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1. Introduction
Solid Oxide Fuel Cells (SOFCs) convert the chemical en-

ergy of a fuel into electricity via electrochemical reactions. 
Intermediate-temperature SOFCs (IT-SOFCs) operating be-
tween 500 oC and 800 oC, are widely studied in order to im-
prove SOFCs performance. In this regard, mixed ionic-elec-
tronic conductors (MIEC) exhibit the highest electrical con-
ductivity and oxygen permeability values to be implemented 
as materials for IT-SOFCs. Additionally, symmetrical SOFCs 
(SSOFCs) that use the same material as both cathode and 
anode, could solve pollution problems, since they can re-
move sulfur and carbon deposition on the anode side by re-
versing the gas flow and simplify manufacturing processes 
of SOFCs. 

Several MIEC materials have been studied as possible 
SSOFCs electrodes working at intermediate temperature (IT-
SSOFCs), principally perovskite and double perovskite-type 
oxides. Particular crystal structures of SrCo1-xMxO3-𝛿 (M = Sb, 
Mo, Nb, Ti, V) [1] and SrMo1-xMxO3-𝛿 (M = Fe, Cr, Co) [2] ox-
ides have been reported as high-performance cathode and 
anode for SOFCs respectively. In this regard, SrCo1-xMoxO3-δ 
(0 ≤ X ≤ 1) may be a good option for electrode materials of 
IT-SSOFCs. Thus, it is interesting to study their structural fea-
tures, strongly related with electrochemical response. 

 In the present work, SrCo1-xMoxO3-δ (0 ≤ X ≤ 1) perov-
skites were synthesized by gel-combustion method with a 
non-stoichiometric route. Crystal structure and reducibility 
of the samples are correlated with their composition on B 
site of perovskite to identify those samples that exhibit 
phase stability at room temperature in both air and reducing 
atmosphere, which could become potential electrode mate-
rials for IT-SSOFCs. Furthermore, electrolyte densification is 
studied as a function of the pressure and heat treatments 
during pellet fabrication, as well as possible electrode-elec-
trolyte reactivity.  

2. Experimental
2.1 Electrode synthesis

Non-stoichiometric synthesis of SrCo1-xMoxO3-δ (0 ≤ X ≤ 
1) perovskites was performed by gel-combustion method
with glycine as fuel. Appropriate amounts of Sr(NO3)2 (≥99%,
Sigma Aldrich), Co(NO3)2·6H2O (≥98%, Sigma Aldrich),
(NH4)6Mo7O24·4H2O (Sigma Aldrich) and glycine (C2H5NO2)

(merck) were dissolved in distilled water. This solution was 
concentrated on a hot plate at 90 oC for 2 h until the water 
was completely evaporated. Temperature was increased up 
to 270 oC until self-combustion. Ashes were calcined at 600 
oC for 10 h in air and then selected samples were character-
ized by temperature-programmed reduction (H2-TPR) ex-
periments. Other set of samples were calcined at 1100 oC for 
12 h in air for further characterization. 

2.2 X-ray diffraction (XRD) 
Crystallographic characterization was carried out by X-

ray diffraction at room-temperature (RT) in an Empyrean 
diffractometer with Cu Kα radiation (λ=1.5406Å) operating 
at 45 kV and 40 mA, using a Bragg-Brentano configuration. 
XRD patterns were scanned in the 2θ range from 20o to 100o, 
with a 0.02o step.  

2.3  Temperature-Programmed Reduction (H2-TPR) 
H2-TPR was performed with a Micromeritics Chemisorb 

2720 equipment. The powders were heated from RT to 900 
oC in 5 mol % H2/Ar atmosphere with a 10 oC.min-1 heating 
ramp. H2 consumption was detected by the equipment using 
a Thermal Conductivity Detector (TCD). 

2.4 Electrolyte densification and electrode – electrolyte re-
activity test 

La0.80Sr0.20Ga0.80Mg0.20O3-X (LGSM) ceramic electrolyte 
material was pressed as a pellet and was heat-treated. Pres-
sure (20 Kg/cm2 – 100 Kg/cm2) and temperature (1000 oC – 
1350 oC) were modified in order to improve the pellet den-
sification. Additionally, electrode – electrolyte reactivity 
tests were performed to assess the stability of these com-
pounds when mixed at different temperatures (600 oC – 
1100 oC during 10 h) in air. 

3. Results
3.1 Crystallographic characterization
Fig. 1 shows XRD patterns of SrCo1-xMoxO3-δ (0 ≤ X ≤ 1) pow-
ders at RT. Samples present different crystal structures with 
varying B-site composition.  

The following sample compositions were prepared: 
SrCo1-xMoxO3-δ powders (0 ≤ X ≤ 1), SC: X=0, SCM5: X=0.05, 
SCM10: X=0.1 … SCM95: X=0.95 and SM: X=1. 
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Fig. 1. XRD patterns for SrCo1-xMoxO3-δ powders. 

