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Abstract 
The mixed ionic-electronic conductivity under dilute hydrogen, the stability and the catalytic 
activity under propane:air type mixtures of a series of LAMOX oxide-ion conductors have 

been studied. The effect of exposure to dilute hydrogen on the conductivity of the β-La2(Mo2 -

 yWy)O9 series at 600 °C depends on tungsten content: almost negligible for the highest 
(y = 1.4), it is important for La2Mo2O9 (y = 0). In propane:air, all tested LAMOX electrolytes 
are stable at 600-700 °C, but get reduced when water vapour is present. La2Mo2O9 is the best 
oxidation catalyst of the series, with an activity comparable to that of nickel.The catalytic 
activity of other tested LAMOX compounds is much lower, (La1.9Y0.1)Mo2O9 showing a 
deactivation phenomenon. These results suggest that depending on composition, La2(Mo2 -

 yWy)O9 compounds could be either electrolytes in single-chamber SOFC and dual-chamber 
micro-SOFC (y = 1.4) or anode materials in dual-chamber SOFC (low y) or oxidation catalysts 
in SOFCs operating with propane (y = 0). 

KKeeyywwoorrddss::  
LAMOX ; Mixed Ionic Electronic Conduction ; Oxidation Catalysis ; Propane ; Reduction ; 
Single or Dual Chamber ; Solid Oxide Fuel Cell ; Stability 

I. Introduction 
The discovery, in La2Mo2O9, of an oxide-ion conductivity higher than that of stabilised 
zirconias above 580 °C [1] opened the prospect for using this material or its derivatives (the 
so-called LAMOX family [2]) as electrolyte in intermediate temperature solid oxide fuel cells 
(ITSOFCs). Indeed, it would lower the cell working temperature by about 150 °C in 
comparison to the standard 8 mol.-%YSZ. However, the drawback of molybdates as 
electrolytes in conventional SOFC devices is their tendency to easily get reduced in hydrogen. 
It is for instance the case of Y substituted LAMOX which, when reduced, show additional 
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electronic conductivity due to mixed-valent molybdenum [3]. However, the reducibility of 
LAMOX compounds can be minimised through partial substitution of molybdenum for 
tungsten (up to <75%) [4]. A careful examination of the stability phase diagram of W-
substituted La2Mo2O9 [5] shows that there is a region in P(O2)-T where La2Mo2O9 can get 
reduced whereas La2(Mo0.5W1.5)O9 remains stable. It opens up the way for using LAMOX 
compounds either as electrolyte or as anode materials, depending on SOFC configuration 
(conventional or single chamber) and on operating temperature. Moreover, both 
molybdenum and lanthanum are highly active catalytic elements in selective oxidation and 
oxidative dehydrogenation, and La2Mo2O9 has already been known to be a catalyst for selective 
oxidation of toluene [6]. Therefore, LAMOX materials might also be useful as oxidation 
catalysts for internal reforming at the anodic side of direct hydrocarbon SOFC devices [7]. 
The above considerations incited us to undertake a study on the electrical, catalytic and 
stability properties of a series of LAMOX compounds in hydrogen (ideal fuel for non-polluting 
waste) and propane (ideal hydrocarbon for its high energy density in liquid form [8, 9]) fuel 
gas atmospheres. 
The aim was to test their ability to be used as multipurpose materials (electrolyte and/or 
anode and/or catalyst, depending on composition) in such devices as single or dual chamber 
(be it hydrogen or direct hydrocarbon) intermediate temperature SOFCs. First results are 
presented here. 

II. Experimental 
IIII..11..  SSaammpplleess  pprreeppaarraattiioonn  

II.1.1 Powder samples 

Reference and LAMOX powders used in this study were either commercial samples (Ni), or 
prepared by solid-state reaction from commercial elementary oxides. Typical thermal 
treatments for the preparation of LAMOX compounds include a pre-annealing for 12 h at 
500°C (in order to avoid molybdenum oxide sublimation) followed by a series of annealings 
between 900 and 1,225 °C depending on composition, with intermediate grindings 
(heating/cooling rates of 5 °C min–1). At room temperature, all LAMOX compounds are 
obtained in their cubic β form, except for La2Mo2O9 and Pr2Mo2O9 which are in the monoclinic 
α form. 
The La7Mo7O30 sample used in the stability study under propane:air was prepared by partial 
reduction under dilute hydrogen of a La2Mo2O9 powder sample (see Ref. [10]): a 1 g sample of 
La2Mo2O9 is annealed in a quartz crucible at 760 °C under a 6 vol.-%H2–94 vol.-%N2 flowing 
gas mixture until weight loss reaches about 1.117%, the theoretical value for La7Mo7O30 

