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Abstract-LaMn, Mg, O,y MgO and LaGr ,MnMg,:0;-y MgO catalysts (x=0-0.25, y=0-17) were prepared,
characterized (XRD, BET, SEM-EDS, TEM, FTIR, chemical and atomic absorption analyses), tested for high-tem-
perature methane combustion and aged in presence, @ $®estigate sulfur effect on catalytic activity. Different
roles of manganese and chromium in the perovskite structure have been assessed: (i) manganese improves the activ-
ity of catalysts in the fresh state, whereas chromium worsens it; (ii) owing to its basic nature, manganese makes
perovskites more prone to adsorb,38d so less resistant to sulfur poisoning, whereas chromium, owing to its acidic
nature, has opposite effects; (i) the partial solubility of chromium oxide in basic media renders Cr-catalyst regeneration
by NH, leaching less effective. MgO promotes catalytic activity of fresh J8gr.O,-y MgO catalysts and slows
down sulfur poisoning of LaMaMg,:0;:y MgO and LaGrMn,,sMg,s0;- 17 MgO catalysts only.

Key words: LaMgMg, 0,y MgO, LaCss MNMg,0;-y MgO, Perovskite, Methane Catalytic Combustion, Sulfur Poi-
soning

INTRODUCTION the ABQ, stoichiometry (where A is generally a rare-earth-metal
cation in the +3 oxidation state and B is a transition-metal cation in
Catalytic combustion for energy production purposes has receivethe same valence state) and the number of different perovskites avail-
considerable attention during the past decades because it represealkse from various preparation technigues is quite large owing to
the most effective strategy to significantly reduce pollutants (HC,both the variety of A and B metals that can enter the perovskite struc-
CO and NQ), produced during homogeneous combustion, and toture and the possibility to substitute partially both A and B [Ciam-
improve oxidation efficiency [Trimm, 1984; Pfefferle and Pferfferle, belli et al., 2000; Saracco et al., 1999].
1987; Zwinkels et al., 1993]. Perovskite catalysts, however, are sensitive to sulfur compounds.
Industrial applications, however, have been limited, so far, to dif-For this reason, they failed to become practical as automotive cat-
fusive-type catalytic heaters, because the other promising applicalysts, as sulfur is often present in relatively high concentrations in
tions (gas turbines [Garten et al., 1997] and premixed catalytic burnthe combustion products of automotive fuels [Wan, 1993] but they
ers for heat generation purposes [Cerri et al., 2000]) require venare promising in the field of natural gas combustion because much
strict properties of catalytic materials. The development of innova-more resistant to the low levels of sulfur compounds (about 10 ppm)
tive and reliable technology would make catalytic combustion wide-present in ground reservoirs or added on purpose to commercial
ly acceptable. Our current research efforts are addressed to develatural gas [Klvana, 1997].
oping cost-effective catalysts for application in premixed natural Previous studies on the effect of sulfur on the catalytic activity
gas catalytic burners for domestic boilers [Cerri et al., 2001] and irof LaMn,_,Mg,O, perovskites [Rosso et al., 2001a] showed drastic
the treatment of the exhaust gases of compressed natural gas castalyst deactivation after a 200 ppmv, 8&posure at 80 for
(CNG), characterized by the presence of significant unconverte@4 hours because of sulfates formation. The introduction of mag-
methane concentrations (having a 35-fold higher greenhouse potenesium oxide in LaMnMg,O;y MgO catalysts [Rosso et al., 2001b]
tial than CQ) [Farrauto and Heck, 1999]. Low ignition temperature, improved sulfur resistance, because MgO represented the preferen-
high-temperature resistance (up to 1,80 long-term stabilty tial adsorption site for the S@olecules: deactivation of such cat-
and good resistance to poisoning agents such as sulfur compoundlysts was appreciable only after 32 days of exposure to 200 ppmv
(either present in natural gas ground reservoirs or introduced as oddBO, at 800C (accelerated ageing conditions). It can be expected
ants) are the required properties of combustion catalysts suitablinat the use of a more acidic element than Mn, as chromium, in the
for both applications. above perovskite could improve the catalyst stability towards sul-
Perovskite-type mixed oxides can meet these requirements, owinfyir poisoning. On the basis of previous studies on the 1LMGIO,
to their low cost, thermo-chemical stability at comparatively high perovskites (x=0-0.5) [Saracco et al., 1996], chromium was intro-
temperatures (900-1,1080), and good catalytic activity [Arai etal., duced in perovskite structure as partial or complete substitution of
1986; Klvana et al., 1994; Collongue et al., 1991]. Perovskites havenanganese (Lagr,Mn Mg, O, (x=0-0.5)) and sulfur resistance
of the resulting system was evaluated. In this paper our efforts to im-
To whom correspondence should be addressed. prove sulfur resistance of perovskite catalysts for natural combus-
E-mail: ilaria.rosso@polito.it tion were summarized and discussed comparing 0.5 Mg-substituted
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manganites, chromites and the bridging family, La@tnMg, O, metallization of the sample and the X-ray emission (EDS) of gold
with or without the MgO promoter. overlaps those of other elements of interest (e.g. sulfur), simulta-
neous EDS and SEM measurements on the same sample were not
EXPERIMENTAL possible.
Infrared spectroscopy spectra (Bruker Equinox 55 FTIR, equip-
1. Catalyst Preparation ped with MCT detector) were recorded in the transmittance mode

