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Abstract

In this study we developed LaNixAll-xO3 perovskite systems using a sol-gel method
(with propionic acid as solvent) to use in methane-reforming reactions for producing
synthesis gas. To understand the roles of the nature of the precursor and calcination
conditions on the formation of LaNixAll-xO3, we carried out identifications using
NMR, FT-IR, XRD, SEM, and TEM. The precursor structure is a function of raw
materials and calcination conditions. Nitrate salts of nickel, aluminium, and lanthanum,
and calcinations at 750°C for 4 h gave pure LaNixAll-xO3 perovskite with good
homogeneity, even at nanoscopic scales. These systems are highly efficient catalysts in
steam and the dry reforming of methane. Various ratios of hydrogen to carbon
monoxide in synthesis gas can be achieved by changing the feed type. We also
investigated stabilization of these systems by studying the perovskite structure after
reactivity tests. The optimum mixed perovskite for steam and dry reforming of methane
is LaNi0.3410.703. The total conversion of CH4 is rapidly obtained at 750°C in steam
reforming with a H2O/CH4 ratio = 3, the selectivity of CO is lower (55%) and the yield
of hydrogen (98%) is higher compared to the ratio H2O/CH4 = 1. After 170 h of
reaction, no deactivation had occurred, methane conversion remained higher than 90%
at 750°C and in dry reforming, methane conversion and CO yield are about 98% and
95% respectively.
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Introduction

The conversion of hydrocarbons to hydrogen
and carbon monoxide is important from an
industrial point of view, and ranges from
small hydrogen production units in fuel cells
to large units in natural gas conversion to
more  easily-transported  products  and
hydrogen plants in refineries [1]. Steam
reforming of methane is an industrial process
that produces synthesis gas with the highest
H,/CO ratio (= 3). The poor selectivity for
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CO due to the water-gas shift reaction is
suitable for hydrogen plants [2].

Oxyreforming (H,/CO =2) and dry reforming
(H,/CO=1) have been proposed as
alternatives to achieve a high CO selectivity
and a more appropriate H,/CO ratio for
methanol and Fischer-Tropsch synthesis. Due
to the high level of carbon formation from
methane and CO (CH4 = C+2H;; 2CO =
CO,+ C), dry reforming has not been widely
used; however, dry reforming has attracted
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interest from both industrial and environ-
mental perspectives. Both steam and dry
reforming are highly endothermic and
reversible. It is therefore necessary to operate
at high temperatures to achieve equilibrium
between methane, water, carbon monoxide,
and carbon dioxide, together with the water
gas shift reaction.

Catalysts that contain nickel are most
commonly used because of their fast turnover
rate, low cost, and relatively long-term
stability [3]. Metal particles (Ni) are the
active sites [4]; however, they tend to sinter
under the reaction conditions. This in turn
leads to a reduction in the number of active
sites and an increase in carbon deposition
[5,6]. Other metals such as cobalt, iron, and
noble metals (Pt, Pd, Rh) have been tested as
catalysts, especially in dry reforming [7,8, 9].
Supports such as CaO and MgO increase the
stability and lifetime of the catalyst [10]. The
addition of alkali earth or rare earth elements
is important in reducing carbon deposition
[11, 12]. To prevent the sintering of metal
particles, dilution of nickel by a second metal
such as Mn, Fe, Cu, or Al [13-17] is required.
Perovskites (containing La, Ni, Fe or La, Co,
Fe) have previously been constructed using
the above approaches [15, 18, 19]; however,
the total reduction temperature for bimetallic
perovskites such as LaNiO; and LaCoOs is
much lower than that of methane reforming.
Hence, they are quickly and totally reduced
and then act as supported metals [20]. Nickel
or cobalt from the trimetallic perovskites
(LaNiFe or LaCoFe) can be completely or
partially reduced to form active metallic
species [15, 21, 26] at a temperature close to
the reforming temperature; this can create
strong metal-support interaction through an
appropriate activation. LaFeO; perovskite is
never or seldom reduced on the catalysts to
perform as a metal deposited in strong
interaction on the structure.

Previous studies [15, 18, 19, 21, 22] have
demonstrated that a solid solution of nickel
or cobalt with a second metal (Fe) can
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increase the reduction temperature of
LaNisFe; O3 and LaCosFe; O3 perovskites
in the function of x wvalues (550°C for
LaNiOs, 825°C for LaNig3Fey703, and from
640°C to close to 900°C for LaCoxFe;4O3).
It has also been documented that the
trimetallic LaNiFe structure is preserved
during steam reforming (for x = 0.3) [21] and
that the catalyst acts as Ni in interaction with
LaNiFe. In this case, the strong interaction
between nickel and the defined structure
limits both metal crystallite growth and
carbon deposition; steam reforming can
therefore be performed at a lower steam/
methane ratio (1/1).