composition (usually after 3–4 h, a diffuse partial reduction plateau is reached). The heating 
and cooling rates in the same atmosphere were 30 °C min–1. 
Phase purity was checked by room temperature X-ray diffraction, on a PANalytical h/h Bragg-
Brentano X’pert MPD PRO diffractometer (CuK α 1+2 radiations) equipped with an X’celerator 
detector (2h range 5–130°, 2h step 0.0084°, total counting time 5 h). 

II.1.2 Pellets 
The La2(Mo2 – yWy)O9 pellet samples used for the conductivity study were prepared from the 
previous powder batches with the same composition. Powders were first ball-milled in a 
FRITSCH planetary micromill pulverizette 7 apparatus. The two agate vials containing 
<900mg of powder each, together with six agate balls (diameter <1.2 cm) in ethanol, are 
rotated at 1,120 rpm for four cycles of 15 min, with 15 min rest in between. Samples with 
about 300 mg of the previous ground powder, mixed with one drop of a solution of polyvinylic 
alcohol as an organic binder, were then shaped as pellets in a 5 mm diameter mould by 
uniaxial pressing at 500 MPa, followed by isostatic pressing at 500 MPa. The shaped samples 
were heated at 400 °C for 12 h (heating rate 2 °C min–1) in order to decompose the organic 
binder, then sintered on Pt wedges for 3 h at 1,000 °C for y = 0, at 1,175 °C for y = 0.5 or at 
1,225 °C for y = 1 and y = 1.4 (heating rate 5 °C min–1). The relative densities were higher than 
97 (1)%. 
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IIII..22..  CCoonndduuccttiivviittyy  mmeeaassuurreemmeennttss  
The total conductivity of the La2(Mo2 – yWy)O9 pellet samples at different temperatures in air, 
in Ar and in commercial 90%Ar–10%H2 mixture (Argon MHU10, Air Liquide) at total flowrate 
0.6 L h–1, was measured by complex impedance spectroscopy in the frequency range 13 MHz–
5 Hz. For this purpose, a Hewlett Packard 4192A frequency response analyser was used. The 
measurements were performed at the open circuit voltage, and the applied AC voltage was 
50mV. Prior to measurements, thin film platinum electrodes (Pt paste) were deposited on 
both faces of each pellet sample. The samples were connected to the frequency response 
analyser using platinum grids and wires, mounted on a stainless steel triple sample holder 
placed inside an alumina tube, and positioned in a Pyrox furnace. The properties of the three 
samples were therefore investigated almost simultaneously by semi-automatic measurement. 
The electrical properties of the pellet samples were measured in air while heating up, then in 
pure argon at 608 °C, then in the Ar–H2 mixture for 24 h at the same temperature and finally 
during cooling down from 608 °C to RT in the Ar–H2 atmosphere. The measurement is 
performed after at least 30 min of thermal stabilisation. 
The sample resistance was evaluated by intercepting data with the Re(Z) axis. Occasionally, 
for the measurements in air, when this evaluation required the deconvolution of 
sample/electrode contribution, impedance data were fitted using a R//CPE electrical circuit 
with the equivalent circuit option of the ZVIEW program (Scribner Associates Inc.). 

IIII..33..  MMeeaassuurreemmeennttss  iinn  pprrooppaannee::aaiirr  aattmmoosspphheerreess  
Fuel:air mixtures are typical gas environment for single-chamber SOFC devices, which rely on 
the difference in catalytic activities between the anode and cathode materials (for 
hydrocarbon oxidation and oxygen reduction, respectively) [11, 12]. Due to the relatively large 
explosivity domain of these fuel mixtures, special care relative to gas balance should be taken 
for measurements in such atmospheres. Lower and upper explosivity limits of propane 
volume percent in standard conditions (LEL = 2.2 vol.-% and UEL = 10 vol.-%, respectively 
[13]) enable two possible working areas, which vary with temperature and pressure [13, 14] 
(see Figure 1). High nitrogen inerting, which enables to prospect any C3H8:O2 proportion, is 
recommended in order to avoid explosion risks. 