A series of catalysts of the perovskite type Laiiy,O, and on samples pelletized or deposed on silicon wafer of fresh and 32-
LaCrs ,MnMg, O, (X=0, 0.25, 0.5) with different excess of MgO days-aged LaMygMg,:O,-y MgO and LaGr MnMg,:0;'y MgO
compared to the stoichiometric value (perovskite-MgO excess ratioppowders, after degassing in vacuum at room temperature for 30 min.
25/75 wt%, 50/50 wit% and 75/25 wi%, corresponding to 1/17, 1/64. Catalytic Activity Screening Tests
and 1/2 molecular ratios, respectively) was prepared via a modified Catalytic activity tests were performed on fresh, aged and regen-
version of the so called “citrates method” described in Rosso et algrated (see section 2.5) catalysts in the experimental apparatus and ac-
20014, b. cording to the procedures described in detail in Saracco et al. [1999).

Calcination was performed in calm air at 90dor 8 hours for  After 30 min stay at 80T in air flow as a common pre-treatment,
all LaMn,sMg, 05y MgO catalysts and for MgO-free LagiMn, a gas flow rate of 50 Néhmin™ (composition: CkE2%, Q=18%,

Mg, {O; catalysts. Calcination was performed at 1;@fbr 3 hours He=balance) was fed to a fixed-bed of 0.5 g of catalyst particles.
for MgO-rich LaCys  Mn Mg, O, catalysts, in order to avoid, for Such pellets were obtained by pressing at 125 MPa the perovskite
the Cr-containing materials, the formation of less active phases, compowders into tablets, which were then crushed and sieved to obtain
taining Cf* compounds such as,CrQ, [Saracco et al., 1996] which  0.2-0.5 mm pellets. The fixed bed was enclosed in a quartz tube
are formed at lower calcination temperatures and times. Pure Mg@.D.: 4 mm) and sandwiched between two quartz-wool layers. The
was prepared with the same experimental procedure and calcinatedactor was placed in a PID-regulated oven and a K-type thermo-
at 90C°C for 8 hours. couple was inserted into the packed bed.

2. Catalyst Ageing Tests After the pretreatment, the reactor temperature was lowered at a

Different samples of Lagy,MnMg,-0,-y MgO powdered cat-  3°C miri* rate from 800C down to 300C, meanwhile analyzing
alysts were treated at 8D for 1, 2, 4, 8, 16 and 32 days in a con- the outlet C@concentration (the only detectable carbon oxidation
trolled-atmosphere oven. As previously done [Rosso et al., 2001gyroduct) through an NDIR analyser (Hartmann & Braun URAS
b] a flow of air with 200 ppmv of SQwas forced to pass at a rate 10E) in order to determine methane conversion. Typical sigma-shaped
of 20 Ncni min™ over 1 g of powdered material located in a por- curves were obtained for methane conversion versus temperature.
celain combustion boat. Twin runs were performed on two different samples of the same