Trimetallic nickel perovskite is of interest in
terms of the reduction temperature and
ageing. Alpha alumina is the industrial
support with a surface area that is similar to
that of perovskite. Nickel and alumina can be
combined during tests into nickel aluminate.
In this study we prepared a perovskite that
contains Ni and Al to test how combinations
of these two elements are suitable for
methane reforming reactions. We used a
combination of X-ray diffraction (XRD),
scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), nuclear
magnetic resonance (NMR), and infra-red
(IR) to study the effect of raw material type
and  calcination conditions on the
microstructure and catalytic behaviour of
LaNiyAl, xO3 perovskites used in steam (with
various steam/methane ratios) and the dry
reforming of methane. Characterisation
following  tests provides information
concerning the active phase of the perovskite
during the reactivity test.

Experimental Section

Preparation of Catalysts

Preparation of catalysts was carried out via a
sol-gel method using propionic acid as a
solvent.  Catalysts were prepared in
accordance with the formula LaNiyAl; O3,
with x varying from 0.1 to 0.9 at intervals of
0.2, following the method developed in [15]
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and [23]. Precursor solutions were prepared
separately by dissolving raw materials in hot
propionic acid. Nickel nitrate and acetate
were used as nickel sources in different
samples. Nitrate, oxide, or hydroxide was
retained for lanthanum, while aluminium
nitrate was used as an aluminium source.
After dissolution into propionic acid, nickel
and alumina solution were mixed and added
to the lanthanum. After stirring for 30
minutes, the solvent was evaporated in a
reflux process until resin formation. The
resulting gel was calcined under increasing
temperature at a rate of 3°C/min from 25°C
to 750°C, and maintained at 750°C for 4 h.
To determine the influence of calcination
conditions, samples were calcined at various
temperatures from 600°C to 1100°C. As the
evaporation of solvent in the sol-gel method
sometimes leads to the decomposition of
nitrates and violent NO, production, a slow
and controlled distillation of the solvent is
recommended during this step. According to
the explanations above, the effective factors
affect the structure of perovskite and include
the type of initial salts and calcination
conditions that have been studied so different
salts of Lanthanum, Nickel and Aluminium,
five different reduction temperatures (600-
1100 °C) and five catalyst composition
(0.1<x<0.9) were used to prepare the samples
in the present work.

Characterisation of the Gel

We undertook a study of precursors to
determine the influence of the nature of raw
materials on perovskite preparation and to
select the most appropriate combination of
raw materials.

We studied the structure of resins obtained
during the gel formation process using NMR
and FT-IR, and studied the formation of
precursors in the propionic acid solution
using various combinations of raw materials,
according to [23]. The solution of
corresponding propionate and propionic acid
is concentrated and hence a counter-solvent
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(hexane) was added. After freezing (-10°C),
the resulting crystals were analysed by FTIR
(3 wt% in KBr matrix).

Characterisation of Resulting Oxide

Powder X-ray diffraction (XRD) data were
collected using a Siemens D-500 diffracto-
meter and Cu-Ko radiation for determining
crystalline phases and calculating lattice
parameters.

Morphological observations of calcined
catalysts prepared at different temperatures
from 600°C to 1100°C were undertaken
using a JEOL JSM 800 SEM. The nano-
scopic state of the catalyst and its
homogeneity  were  determined  from
transmission electron microscopy (TEM)
analysis using a TOPCON EM-002B
apparatus coupled to an energy dispersive X-
ray spec-trometer (EDS). Prior to analysis,
powder of the catalyst was subjected to ultra-
sonic waves in alcohol; one drop of the
obtained suspension was then deposited on a
carbon-coated 1000 mesh copper grid. The
TEM, operating at 200 KV (point to point
resolution of 0.18 nm), was equipped with an
ultra  thin  window KEVEX EDX
spectrometer.

Specific surface area measurements were
carried out via the BET method based on the
N, physisorption capacity at 77 K on a
Coulter SA 3100 apparatus.

The total amount of carbon deposited on the
catalysts during steam and dry reforming
reactions was measured by elemental
analysis.