II.3.1. Thermal stability 
For stability tests of LAMOX compounds in propane:air mixture, we used a 16:84 vol.-% 
propane:air proportion (above UEL), in propane excess relative to the optimal 10:90 vol.-% 
proportion used in single-chamber SOFC [15, 16]. The aim was to accelerate ageing while 
avoiding explosivity risks. In addition, the effects of nitrogen inerting (initial mixture diluted 
twice in nitrogen) and of water vapour (around 2–3%, from gas bubbling in water) were 
measured. 
For each composition, a single batch of around 500 mg of raw powder was placed in an 
alumina boat inside a tubular furnace allowing gas flowing, with variable area flowmeters 
controlling each gas flow. A thermal plateau with T equal to 600 or 700 °C was applied for 
24–72 h in the gas mixture (with heating and cooling in nitrogen at 10 °C min–1). 
After the thermal treatment, samples were characterised by X-ray diffraction (XRD). XRD 
patterns were recorded at room temperature on a Siemens D5000 diffractometer or on the 
PANalytical h/h Bragg-Brentano X’pert MPD PRO diffractometer (Cu Ka1 + 2 radiations). 

II.3.2. Catalytic activity 
Catalytic tests were carried out below LEL in an oxygenrich 1.8:98.2 vol.-% propane:‘air’ gas 
mixture in order to avoid coking. Some tests were also performed in a 2:98 vol.-% 
methane:‘air’ gas mixture. By ‘air’, we mean a 20:80 vol.-% O2:He gas mixture. Catalytic 
measurements were performed on a SWITCH 16 reactor System (AMTEC GmbH), which can 
contain up to 16 samples [17]. This system is built up from 16 tubular reactors (internal 
diameter 7 mm) placed in a heating device and individually connected to an inlet gas valve. All 
the tubing and valves are heated in order to avoid water vapour condensation. Feed and 
outflow gases are analysed by gas chromatography (Agilent 3000 version QUAD instrument) 
equipped with Agilent 6890 thermal conductivity detectors (columns molecular sieve 5A, 



Fuel cells, 2010, 10(3), 433-439, doi: 10.1002/fuce.200900099 
 
PoraPlot U and PoraPlot Q for O2, CH4, CO and CO2, C3H8 – x, C4H10 – x measurements), and 
Agilent 6850 flame ionisation detectors (columns OV1 and Stabilwax for carboxylic acids and 
aldehydes measurements). The major part of water contained in the gas mixture is condensed 
upstream before the modules with a Peltier cooler. 
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FFiigguurree  11::  SScchheemmaattiicc  eexxttrraappoollaattiioonn  ooff  tthhee  SShhaappiirroo  ddiiaaggrraamm  ffoorr  CC33HH88--OO22--NN22..  

This device enables the study of a catalyst in a gas flow independently from the others, which 
are meanwhile submitted to an oxidising atmosphere (20:80 vol.-% O2:He gas mixture, with a 
50 mL min–1 total flow for each sample). 
About 100 mg of each sample have been submitted to this oxidising atmosphere at 400 °C 
prior to catalytic measurements, which were performed under a 3 L h–1 total flow of 1.8 vol.-% 
propane in the previous oxidising atmosphere. Measurements were carried out as follows. The 
catalysts activity was measured in a sequential way, one after each other, at 400 °C. 
Measurements were duplicated: the first one 2 min after the test starts (time t2), and the 
second one 12 min later (time t14). Meanwhile, the other catalysts were exposed to ‘air’ flow. 
Thereby, all measurements were performed on fresh/regenerated catalysts, and problems due 
to activity measurements at different times could be avoided. After all reactors being studied, 
they were heated up under ‘air’ flow to the next temperature (450, 500, 550 and 600 °C). A Ni 
sample and an empty reactor were used as reference catalyst and blank test, respectively. 