A high SQ level (about 20 times higher than that corresponding catalytic material and the results were then averaged. The devia-
to odorants usually added to commercial natural gas) was choseion between the conversions measured at the same temperature in
in order to accelerate the ageing effect. Fractions of théré€x@ed the twin runs was always less than 10%. No significant hysteresis
catalysts were used for characterization, catalytic activity tests andias observed for these curves, with the catalytic tests performed
catalyst regeneration studies. upward (from 300 to 80) after the downward standard run. The
3. Fresh/Aged Catalyst Characterization half-conversion temperatures{Twas regarded as an index of the

Chemical analysis (dissolution in acid+atomic absorption) wascatalytic activity.
performed by a Perkin Elmer 1100B atomic absorption spectromeb. Catalyst Regeneration
ter on each catalyst to confirm that the amount of the various ele- LaCr, . ,MnMg,:0;-y MgO and LaMgpMg,O,-17 MgO cat-
ments of interest (La, Mn, Cr, Mg) was consistent with the nomi-alysts, aged in SGatmosphere for 32 days, were regenerated by
nal content. leaching with either distilled water or an aqueous $tilition (2.5%

XRD analyses (Philips XPert apparatus equipped with a monov/v), according to the procedure described in Rosso et al., [2001a]:
chromator for Cu k& radiation) were performed on all fresh cat- 1 g of each catalyst was washed with 68 afthe leachant at room
alysts (to check the formation of crystallized perovskite and MgOtemperature in a stirred beaker; the powder was then filtered on a
phases) and on the aged ones (to check the possible formation paper filter and dried in an oven at 120
new phases). The leachates obtained during catalyst regeneration were acidi-

The specific surface area was measured by the BET method usirfigd by adding a diluted aqueous HCI solution. Cations and soluble
N, on all fresh LaMpMg,O;-y MgO and LaGr,_ ,MnMg,0;-y sulfur were detected in the leaching medium by atomic absorption.
MgO catalysts (Micromeritics ASAP 2010 M apparatus). BET meas-
urements were also performed on 32 aged catalysts to assess the RESULTS AND DISCUSSION
influence of S@poisoning on the specific surface area.

Transmission electron microscopy (TEM, Philips EM 400 appa- The calcination step in the catalyst preparation was performed at
ratus) was performed on the different powdered perovskites to inthe lowest temperatures yielding the desired phases in a well crys-
vestigate their microstructure. Scanning electron microscopy (SEMJallized form, so as to obtain specific surface areas as high as pos-
and energy dispersion spectroscopy (EDS) (Philips 515 SEM equipsible. Whereas all the LaMiMg,O,-y MgO catalysts crystallize
ped with EDAX 9900 EDS) were performed to investigate the mor-after 8 hours at 90, the Cr-containing catalysts show a different
phology as well as the elemental composition and distribution ofbehavior: MgO-free perovskites crystallize after 8 hours at®00
all the catalysts. Since the morphological analysis (SEM) needs goldut MgO-rich perovskites crystallization needs 3 hours at 3000
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Fig. 1. X-ray diffraction patterns of: a) fresh LaMn,Mg,O,-17
MgO catalyst calcinated for 8 hours at 900C; b) fresh
LaCr,,dMn,,Mg,:0;-17 MgO catalyst calcinated for 3
hours at 1,000C. Legend: (@) perovskite; (@) MgO, (A)
MgeMnOs.

70

lines (JCPDS card 33-0701) for Cr and Cr/Mn-containing species
and well-defined rhombohedral diffraction lines (JCPDS card 32-
0484) for Mn/Mg-containing species. The diffraction peaks of MgO
(JCPDS card 45-0946) were clearly seen in all diffraction patterns
of MgO-rich catalysts and their intensity rises with the increasing
of the MgO excess in the catalysts (from 25% to 75%, respectively).
Weak diffraction peaks attributable to,CeO; phase (JCPDS card
26-0817) were present only in the La@lg, O, spectrum while
the spectra of all the MgO-rich Mn/Mg-containing catalysts show
weak diffraction peaks of the MgnO, phase (JCPDS card 19-
0766). The diffraction patterns of fresh Lajvig,:O,-17 MgO
and LaCy,Mn,,sMg,:0;-17 MgO are shown, as an example, in
Fig. 1a and Fig. 1b, respectively.