Temperature programmed reduction (TPR)
measurements were performed on a 100 mg
sample placed in a U-shaped quartz reactor
(6.6 mm ID) using a heating rate of 15°C/min
from 25°C to 900°C. The reductive gas used
during this procedure was a mixture of He
and 3% H, (total flow 50 ml/min). A thermal
conductivity detector was used to analyse the
effluent gas after water trapping, and
quantification of hydrogen consumption was
carried out.
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Reactivity of Steam Reforming of Methane
Catalytic tests during steam reforming were
performed at atmospheric pressure with two
different ratios of methane to steam
(CH4/H;0 =1 and CH4/H,0 = 1/3).

The reaction conditions were as follows:
fixed bed quartz reactor (6.6 mm ID), weight
of catalyst: 200 mg, total feed flow rate: 50
ml/min, carrier gas: Argon.

For the ratio CH4/H,O = 1, the flow rates of
components were: CHy: 5.85 ml/min; H,O:
0.0047 ml/min; Ar: 38.3 ml/min. For the
ratio CH4/H,O = 1/3, the flow rates of
components were: CHy: 4.176 ml/min; H,O:
0.001 ml/min; Ar: 33.3 ml/min. The outlet
gas was analysed using a micro gas
chromatograph that is able to simultaneously
analyse the remaining CH4 and produced CO,
CO,, and H,. The feed gas flow rate was
adjusted by mass flow controllers.

The catalyst was heated to 750°C under the
argon flow with a rate of temperature
increase of 10°C/min. Methane (CH4 flow:
4.1 ml/min) and water were then introduced
to the reactor. The system was maintained at
this temperature for 2 h, after which the
temperature was changed in a program
comprising four ramps. In the first ramp, the
temperature was reduced stepwise to 550°C
at 50°C increments, with GC analysis at each
increment of temperature decrease. The
second ramp involved a stepwise increase in
temperature from 550°C to 800°C at a rate of
3°C/min, with GC analysis at every 50°C.
The third and forth ramps were the same as
the first and second, respectively, except that
the temperature was reduced from 800°C at
the end of the experiment. The catalyst was
then rapidly cooled to room temperature.

As well as the prepared mixed oxide, we also
tested a commercial catalyst (24.7 wt% Ni/a-
Al O3 from ICI SYNETIX) used in methane
steam reforming plants for comparison.

To determine the lifetime of the prepared
perovskite system, samples were tested in the
steam reforming reaction with a feed ratio of
CH4/H,O = 1/3 for approximately 170 h at
750°C.
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Reactivity in the Dry Reforming of Methane
Operating conditions were as follows: fixed
bed quartz reactor (6.6 mm ID); feed flow
rates: CHy: 5 ml/min, CO,: 5 ml/min, Ar: 40
ml/min; weight of catalyst: 200 mg; inlet
temperature: 350-800°C. The outlet gas was
analysed simultaneously by two gas chro-
matographs, with one of the chromatographs
measuring the amount of remaining methane
and produced carbon oxide, and the other
measuring the produced carbon monoxide
and hydrogen.

The temperature program comprised an
initial treatment and three cycles. The initial
treatment consisted of a temperature increase
from 25°C to 350°C at a rate of 10°C/min.
During this step, no synthesis gas was
produced for each catalyst. The first cycle
was performed by a continuous temperature
increase from 350°C to 800°C, increasing at
3°C/min; during this stage, chromatographic
analyses were performed every 50°C until a
2-h stage at 800°C that involved three GC
analyses. Finally, a stepwise decrease was
undertaken at 50°C increments to 350°C with
GC analyses at each stage. The sample was
then kept for nearly 12 h under an argon
atmosphere. The second cycle was similar to
the first, except that the initial temperature
was 350°C.

The third cycle involved a temperature
increase up to 800°C. The catalyst was then
cooled rapidly to room temperature. To
determine the lifetime of the prepared
perovskite system, samples were tested in a
dry reforming reaction at 750°C for
approximately 170 h.

