggest that, at 623 K, the overall steam
reforming is the main reaction occurring in the beginning.
At increasing time, the rate of steam reforming seems rather
constant while the methanol decomposition becomes faster pro-
ducing increasing amounts of Hy and CO. At 673 K both the
reactions begin immediately and after 1000-1200 s a stable sit-
uation is reached.
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Fig. 10. QMS data (concerning Hy, CO and CO,) obtained as a function
of time and temperature for the interaction of Fe,O3/LSCF 1:9 (solid line)
and 1:1 (dashed line) with 1 M methanol solution: ( ) 623K and ()
673 K.

The comparison between the QMS and IR data obtained
with and without steam suggests that in the absence of steam,
methanol mainly decomposes whereas methanol deep oxida-
tion can be due to surface oxygen species [48]. When steam
is present in the reactive mixture steam-reforming reaction and
methanol decomposition are both observed and the prevailing
reaction path is strongly influenced by the sample composition
and the reaction conditions.

4. Conclusions

In this paper a perovskite-type oxide (LaggSroa
CoggFep203_5) is prepared by Pechini method; two
Fe;O3/LSCF nanocomposites characterized by a different
iron oxide content (Fe,O3/LSCF=1:9 and 1:1 wt.) are obtained
by impregnation.

XRD pattern of LSCF shows, beside the desired perovskite
phase, SrLaCoQO4 and traces of LayO3 and Co0304. In the
XRD patterns of the supported samples several crystallo-
graphic phases appear as a consequence of the iron oxide
deposition: Srg4FegglagsCo0403 and SrCO3 in the sample
Fe,O3/LSCF =1:9; Fe; O3, SrLLaFeQy, and traces of iron rich
phases, in the sample Fe;O3/LSCF=1:1.

The reactivity of the obtained samples with respect to pure
methanol and to a 1 M aqueous solution of methanol was inves-
tigated by QMS and IR spectroscopy. When only methanol is
present the main reaction is the alcohol decomposition to CO
and H; whereas steam reforming is observed at 7> 673 K with
the 1 M methanol solution. The reactivity was investigated as
a function of time and the influence of temperature, sample
composition and reactive mixture was revealed.
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