III. Conductivity in dilute hydrogen 
The total conductivity under dilute hydrogen of four samples of the La2(Mo2 – yWy)O9 series 
(y = 0, 0.5, 1.0, 1.4) was studied by impedance spectroscopy measurements. The first series of 
measurements was carried out at 608 °C, first in air then in argon and finally in a 10%H2–
90%Ar mixture for 24 h. In air and argon, the resistivity remained stable for all samples, and 
the measured values (R0) were used as reference for further measurements in dilute 
hydrogen. Figure 2 shows the evolution with time of the relative resistivity R/R0 for the four 
samples. The resistivity of the sample with highest W content (y = 1.4) remains practically 
unchanged from Ar to H2:Ar mixture, whereas those of samples with lower W content 
decrease significantly in the first 5 h. After about 10 h, the resistance seems to stabilise, 
suggesting that thermodynamic equilibrium could have been reached. The lower the tungsten 
content is, the lower is the stabilised resistivity, therefore confirming that tungsten acts as a 
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barrier against reduction, as previously evidenced [4]. Current measurements cannot 
differentiate between the ionic and electronic parts of conductivity. However, the thermal 
evolution of total conductivity under dilute hydrogen, recorded while cooling down from 
608°C, can give some hints about it (see Figure 3a). 
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FFiigguurree  22::  TTiimmee  ddeeppeennddeennccee  ooff  LLaa22((MMoo22  ––  yyWWyy))OO99  rreellaattiivvee  rreessiissttiivviittyy  aatt  660088  °°CC  uunnddeerr  ddiilluuttee  hhyyddrrooggeenn..  

Figure 3 shows clearly that the total conductivity and activation energy measured on the 
oxidised phases while heating up in air, and on the reduced phases while cooling down in 
dilute hydrogen, are very different for the lowest W contents, where a huge increase in 
conductivity and a decrease in activation energy are observed. Here again, the lower the W 
content, the more pronounced is the effect (see Figure 3b). These results are in agreement 
with previous ones observed on Y/W doubly substituted LAMOX compounds [3]. Extra 
oxygen vacancies due to partial reduction could explain a slight increase in ionic mobility, but 
cannot justify alone a difference of several orders of magnitude in conductivity at low 
temperature. This, together with the lower activation energy, is more consistent with the 
appearance of electronic conductivity due to the occurrence of mixed valent molybdenum. In 
order to check the sample stability during the previous conductivity study in dilute hydrogen, 
we have performed room temperature X-ray diffraction measurements on the most sensitive 
pellet (La2Mo2O9) before and after the conductivity measurements. Figure 4 shows that the 
LAMOX structure is kept during the thermal treatment at 608 °C under dilute hydrogen, 
attesting that it can withstand partial reduction under these conditions without decomposing. 
However, long-term stability remains to be checked. 

IV. Stability and Catalytic Activity in Propane:air 

IIVV..11..  SSttaabbiilliittyy  

The main purpose of this stability study was to test whether LAMOX compounds of the 
tungsten series La2(Mo2 – yWy)O9 can be stable as electrolytes in a single chamber SOFC 
propane:air atmosphere at working temperature (around 600–700 °C), and whether reduced 
LAMOX compounds without tungsten can be stable as electrodes in the same conditions. The 
conditions for and main results of the study are reported in Table 1. 
The most reducible compound of the tungsten series, y = 0.25, was not reduced in the 
propane:air mixture after 68 h at 700 °C. The powder remained white and the XRD pattern 
showed a cubic LAMOX type structure. Besides, condensation of a clear, water-like liquid was 
observed in the furnace tube and exit bubbler. 
As stated in the Experimental Section, the effect of nitrogen inerting and water vapour (in 
order to mimic a fuel cell water production) was tested. When both elements are present in 
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the gas mixture, their effect on the LAMOX phase stability is significant, specially at 700 °C 
and whatever the W content (y = 0.25 or 1.0); both samples become black and reduced to a 
major W-containing La7Mo7O30 type phase [10] (from XRD). In addition to reduction, side 
effects are observed such as coking (cold parts of furnace wall covered with soot), and 
condensation of a yellow viscous liquid. At 600 °C, the same side effects are observed, but the 
y = 0.25 powder remained white and LAMOX type from XRD. One can wonder whether 
reduction at 700 °C is a direct effect of the gas mixture, or a side effect due to reaction with 
carbon after coking. 
 