Methane conversion, CO selectivity, and CO
yield were calculated as follows:

CHy conversion = (CH4in-CHaou)*100/CHyjp
CO selectivity = CO*100/(CH4in-CHaout)

CO yield = CO*100/CHai,

Results and Discussion

Characterisation of Precursor Solutions
The resulting NMR spectra of gels obtained
from nitrate solutions in propionic acid show
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a change in the peak positions of protons of
the CH3 and CH; groups (0.90 and 2.16 ppm,
respectively, compared to 1.2 and 2.4 ppm
for propionic acid), indicating reactivity
between propionic acid and the starting
nitrate salts. We undertook gel charac-
terisation using FT-IR (Table 1). From
lanthanum oxide, the addition of propionic
acid gives a monodentate propionate (1560
cm™). With nickel acetate, a mixture of mono
and bidentate propionate is obtained (1568
cm™” and 1520 cm’, respectively); however,
when nickel nitrate is used as raw material,
the substitution of nitrate by propionate
depends on the nature of the cation and its
hydration rate. As shown in Table 1, nitrates
are present on the coordination sphere of the
cor-responding metallic cation, surrounded
by a propionic acid molecule. Water
molecules are characterised between 1600
and 1700cm™ [24,25], probably derived from
the starting hydrated salt. Nitrate and
propionate peaks coexist for the three nitrate
salts of La, Ni, and Al, even after a prolonged
ageing of the gel (12 h).

Characterisation of the LaNi.Al;,O; System
prior to Catalytic Tests

The elemental composition in the series of
LaNiyAl, O3 perovskites determined by
fluorescence always presents a good balance
compared to theoretical values. BET surface
arcas of catalysts are between 12 m%/g
(x=0.1) and 6 m*/g (x = 0.9) for calcination at
750°C. The surface area is slightly higher for
calcination at 650°C (15 to 8 m?g,
respectively).

XRD diagrams of the LaNiyAl; O3 mixed
oxide series (x = 0.1, 0.3, 0.5, 0.7, and 0.9)
prepared by nitrate salts are shown in Figure
la; only a perovskite phase is obtained.
However, with increasing x values the
structure peaks shift regularly between those
of LaNiO; [14] and LaAlO; [11]. An
enlargement of the area in the XRD diagram
for 20 between 32.0° and 33.5° shows this
progressive shift (Figure 1b). For prepara-
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tions made from nickel acetate instead of
nitrate salt, the intensity of the main
diffraction line decreases, and lanthanum
oxide and aluminium oxide are formed
separately. The trimetallic structure was not
gained, but LaAlO; and LaNiO; structures
were formed. We consider that the formation
of trimetallic structure is directly related to
the initial presence of nitrates and to
competition between the formation of
bimetallic (LaNiO3 and LaAlO3) and trime-
tallic perovskite.

The lattice parameter (a) has been calculated
from the six most intensive diffraction lines,
assuming a pseudo-cubic structure (Figure 2).
It increases linearly with x between 3.78 and
3.84 A, validating the preparation of the solid
solution. The obtained curve enables us to
determine the nickel content (x) of the pero-
vskite and will be used as a calibration
system to evaluate the possible migration of
nickel out of the structure during the catalytic
test.

Figures 3a and 3b show SEM micrographs of
samples calcined at 650 and 750°C, respect-
tively. The catalyst calcined at 750°C has a
smooth surface, which explains the lower
BET surface area. The holes formed during
calcination at low temperature by the
decomposition of nitrates and the departure
of NO,. Hence, the presence of nitrate in the
starting salt seems to be favourable for the
generation of holes.

Electron dispersive X-Ray spectroscopy
(EDS) coupled to TEM measurement was
carried out on different points of the samples
using a broad focus beam (200 nm) (1) to
determine the mean element proportions of
the sample and a small focus beam (14 nm)
(2 to 5) to ascertain the homogeneity of the
preparation (Figure 4a) for LaNigsAlysOs.
The combined  XRD and TEM
characterisation demonstrates the formation
of'a homogeneous La-Ni-Al solid solution.
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Table 1. IR bands (cm'l) of the LaNi,Al; O3 gel prepared by nitrates salts versus values of x

003115;1;183 of  sCO  vasCOO 8asCH;  vsCOO aizsiig vaNO
0.1 1710 1565 1464 1440 1380 830
0.3 1710 1564 1467 1438 1387 834
0.5 1720 1560 1462 1437 1387 835
0.7 1720 1563 1460 1437 1388 835

Note: The standard peaks are as follows:
Monodentate propionate: vasCOO = 1570, vsCOO = 1410
Bidentate propionate: vasCOO = 1520, vsCOO = 1420
Propionic acid: vsCO = 1710, dasCH; = 1468, dasCH; = 1380
Nitrate: v;NO = 1380, vo,NO = 830
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Figure 1. a) XRD diagrams for LaNi,Al;_,Os structures. b) Evolution of the position of the XRD highest peak
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TEM micrographs (Figure 5) show a general
view of the powders and a regular succession
of atomic planes. The inter-reticular distances
measured from the micrographs are very
similar to lattice parameters calculated from
XRD diagrams (3.789 A compared to 3.796
A).