The data of specific surface area of all fresh catalysts are listed
in Table 1. MgO-free catalysts have a specific surface area of 6-
14 nt g*, which rises by increasing the MgO excess up to 37240 m
g for alt MgO-richest catalysts. In spite of the higher calcination
temperature required for MgO-rich Cr-containing catalysts, their
specific surface area rises by increasing the MgO excess and the

For Cr-containing catalysts, an excess of magnesium oxide slowBET data of all the MgO-richest catalysts are comparable, so con-
down the perovskite crystallization process, so that a higher calcifirming the textural promoting effect of MgO, already observed [Sa-

nation temperature is required.

Performing these calcinations, the typical ABSructure was
formed in all cases, showing well-defined orthorhombic diffraction (Fig. 2a) and LaMnMg,:0;-17 MgO (Fig. 2b) catalysts. The per-

racco et al., 1999; Rosso et al., 2001b].
Fig. 2 shows, as an example, TEM micrographs of JJ&i0F O,

Table 1. Specific surface area (BET, Ay™) and methane half-conversion temperatures (, °C) of fresh LaMn, Mg,:0;-y MgO and
LaCr,s.,Mn,Mg,O,-y MgO perovskites. BET and T, values of MgO are: 34.5 rhg™ and 582°C, respectively

y MgO LaMno.sMgo.sos'y Mgo LaCE.sMgo.sos'y Mgo LaCB.stno.stgo.sos'y Mgo
BET [n*g] T5 [*C] BET [n*g] Ts0[*C] BET [n*g] Ts0[°C]
0 700 455 () 6.1 577 14.4 506
2 32.80) 489 @) 13.6 552 - -
6 20.80) 468 @) 24.2 545 - -
17 40.39 498 {) 36.9 529 38.0 532

(") Rosso et al. [20013]
(® Rosso et al. [2001b]

Fig. 2. TEM micrographs of fresh catalysts (280,000x): A) LaGEMg,:0;; B) LaMn  Mg,:05-17 MgO.
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substitutions force a fraction of either manganese or chromium to
shift to the IV oxidation state [Saracco et al., 1996, 1999], it can be
stated that the Mhspecies has an activity higher than that of the
Cr** ones.

(2) MgO has a promoting effect on the catalytic activity of L.aCr
Mg,O;'y MgO catalysts. The higher specific surface area of MgO-
rich perovskites is favorable in terms of increase of the specific num-
ber of active sites and of an improvement of catalytic activity.

(3) MgO does not have a promoting effect on the catalytic activity
of LaMn, Mg, 0,y MgO and LaGeMn, ,dMg,0;-17 MgO cat-
alysts. The large gain in the specific surface area obtained by in-
troducing MgO seems not to have a direct positive effect on the
catalytic activity. The observed decrease of catalytic activity could
be caused (i) by the progressive dilution of the perovskite active
phase due to increasing the MgO content (y=2, 6, 17), (ii) by the
very strict mixture between MgO and perovskite crystals, observed
in TEM micrographs (Fig. 2b), that, as already proposed [Saracco et
al., 1999], could hamper the reacting gases from reaching the active
catalyst surface. These effects are not important for, MdGy-O;-

y MgO catalysts probably because the catalytic activity of ,aCr
Mg, O, perovskite is close to that of MgO, so that the increase of
the specific surface area is the prevailing factor.

Sulfur poisoning of the catalysts brings about no consistent struc-
tural modifications on the catalysts, as no new peaks are observed
in the XRD spectra of all the aged catalysts.