 
The SC sample has Sr6Co5O15 and Co3O4 compounds 

stable at RT with hexagonal (R32) and cubic (Fd-3m) phases 
respectively [3]. SCM5 has a single phase crystalline struc-
ture with P4/mmm space group. SCM10 keeps the same 
structure of SCM5 (P4/mmm) with a minimum secondary 
segregated phase of Sr2CoMoO6 double perovskite, which 
also has a tetragonal structure although with a different 
space group (I4/m) [4]. SCM20, SCM30 and SCM40 samples 
show that double perovskite with tetragonal phase in-
creases with the increase of Mo content. Subsequently, 
SCM50 sample also has mainly the I/4m space group with 
some traces of an additional phase called scheelite, that cor-
responds to SrMoO4 material and it has I41/a space group. 
Scheelite phase also increases into the system with the in-
crease of Mo content. Thus, SCM60 has both tetragonal 
phases, I4/m and I41/a in approximately 77% and 23% rate 
respectively. Therefore, the increase of I41/a continues in 
the following samples (SCM70 to SCM95), until reaching a 
completely scheelite single-phase for SM powder. Fig. 2 
shows Rietveld refinement for SCM5, SCM50, and SCM95-R 
(reduced) samples with chi square refinement factors of c2 
= 12.8, 8.3 and 5.7 respectively.  

3.2 Temperature-Programmed Reduction 
Fig. 3 shows H2-TPR profiles for SC, SCM5, SCM50, SCM95 
and SM samples. First peak (200 oC - 310 oC) is ascribed to 
Co3+/Co2+ reduction, while the second one (310 oC- 500 oC) 
is attributed Co2+/Co0 reduction [5-7]. Finally, the feature at 
820 oC is ascribed to SrCO3 transformation into different 
compounds that involves C4+ reduction [7]. SCM5 and 
SCM50 powders exhibit another reduction peak at 670 oC 
and 720 oC respectively, which is related to Mo6+ into Mo4+ 

reduction. This can be supported by comparison with SM 
and SCM95 reduction profiles where Mo reduction is ob-
served at high temperatures. H2 total consumption of SC, 
SCM5, SCM50, SCM95 and SM is 7.90mmol/g, 6.86mmol/g, 
4.01mmol/g, 4.54mmol/g and 3.06mmol/g respectively. It 
can be observed that the hydrogen consumption decreases 
with the increase of Mo content. 

 
Fig. 2. Rietveld Refinement from XRD data for SCM5, SCM50 and 
SCM95-R (reduced in 5 mol % H2/Ar atmosphere) samples at RT. 
 
 

 
 
Fig. 3. H2-TPR profiles of SC, SCM5, SCM50, SCM95 and SM sam-
ples. 
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3.3 Electrolyte densification and reactivity tests 
First results indicate that it is possible to fabricate LGSM 

pellets with a relative density of 95% respect to the theoret-
ical density, by uniaxially pressing the powder at 70 kg/cm2 
followed by a thermal treatment at 1350 oC in air. Fig. 4 
shows the electrode-electrolyte reactivity test, where elec-
trolyte phase intensity increases with increasing tempera-
ture up to 800 oC due to crystallite growth. After that, the 
powders react at 1000 oC and 1100 oC in air. 

 

 
Fig. 4. XRD patterns for electrode (SCM5)-electrolyte (LSGM) mixed 
and thermal treated at different temperatures in air.  

4. Discussion 
P4/mmm single-phase of SCM5 has been previously re-

ported as a possible cathode for IT-SOFC, because of its 
higher conductivity and lower polarization resistance values 
at low and intermediate temperatures compared to some 
conventional cathodes [1]. Additionally, the cubic phase 
(Pm-3m) observed in SCM95-R sample has been considered 
benefitial for IT-SOFC anodes [2].  This is due to the fact that 
oxygen content slightly decreases when heating the sample 
in vacuum, generating the wanted oxygen vacancies. This 
temperature dependence with the concentration of oxygen 
vacancies has been related to the reduction process of 
mixed valence Mo5+-Mo4+ to Mo4+ upon heating and is con-
sidered to promote the O2- mobility in he lattice. The overall 
decrease in hydrogen consumption is related with several 
reducible cations for SC, SCM5, SCM50 samples in contrast 
to the single reduction process observed for SCM95 and SM, 
that allowed to stabilize the wanted perovskite structures at 
RT, mentioned above (SCM95-R). Electrode-electrolyte re-
activity is detected between 800oC and 1000 oC. In that 
sense, this range of temperature will be important to de-
velop the cell fabrication, that allows an optimum adhesion 
of the electrodes to the electrolyte surface.  

5. Conclusions 
SrCo1-xMoxO3-δ (0 ≤ X ≤ 1) materials were studied as pos-

sible electrodes for IT-SSOFCs. A thorough optimization of 
the synthesis process allowed to obtain the crystal structure 

phases of SCM5 (P4/mmm) and SCM95-R (Pm-3m), that are 
reported to present the highest conductivity among the dif-
ferent SCM phases to be used as cathode and anode respec-
tively for IT-SOFCs. In that sense, SCM50 sample stands as a 
promising alternative for IT-SSOFC electrode material. 
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