Reducibility of the LaNi, Al; xO; Perovskites

It is clear that the active species in methane
reforming were reduced metal particles at the
surface of the catalysts. It has also been
suggested that strong interactions between
reduced metals and defined structure is
important to prevent sintering of metal
particles. Accordingly, studies of the
reducibility of metals is of prime interest. It
has been previously demonstrated [15] that
LaNiO; 1s reduced in two zones: at
approximately 380°C with La,Ni,Os forma-
tion, and at 550°C with the obtention of Ni°
particles deposited on La,O3;. We studied the
reducibility of LaNiAl perovskites and of Ni
commercial catalysts (24.3 wt% Ni/a-Al,0O3)
following the procedure described above in
the experimental section (Figure 6). LaAlO;
is almost irreducible up to 800°C. The Ni
perovskites have a first zone of reduction
between 350°C and 380°C. This zone

comprises two peaks or one peak and a
shoulder. Figure 7 shows the evolution of the
second reduction peak compared to the
average temperature of the reforming reac-
tion. The commercial catalyst is initially
reduced slowly and continuously from 420°C
until 750°C. A second zone of reduction is
characterised at higher temperature between
620°C (x = 0.9) and 800°C (x = 0.1). The
commercial catalyst is reduced at 780°C,
close to the reduction temperature of
LaNi0_3AL0,7O3.

As demonstrated for LaNiFe;. O3, the
trimetallic perovskite structure always exists
following the first reduction peak [18, 19].
The stability of the perovskite structure is
shown with the second reduction peak. The
temperature of the second reduction and the
amount of consumed hydrogen, decrease with
increasing the value of x. The high-
temperature reduction peak characterises a
strong interaction between Ni and the
perovskite or the support. This strong
interaction is probably one of the reasons for
the good resistance to coking and the good
ageing of the mixed La-Ni-Al perovskite
catalysts.
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Figure 2. Evolution of the lattice parameter of the LaNi,Al;_,O; structures versus x
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Figure 3. SEM observations of the La-Ni-Al perovskite obtained from nitrate salts and calcined at a) 650°C and b)
750°C
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Figure 4. La, Ni, and Al distribution observed by EDS X-ray spectroscopy for LaNi0.5A10.503 a) prior to the
reactivity test and b) after steam reforming at 800°C with H20/CH4 = 3
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Figure 5. TEM analysis of LaNij3;Aly ;05 a) prior to the reactivity test and b) after steam reforming at 750°C with
HQO/ CH4 =3
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Figure 6. TPR curves of LaNixAl1-xO3 and 24.3 wt% Ni/a-Al203 commercial catalyst
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Reactivity of LaNi Al;,O; in Methane Refor-
ming

Study of Reactivity on Steam Reforming with
H,O/CH,=1

During the third activation ramp (refer to
experimental section), methane conversion is
up to 80% at 650°C and reaches 100% at
800°C. Due to the low H,O/CH4 ratio, CO,
formation is very low up to 700°C (Figure
8a). Hydrogen yield is up to 90% at 750°C
(Figure 8b). The H,/CO ratio decreased from
12 to 3 with increasing temperature; a H,/CO
ratio close to 3 is obtained at 750°C. Carbon
formation for all catalysts is less than 2.5
wt% for all values of x except x = 1. Results
are similar for the first and second ramps. As
a comparison, for the 24.7 wt% Ni/a-Al,O;
catalyst used at the same conditions, the
reactor was blocked and filled by carbon after
only 1 h of reaction. This is explained by the
strong interaction of the free nickel obtained
after reduction with the bimetallic LaAlO;
perovskite. For Ni/a-Al,Os, Ni is either free
and able to produce nanotubes or nanofibers
of carbon, or it is in too strong an interaction
in the nickel aluminate structure. The catalyst
with 0.9 Ni is less active than catalysts with a
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lower Ni content. This trend can be explained
by progressive deactivation during the third
ramp of reactivity, as previously described
for LaNiFe perovskites [21, 22].