BET data obtained on 32-day-aged catalysts show that MgO-free
perovskites with low BET values in the fresh state do not change
their specific surface area: from 7.0 to 7°2yhfor LaMn, Mg, O,
perovskite and from 6.1 to 5.9 " for LaCgMg,O; perovs-

L e ‘ kite. MgO-richest perovskites with highest BET data in the fresh
Fig. 3. SEM micrographs of fresh catalysts: B) LaMpMg,<Os-6 state, instead, lose after the same exposure some specific surface

MgO (10,000x); A) LaCr,;Mg,.O,-17 MgO (5,000). area: from 40.3 to 28._52ng‘1 for LaMn, Mg, :O;-17 MgO cata-
lyst, from 36.9 to 30 Ag™* for LaCk Mg,sO;-17 MgO catalyst and

from 38 to 27 rig* for LaCr, ,dMin, Mg, 0;-17 MgO catalyst. A
ovskite crystal size is about 90-120 nm in MgO-free catalyst (Fig.pure thermal effect in the absence of $@s evaluated on the spe-
2a) and about 30 nm in MgO-richest one (Fig. 2b), where the darkcific surface area of MgO: it diminishes from 34.5 to 19§ hafter
perovskite crystals are surrounded by light-grey MgO ones. Thel6 days at 80 [Rosso et al., 2001b]. The decrease of specific
co-crystallization with MgO brings about the reduction of the aver- surface area observed on all 32-days-aged MgO-richest catalysts
age perovskite crystal size, in good agreement with BET data. Catan be due to both sulfur presence and thermal effects; the high BET
alyst morphology is shown, as an example, in Fig. 3. SEM micro-data kept after ageing, however, confirm the effectiveness of MgO
graphs of fresh LaMgVig,0,-6 MgO (Fig. 3a) and LagMg,:0;- as a textural promoter.

17 MgO (Fig. 3b) catalysts show a spongy microstructure for both The effect of SQexposure for progressively longer contact times

catalysts. at 800°C on the catalytic activity of LaMgMg,O;-y MgO and
For the catalytic activity of fresh catalysts (Table 1), the results LaCr, Mg, 0,y MgO catalysts is shown in Fig. 4a and b, respec-
are as follows: tively.

Mn-containing catalysts (Fig. 4a), more active in the fresh state,
(1) the partial substitution of Cr with Mn in the perovskite struc- show a drastic deactivation after only 1 day of 8&posure for

ture improves the catalytic activity. That of La@tg,sO; perovs- the MgO-free catalyst and a comparable deactivation after about 4,
kite is close to that of MgO (F577°C and 582C, respectively); 16 and 32 days for the catalyst with 25 wt%, 50 wt% and 75 wt%
the half-conversion temperature of Lg@¥in,,Mg,:O; perovs- of MgO excess, respectively. In MgO-free catalysts, perovskite phase
kite is definitively lower (T,=506°C); and that of LaMnMg, O, deactivates rapidly, because of the basic nature of elements such as
perovskite is the lowest {F455°C). The presence of Mn brings La, Mg and Mn which are very prone to adsorb acidic species like
about a progressive improvement of catalytic activity. This is notSQ,. MgO-rich catalysts deactivate more slowly and the higher is
surprising as it is already known that in the absence of Mg, Mnthe MgO content, the slower is the deactivation rate, because of the
containing catalysts are more active than Cr-containing ones [Sepresence of the basic MgO, which preferentially adsorbs sulfur and
yama, 1992]: in the present case, because the Cr/Mg and Mn/Mthus allows the perovskite active sites to avoid sulfur poisoning for

Korean J. Chem. Eng.(Vol. 20, No. 2)
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Fig. 5. FTIR absorbance spectra in the 1,300-800 chregion (cor-
- . responding to the modes of sulfates) of LaMMg, ;-
= 7T mom 17 MgO catalyst in: a) fresh state; b) aged for 32 days at
[ > 800°C in 200 ppmv SQ atmosphere and of LaCg,Mn s
550 £ &~meoooe m LaCr, Mgy;0, Mg,0;-17 MgO catalyst in: c) fresh state; d) aged for 32
1 " ® LaCr,Mg,;0,2 MgoO .
Lo-- o LaCr. Mg, 0.6 MgO days at 80C°C in 200 ppmv SQ atmosphere.
525 1 ¢ LaCr,Mg,:0,17 Mgo
500 . . . . T s s 17 MgO (curve a and b) and Lg&¥n,,Mg,O;-17 MgO cata-
0 S 10 .15 2 25 lysts (curve ¢ and d) in the sulfate region. The spectra of 32-aged
time [days] samples (curve b and d) show four bands at about 1,181, 1,106, 1,071