 

FFiigguurree  33::  ((aa))  CCoonndduuccttiivviittyy  ccuurrvveess  ooff  LLaa22((MMoo22  ––  yyWWyy))OO99  iinn  aaiirr  ((hheeaattiinngg  uupp,,  cclloossee  ssyymmbboollss))  aanndd  iinn  ddiilluutteedd  hhyyddrrooggeenn  
((ccoooolliinngg  ddoowwnn,,  ooppeenn  ssyymmbboollss))..  ((bb))  TToottaall  ccoonndduuccttiivviittyy  aatt  330000  aanndd  660000  °°CC  iinn  aaiirr  aanndd  iinn  ddiilluutteedd  hhyyddrrooggeenn,,  aass  aa  
ffuunnccttiioonn  ooff  ttuunnggsstteenn  aammoouunntt..  IInn  ffiirrsstt  aapppprrooxxiimmaattiioonn,,  ggrreeyy  aarreeaass  aarree  aassssuummeedd  ttoo  rroouugghhllyy  rreepprreesseenntt  eelleeccttrroonniicc  
ccoonnttrriibbuuttiioonnss..  

In order to check the importance of water in the above effects, a series of tests have been 
made with nitrogen inerting without water vapour (see Table 1). At 600 °C for 3 days, for all 
four sample tested, coking has disappeared. It seems, therefore, due to the presence of water. 
Correlatively, the powders remain LAMOX type, as controlled by XRD. One of the samples 
tested was La7Mo7O30, a partially reduced form of La2Mo2O9 with different structure [10], 
which appears to re-oxidise to La2Mo2O9 in the dry inerted propane: air gas mixture. 
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FFiigguurree  44::  RRoooomm  tteemmppeerraattuurree  XX--rraayy  ddiiffffrraaccttiioonn  ppaatttteerrnnss  ooff  tthhee  LLaa22MMoo22OO99  ppeelllleett  bbeeffoorree  aanndd  aafftteerr  tthhee  ccoonndduuccttiivviittyy  
mmeeaassuurreemmeennttss  uunnddeerr  ddiilluuttee  hhyyddrrooggeenn  ((aafftteerr  ppoolliisshhiinngg  tthhee  PPtt  eelleeccttrrooddee  llaayyeerr))..  

TTaabbllee  11::  CCoonnddiittiioonnss  ffoorr  tthhee  ssttaabbiilliittyy  mmeeaassuurreemmeennttss  ooff  LLAAMMOOXX  ppoowwddeerrss  iinn  pprrooppaannee::aaiirr  mmiixxttuurreess  aanndd  ffiinnaall  
pprroodduuccttss..  

IInniittiiaall  CCoommppoouunnddss  GGaass  mmiixxttuurree  FFllooww  ((LL//hh))  TT((°°CC))  TT((hh))  PPrroodduuccttss  

La2(Mo1.75W0.25)O9 O9 C3H8:air 0.8:4.2 700 24 White LAMOX 
La2(Mo1.75W0.25)O9 O9 C3H8:air 0.8:4.2 700 68 White LAMOX 

La2(Mo1.75W0.25)O9
C3H8:air:N2 + 
H2O 

0.8:4.2:5 
+ bubbles 

700 42 
Black La7Mo7O30 type 

La2(MoW)O9 C3H8:air:N2 + 
H2O 

0.8:4.2:5 
+ bubbles 

700 72 
Black La7Mo7O30 type 

La2(Mo1.75W0.25)O9
C3H8:air:N2 + 
H2O 

0.8:4.2:5 
+ bubbles 

600 42 
White LAMOX 

La2(MoW)O9 C3H8:air:N2  0.8:4.2:5 600 72 White La2Mo2O9 
La7Mo7O30 C3H8:air:N2  0.8:4.2:5 600 72 White La2Mo2O9 
La2(Mo1.9V0.1)O8.95 C3H8:air:N2  0.8:4.2:5 600 72 Grey LAMOX 
La2(Mo1.75W0.25)O9 C3H8:air:N2  0.8:4.2:5 600 72 Grey LAMOX 

 