Study of Reactivity on Steam Reforming with
H,0/CH,=3

When the LaNij3Al;;0; catalyst was tested
with a H,O/CH,4 ratio= 3, the total conversion
of CHy is rapidly obtained at 750°C
(Figure 9). The selectivity of CO is lower
(55%) and the yield of hydrogen is higher
compared to the ratio H,O/CH4=1. After
170h. of reaction, no deactivation had
occurred, methane conversion remained hig-
her than 90% at 750°C, and carbon formation
is less than 0.6 wt% of the starting catalyst.
We also note that steam reforming of ethane
occurred under both operating con-ditions.
The conversion of C,Hg at 750°C is 75%.
The commercial catalyst performances are
very similar to those of our sample, and no
deactivation occurs with a water/methane
ratio of three.

Study of Reactivity on Dry Reforming
In the dry reforming of methane, all catalytic
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tests were performed following the same
temperature program of two cycles and a
third heating slope without previous reduc-
tion.

As indicated in Figure 10 methane is
completely converted at 750°C, for
LaNij3Aly 703 in the second cycle. A change
in the catalytic behaviour is observed
between the first heating and cooling ramps.
During the first heating ramp, CO production
starts around 650°C, whereas it is still
observed at the lower temperature of 550°C
during the cooling ramp; this trend is related
to reduction of the catalyst.

After activation of the catalysts, differences
in the catalytic behaviours depend on x. At
SOOOC, the LaNi0,1A10.903 and LaNi0.9A10.103
systems give low CH4 conversions (41.3%

100

and 27%, respectively) and low CO yields
(43.8% and 32.6%, respectively). For other
catalysts, 0.1<x<0.9, high activities are
obtained at 800°C in the three cycles (Figure
11). The CO yields are above 95% for these
perovskite systems; however, the activity of
LaNipsAlpsO3; decreased after three days,
related to approximately 8.76 wt% carbon
deposition on this catalyst. This is also the
case for catalysts with higher Ni contents.
Likewise, carbon deposition for LaNig3
Alp70;5 is around 1 wt%, and this catalyst
shows very good activity and stability after
one week of reaction at 750°C. The dry
reforming of ethane performed well in the
same conditions; total conversion of C,Hg is
obtained at 650°C.
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steam reforming (H20/CH4 = 1) versus X at various temperatures
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Characterisation of LaNi,Al;,O; After Cata-
lytic Test

To understand the evolution of the system
during the test, the catalysts were
characterised after the steam and dry
reforming tests. After steam reforming,
(H,O/CH4 = 3), LaNiAl catalysts show
approximately the same XRD spectra as
before the test except that some La,0s,
La(OH);3, or Lanthanum oxycarbonate could
be characterised around 30° (26). Ni or NiO
cannot be detected, showing apparently a
great dispersion of the metal particles. A
careful examination of the main diffraction
peak for LaNip3Alp;0O; after a week of
reactivity shows very few changes in the peak
position; this indicates very good stability.
Similar results have been obtained with the
same catalyst after one week of reactivity in
dry reforming; however, for x=0.7 after the
same reactivity test, it is evident that the
main peak is near 33.48° (20), corresponding
to LaAlO; perovskite alone. La,O; and
La(OH); are detected, but not Ni or NiO
particles. We can conclude that the stability
of the perovskite under the steam reforming
conditions test depends on the amount of
nickel incorporated in the initial perovskite.

Iranian Journal of Chemical Engineering, Vol. 3, No. 3

With a large amount of free nickel during the
test, greater carbon deposition occurs.

EDS analysis confirms that the homogeneity
of the catalyst after the test is similar to that
of the catalyst before the test for x = 0.5. For
x=0.7, parts with higher nickel concent-
rations being localised. We also measured the
amount of carbon after the same test
duration. The values are lower than 0.6 wt%
of the total catalyst for all samples reacted in
steam reforming with H,O/CH4,=3 In steam
reforming with H,O/CH4=1 and in dry
reforming, carbon formation is higher (2.5
wt% and 1 wt%, respectively), as generally
accepted.

Conclusions

We demonstrated that LaNizAl; O3 pero-
vskites (0<x<1) obtained via a sol-gel related
method are efficient in methane reforming
(steam and dry reforming). We obtained solid
solutions for all x values and a good
homogeneity, especially if nitrate salts are
used as precursors. The addition of
aluminium to the LaNiOj; perovskite struc-
ture generates a change in the temperature of
nickel reducibility, stabilises the structure
under reaction conditions, and limits the
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migration of the active nickel; however,
stability depends on the x value. The catalyst

LaNi0_3A10_7O3

shows good stability and

ageing in steam and dry reforming over 170
h. Few changes in structure were observed by
XRD for this catalyst, but when the nickel
content increases more nickel goes outside of
the structure and the catalyst performs as Ni
deposited on Ni/LaAlO;.
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