Fig. 4. Methane half conversion temperatures (J, °C) of LaMn and 993 crt that can be assigned to bulk{S@ns in G, sym-
Mgo:0s'y MgO (A) and LaCr,Mg,:Osy MgO catalysts metry [Bensitel et al. 1989; Rosso et al., 2001b]. It is important to
(B) vs. exposure time to 200 ppmv St 800°C. underline that the difference in the intensity between the two spec-
tra is due to the different experimental procedure followed to pre-
a longer time. MgO actually furnishes preferential adsorption sitepare the samples (pelletization for LajMig,:O,-17 MgO, curve
for SO, molecules [Wan, 1993], as confirmed by the use of MgO b and deposition for LageMn, ,dMg,0;-17 MgO, curve d) and
derivatives as S(adsorbents in catalytic cracking units [Bertola- not, necessarily, to different amounts of sulfates on the two cata-
cini, 1991]. However, after prolonged exposure tg, $@ active lysts.
sites of the perovskite phase are also involved in sulfur poisoning, The negative extent of sulfates formed on MgO phase on the cat-
so that the catalytic activity is depressed. alytic activity of aged Cr-containing catalysts can be explained con-
Cr-containing catalysts (Fig. 4b), instead, show a quite differentsidering a shielding effect that sulfate species formed on the MgO
behavior. If the LaGeMg,O;-17 MgO catalyst, within the Lagr phase might have on the perovskite surface. Considering that the
Mg, 0,y MgO series, shows the best catalytic activity in the freshperovskite crystals are embedded into the MgO matrix, it is well
state, the MgO-free LagMg,O; catalyst preserves, among the possible that the steric hindrance of sulfate species formed on the
catalysts tested, its starting catalytic activity after 32 days of SOMgO phase prevents the reacting gases from reaching the perovs-
exposure at 80C. The MgO-rich catalysts, in fact, show a negli- kite active sites and causes a consequent decrease of the catalytic
gible deactivation up to 16 days of Sé€xposure, but their cata- activity. After prolonged exposure to S@oweverperovskite ac-
lytic activity decreases after 32 days. Again, MgO furnishes prefertive sites can be directly involved in sulfur poisoning, so the shield-
ential adsorption sites for $S@olecules, as for LaMgMg,0;-y ing effect of sulfates formed on MgO together with the direct deac-
MgO catalysts. EDS analysis reveals a significant presence of sutivation of perovskite active sites are responsible of each catalyst
fur on each 32-day-aged catalyst (from 0.9-1 wt% for L a@#tn, deactivation (Mn-containing catalysts, t00).
Mg, O, catalysts to 1.3 wt% for LaMgVig,O;-17 MgO perovs- In contrast, the MgO-free LaggMg, O, catalyst, thanks to the
kite and up to 1.7-1.8 wt% for Lagsr,MnMg,sO;-17 MgO ones)  acidic nature of chromium which is less prone than manganese to
but the amount of sulfur detected on all MgO-richest 32-days-agedulfur adsorption, shows a higher resistance to sulfur poisoning.
catalysts is about twice the amount of sulfur detected on 32-days- At last, Cr/Mn-containing catalysts (Fig. 6), although crystallize
aged MgO-free catalysts (this fact alone is not conclusive, as it couldh the same orthorhombic perovskite phase of J8gx -0,y MgO
be due to the higher specific surface area of the former). catalysts, show a behavior similar to the Mn-containing catalysts.
Evidence of sulfates formation on MgO phase of all MgO-rich- Thanks to the Mn presence, MgO-free Lafin,,Mg,O; cata-
est 32-days-aged catalysts is given by FTIR spectra. Fig. 5 reportfyst is more active than Lagg,:O; one in the fresh state, but it
as an example, the spectra of fresh and 32-days-aged-Miyi®,- deactivates drastically after only one day exposure {oLSGk, s
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Fig. 6. Methane half conversion temperatures (i, °C) of LaCr s
Mg,:04/LaCr, Mg, 0;-17 MgO, LaCro Mn,MgosO4/La
Cro2sMNo2MJo0;5-17 MgO and LaMn, Mg,:O7LaMn 45
Mg,:0,-17 MgO catalysts vs. exposure time to 200 ppmv
SG, at 800°C.
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thanks to its worsening of only 3D.