IIVV..22..  CCaattaallyyttiicc  AAccttiivviittyy  
As a preliminary remark, a few LAMOX compounds showed an initial peak of catalytic activity 
at time t2 (2 min after start), followed by a decrease at time t14 (14 min after start). Such a 
transient phenomenon will be discussed below. 
The catalytic activity for propane oxidation of the Ni and LAMOX compounds were recorded 
at different temperatures in stationary conditions at time t14. The results are reported in 
Figure 5. The blank test (with no sample) showed that no reaction takes place in the gas phase 
even at high temperature, thus discarding gas phase contribution. Not surprisingly, the Ni 
sample showed the highest catalytic activity at each temperature, with 98% of propane 
conversion at 600 °C. La2Mo2O9, both in its monoclinic (T<580 °C) and in its cubic (T>580°C) 
crystalline forms [18], appears to be by far the most active of all LAMOX compounds at each 
temperature, with 79% of propane conversion at 600 °C. All othertested substituted LAMOX 
compounds show a much lower activity (less than 15% at any temperature). In all cases, the 
almost exclusive formation of CO2 and the presence of water traces not totally condensed in 
the Peltier cooler are characteristic of a full oxidation. When notlacking, only minimal traces 
of CO, C3H6 or derivatives could be identified (see Table 2) 
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FFiigguurree  55::  CCoonnvveerrssiioonn  rraatteess  ooff  pprrooppaannee  ((ffuullll  ooxxiiddaattiioonn))  aatt  ddiiffffeerreenntt  tteemmppeerraattuurreess  oonn  aa  sseerriieess  ooff  LLAAMMOOXX  ooxxiiddee--iioonn  
ccoonndduuccttoorrss,,  ccoommppaarreedd  ttoo  tthhaatt  ooff  nniicckkeell  ((mmeeaassuurreemmeennttss  ppeerrffoorrmmeedd  iinn  ssttaattiioonnaarryy  ccoonnddiittiioonnss  aafftteerr  1144  mmiinn  ooff  
pprrooppaannee::‘‘aaiirr’’  eexxppoossuurree))..  CCooddeess  ffoorr  ccoommppoossiittiioonn  ::  AAxx--LLMM  ==  LLaa22  ––  xxAAxxMMoo22OO99  ––  dd,,  LLMM--BByy  ==  LLaa22MMoo22  ––  yyBByyOO99  ––  dd..  

To illustrate the transient phenomenon mentioned above, the conversion rate of propane on 
(La1.9Y0.1)Mo2O9 is shown in Figure 6a. It is systematically higher than or equal to 20% at the 
initial measurement time t2, but drops dramatically at time t14. Besides, the propane 
conversion rate at time t2 is characterised by a carbon balance lower than 100%, which 
accounts for a carbon formation in the reactor (Figure 6b and Table 2). At time t14, the carbon 
balance catches up with 100%, but in this case the carbon retention effect is probably hidden 
by the low conversion rate of propane, as can be seen in Table 2. Note that, however, due to 
this low conversion rate of propane, the accuracy of selectivity measurements is probably 
rather lower here. After heating under ‘air’ flow, the sample activity is recovered. La2Mo2O9 is 
also subject to deactivation at low temperature (Figure 6a), whereas it maintains its activity at 
higher temperature. 
Other compounds such as Pr2Mo2O9 or La2(Mo1.9V0.1)O8.95 exhibit a higher activity at time t2 

than at time t14, which is accompanied with a carbon formation (data not shown). But in their 
cases, this phenomenon is observed at one temperature only, which could suggest that their 
deactivation is irreversible. It is however difficult to draw firm conclusions from data that 
could correspond to measurement artefacts. 
All LAMOX compounds tested in methane:‘air’ atmosphere showed much lower activity than 
in propane:‘air’ at the same temperatures. La2Mo2O9 was still the most active catalyst, but with 
only 8% conversion rate of methane at 600 °C. 
This result is in agreement with the usual observation that ‘methane is the most difficult 
hydrocarbon to oxidise, because CH4 contains the strongest C–H bond of all alkanes’ (see Ref. 
[19] and references therein) 

V. Discussion and Conclusion 

The above study shows that LAMOX compounds, as a function of their composition, could be 
used as various components in a SOFC core depending on the cell configuration and operating 
temperature (see Table 3). 
For dual-chamber configuration, conductivity measurements under dilute hydrogen on the 
La2(Mo2 – yWy)O9 series suggest that the composition with highest tungsten content (y = 1.4), 
provided that its electronic transport number is low enough (to be checked), could be used as 
electrolyte at intermediate temperature (below 600 °C). It would necessitate a relatively thin 
electrolytic membrane (micro-SOFC geometry) in order to lower the ohmic losses. On the 
contrary, those LAMOX compounds with low tungsten content seem more suited as anode 
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materials when H2 is used as fuel, since their partial reduction make them mixed ionic–
electronic conductors. 