On the basis of the expertise derived from previous works on
LaMn,_Mg,0O; catalysts [Rosso et al., 2001a], catalyst regenera-
tion was performed by washing with either water or an agueous
NH; solution (Table 2). Surprisingly, the extent of regeneration of
Cr-containing catalysts is somehow better using the water leach-
ing, whereas both water and ammonia leaching are effective for
Mn-containing catalyst regeneration. A previous comparison on
LaMn,_Mg,O; perovskitebetween the washing with water or with
aqueous NEisolution [Rosso et al., 2001a] demonstrated that am-
monia leaching was more effective in restoring the catalytic activ-
ity of the catalysts. Assuming that metal sulfateg($@),).] disso-
lution by water is based on the following mechanism [Rosso et al.,
2001a]:

[M2(SO)dsoiatNH,O<> [M(OH) ]yt NH+NHSQ, @

It is evident that the NIDH leaching should be more effective be-
cause it shifts the equilibrium to the right side. Then the formation
of the metal hydroxide, which turns into metal oxide at high tem-
perature, allows preserving the original composition of the perovs-

Mn,,Mg,:0;-17 MgO catalyst, instead, deactivates more slowly kite.
than the corresponding MgO-free ones, thanks to the protecting role Atomic absorption data listed in Table 3 show the presence of

of MgO against sulfur poisoning.

chromium, magnesium and sulfur in both water and Ibk¢hate

From the comparison among the different catalyst families (Fig.for all the Cr-containing catalysts, and magnesium and sulfur for
6), LaMn,:Mg,s0;-17 MgO catalyst keeps the best catalytic activ- the Mn-containing catalysts (manganese was absent, while lantha-
ity after 32 days of SCexposure, although it gets worse at about hum was not detected because of its high detection limitgf25

90°C, thanks to its highest starting catalytic activity. L,d@g,O;

ml)). The sulfur amounts are much larger than the magnesium and

catalyst, instead, shows a little worse catalytic activity after 32 dayshe chromium ones, which allows the original composition of cat-
of SO, exposure, although its starting catalytic activity is the lowest,alyst to be substantially preserved. The, Mdching dissolves more

Table 2. Methane half-conversion temperatures. (, °C) of fresh, 32-days-aged and washed Lagy,Mn,Mg,O;-y MgO and LaMn, 5

Mg,:0;'y MgO perovskites

LaCrsMgosO;-y MgO

LaCp .Mng Mo 505y MgO

LaMny sMd,50;-y MgO

MgO

yve 0 17 0 17 0 17
fresh 577 529 506 532 455%( 498¢)
32-days-aged 607 623 724 687 645()* 589()
washed (NH 605 588 554 532 45%( 514¢)
washed (5D) 585 566 505 532 46%( 515¢)

*1-day-aged
(") Rosso et al. [200143]
(® Rosso et al. [2001b]

Table 3. Atomic absorption data (mg element/g catalyst) on the leachate obtained on the 32-days-aged LaMg,s0O;-y MgO and
LaCr s ,Mn,Mg,0;-y MgO perovskites by aqueous NiHand water leaching

LaCr,sMge<0;-y MgO

LaCpMng .Mgos0;'y MgO

LaMn sMgo 505y MgO

y MgO 0 17 0 17 0 17

Cr (NH;) 0.46 0.13 0.23 0.05 - -

(H,0) 0.35 0.11 0.18 0.03 - -

Mg (NH,) 0.14 0.58 0.03 0.21 0.15¢ 0.50
(H,0) 0.62 2.3 0.15 1.1 0.53¢)* 15
s (NH,) 32 58 38 67 6.4 62
(H,0) 18 34 25 40 3.7 38

*analysis performed on the leachate obtained on 1-day-aged catalyst.

(") Rosso et al. [20013]
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sulfur and less magnesium than the water leaching, confirming afur poisoning and does not require regeneration leaching. This is a
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