 

FFiigguurree  66::  PPrrooppaannee  ccoonnvveerrssiioonn  rraattee  ((aa))  aanndd  ccaarrbboonn  bbaallaannccee  ((bb))  dduurriinngg  tthhee  ccaattaallyyttiicc  aaccttiivviittyy  mmeeaassuurreemmeennttss  ooff  
LLaa22MMoo22OO99  aanndd  ((LLaa11..99YY00..11))MMoo22OO99..  CCaarrbboonn  bbaallaannccee  ccoorrrreessppoonnddss  ttoo  tthhee  rraattiioo  bbeettwweeeenn  ccaarrbboonn  aammoouunntt  ddeetteecctteedd  iinn  tthhee  
oouuttffllooww  ggaass  mmiixxttuurree  aanndd  ccaarrbboonn  aammoouunntt  iinn  tthhee  ffeeeeddiinngg  ggaass  mmiixxttuurree..  GGrreeyy  aarreeaass  rreepprreesseenntt  ‘‘aaiirr’’  ffeeeeddiinngg  ppeerriiooddss,,  
mmeeaassuurreemmeennttss  bbeeiinngg  mmaaddee  iinn  pprrooppaannee::‘‘aaiirr’’  mmiixxttuurree  aatt  ttiimmee  tt22  aanndd  tt1144..  

More work is however needed to improve their electronic conductivity by finding the most 
appropriate compositions and reduction temperatures. In any case, the grain size and sample 
shaping are likely to affect the materials properties and thermal stability [20]. 
In single-chamber configuration, the tested LAMOX compounds appear to be stable as 
electrolyte (oxidised compounds) at 600–700 °C in a characteristic dry propane:air mixture, 
inerted or without nitrogen. It would preclude the use of reduced LAMOX compounds as 
anode materials in such environments, but we noticed that the presence of water in the gas 
mixture tends to favour LAMOX reduction. Since water vapour is not specially a reducing gas, 
a steam reforming (with gas shift) reaction probably takes place with propane and forms H2, 
which is a reducing agent. Since, in a SOFC device, water production is localised at the anodic 
side, further tests are needed in cell-type configuration in order to determine whether the 
water production in the cell is able to stabilise or not a reduced LAMOX phase at the anode. 
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TTaabbllee  22::  CCaattaallyyttiicc  ppeerrffoorrmmaanncceess  ooff  NNii,,  LLaa22MMoo22OO99  aanndd  LLaa11..99YY00..11MMoo22OO99  iinn  11..88::9988..22  vvooll..%%  pprrooppaannee::‘‘aaiirr’’  mmiixxttuurree  aatt  
ddiiffffeerreenntt  tteemmppeerraattuurreess  aanndd  rreeaaccttiioonn  aaddvvaanncceemmeenntt  ((sseelleeccttiivviittyy  ooff  ggaass  pprroodduuccttss  aass  mmeeaassuurreedd  bbyy  ggaass  
cchhrroommaattooggrraapphhyy,,  aanndd  uunnddeetteecctteedd  CC  aass  ddeedduucceedd  ffrroomm  ccaarrbboonn  bbaallaannccee  iinn  tthhee  ggaass  pphhaassee))..a)a)

CCoonnvveerrssiioonn    CCoonnvveerrssiioonn    CC  sseelleeccttiivviittyy  ((%%))b)b)

OO2  2 ((%%))  CC33HH88  ((%%))  CCOO22 CCOO  CC33HH66 UUnnddeetteecctteedd  CC  CCoommppoouunndd  TT((°°CC))  

22’’  1144’’  22  1144’’  22  1144’’  22  1144’’  22  1144’’  22  1144’’  

400 19 20 18 19 71 73 0 0 4 4 25 23 
450 28 29 43 46 88 88 0 0 4 3 8 9 
500 38 38 73 75 95 94 0 0 2 2 3 4 
550 45 44 92 93 98 96 0 0 1 1 1 3 

Ni 

600 45 46 99 98 87 98 0 0 0 0 13 2 
400 15 14 19 12 54 95 0 0 0 1 46 4 
450 21 21 30 26 86 99 0 0 1 1 13 0 
500 27 27 49 47 93 99 0 0 1 1 6 0 
550 32 32 64 62 95 99 0 0 1 1 4 0 

La2Mo2O9 

600 37 37 80 78 96 99 0 0 1 1 3 0 
400 13 13 18 3 6 38 0 0 0 0 94 62 
450 14 14 19 4 11 61 0 0 0 0 89 39 
500 15 15 21 7 19 77 0 0 0 1 81 22 
550 16 16 25 9 24 82 0 0 1 4 75 14 

La1.9Y0.1

Mo2O9

600 16 15 28 11 24 57 0 1 3 11 73 31 

a)  a) OOtthheerr  ggaass  tteesstteedd,,  eeiitthheerr  mmeeaassuurreedd  aass  ttrraacceess  oorr  nnoott  ddeetteecctteedd::  CCHH44,,  ii--CC44HH1010,,  ii--CC44HH88,,  CC22HH44OO  ((aacceettaallddeehhyyddee)),,  CC33HH44OO  
((aaccrroolleeiinn)),,  CC33HH66OO  ((aacceettoonnee  aanndd  pprrooppiioonnaallddeehhyyddee  aanndd  aallllyyll  aallccoohhooll)),,  CC22HH44OO22  ((aacceettiicc  aacciidd)),,  CC33HH66OO22  ((pprrooppiioonniicc  
aacciidd)),,  CC33HH44OO22  ((aaccrryylliicc  aacciidd))..  

b)b)  CC  sseelleeccttiivviittyy  wwaass  ccaallccuullaatteedd  aass  tthhee  nnuummbbeerr  ooff  ccaarrbboonn  aattoomm  mmoolleess  iinn  tthhee  ggiivveenn  pprroodduucctt  ddiivviiddeedd  bbyy  33  ttiimmeess  tthhee  
nnuummbbeerr  ooff  mmoolleess  ooff  pprrooppaannee  rreeaacctteedd..  

The exalted catalytic activity of La2Mo2O9 for propane oxidation is clearly evidenced by this 
study. La2Mo2O9 is the most active of tested LAMOX compounds, with a conversion rate 
almost equal to that of nickel. Additional experiments in a less oxidising propane:air mixture, 
or better in a direct propane SOFC, should be undertaken to characterise the selectivity of 
La2Mo2O9 in order to evaluate the materials as anode in such devices. An alternative would be 
to design Ni-La2Mo2O9 cermet since La2Mo2O9 is unreactive with nickel [21]. 

TTaabbllee  33::  OOvveerrvviieeww  ooff  ppoossssiibbllee  uussee  ooff  LLAAMMOOXX  ccoommppoouunnddss  iinn  SSOOFFCC  ddeevviicceess,,  aass  ddeedduucceedd  ffrroomm  tthhee  ccuurrrreenntt  ssttuuddyy  

SSOOFFCC  DDuuaall  cchhaammbbeerr  SSiinnggllee  cchhaammbbeerr  

Electrolyte 
Micro-SOFC: high W content, low T 
(500 °C) Macro-SOFC: protective layer 
necessary 

Electrolyte stable in dry 
propane:air atmosphere 

Anode 
Low W content (composition to be 
optimised as a function of operating 
temperature) 

Reduction favoured by water 
produced at anode 

Anode catalyst La2Mo2O9 good oxidation catalyst of 
propane (to be tested in direct 
hydrocarbon SOFC) 

La2Mo2O9 good oxidation 
catalyst of propane (to be 
tested in SCFC) 

 

The impact of substitution on the LAMOX catalytic activities is still unclear and should be 
subject to further investigations. However, we can give some assumptions. Like VI-B 
transition metal, Mo oxides and mixed oxides are well known for their capacities for 
hydrocarbon activation [22]. Thus, we can anticipate that chemical substitutions could lead, 
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depending on their nature, to more or less surface depreciation of Mo content, thus reducing 
or even preventing the catalytic activity. However, a strong interaction with some substituting 
elements, which may reduce the acid feature of Mo oxides, cannot be ruled out. Whatever its 
form, the carbon formation observed in LAMOX compounds such as (La1.9Y0.1)Mo2O9, 
concomitantly with their deactivation, is also likely to block the access to active sites. 
Complementary studies are necessary to elucidate these phenomena. 
Finally, the results presented in this paper suggest that LAMOX materials, due to their 
versatility (see Table 3), might be suited to specific SOFC designs with composition gradients, 
which would minimise reactivity between the cell components and therefore ageing problems. 
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