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Abstract 
This paper mainly studies the properties of two anode materials 
La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 and 3wt% Ni-La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 for SOFC. We 
synthesized these two materials by sol-gel method and characterized their structures 
and properties by XRD. After reduction by H2 at 850℃, the two materials undergo phase 
transformation from the original perovskite crystal form, and then Co-Fe and Ni-Fe 
alloys are precipitated. The electrochemical performance of these two materials and 
LSGM electrolyte were measured. It was found that at 800℃ and 850℃,the symmetrical 
battery composed of La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 showed a small polarization 
resistance in CH4 and 5%H2+3%H2O atmosphere, while the battery composed of 3wt% 
Ni-La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 material. At 850℃ ,both symmetrical batteries show the 
lowest polarization resistance. 
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1. Introduction 

The problem of energy shortage in the world is becoming more and more serious [1], and it is 
urgent to develop new clean energy. SOFC, which can convert chemical energy in fuel gas into 
electric energy, is considered as a new electrochemical energy conversion technology [2,3], and 
has the advantages of safety, environmental protection, cleanness, high efficiency, no noise and 
high utilization rate of waste heat [4,5]. SOFC is mainly composed of anode and cathode and 
electrolyte. At present, the problem of carbon deposition in batteries is serious [6]. To realize 
the direct utilization of hydrocarbon fuel in SOFC, it is the only way to optimize and develop 
new anode materials, improve the stability of battery operation and enhance the carbon 
deposition resistance of anode materials. The perovskite crystal material we selected has 
stronger carbon deposition resistance and sulfur resistance, wider range of components and 
more freedom of doping elements. Based on the above advantages of perovskite materials, this 
project plans to prepare perovskite anode materials with stable structure under reduction 
conditions. According to the literature review, it is found that perovskite anode material 
La0.9Ca0.1Fe0.9Nb0.1O3 shows good stability [7]. It is doped with Nb because the ion radii of Nb 
and Fe are similar, so we can consider other elements similar to Nb for doping modification. 

2. Experimental Part 

2.1. Synthesis of Materials 
Two anode materials La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 and 3wt% Ni-La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 
were synthesized by sol-gel method. Firstly, the nitrates of La, Ca, Co and Fe are dissolved in 
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water, stirred at room temperature for 30 minutes, then citric acid and ethylene glycol are 
added, and then ammonia water solution is added to control the PH to about 8. Finally, the 
temperature is raised to 850℃, and after it is gelled, it is burned in a heating jacket at 350℃ to 
obtain the black powder electrode material. 

2.2. Preparation and Assembly of Electrolyte Sheet 
Take an appropriate amount of LSGM powder and add 1% PVB adhesive, grind it in a mortar 
for 30 minutes, pour it into a test sieve after grinding, and finally put the powder into a bag for 
later use. Weigh about 0.6g of the sample on the electronic scale, pour it into the tablet pressing 
device, and press out the electrolyte sheet by the tablet pressing machine according to the steps. 
Finally, put the pressed electrolyte sheet into an oven and burn it for 20 hours. Grind the burnt 
electrolyte sheet to a thickness of 0.3mm with abrasive paper. When preparing symmetrical 
batteries, brush the same anode materials on both sides of the ground electrolyte sheet with a 
brush instrument, and mark them as #1 and #2, respectively. When preparing single batteries, 
brush the anode materials on one side of the electrolyte sheet and the cathode materials on the 
other side and mark them. After brushing, put them in an oven to dry, and then brush the silver 
paste. 
When assembling, first use sandpaper to polish the two sides of the test fixture that contact the 
battery piece, then use ear washing ball to blow off the dust inside the tube, use a small clip to 
fix two pads so that they don't fall off, then put graphite ring-battery piece-graphite ring 
respectively, remove the clip, put down the upper device and tighten the screws, and finally 
apply sealant around the battery piece. 

2.3. Electrochemical Test 
Electrochemical workstation (CHI660E) was used to test the performance of symmetrical 
battery. Before the test, pure hydrogen with a flow rate of 40 was introduced into one side of 
the electrode, and the temperature was raised from 700℃ to 850℃ for two hours, then the 
flow rate was adjusted to 60, and after reduction for one hour, EIS diagrams were tested at 
700°C, 750°C, 800°C, 850°C, 850°C under various hydrogen partial pressures (PH2=100%, 80%, 
60%, 40%), 100%+3%H2O and 100%CH4 atmospheres.    

3. Results and Conclusions 

3.1. Material Characteristics 

 
(a)                                                                                 (b) 

Figure 1. XRD pattern (a) before H2 reduction, (b) after H2 reduction 
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The XRD patterns of 1# and 2# materials are shown in fig. 1(a). It is found that sample No.1 and 
sample No.2 are typical perovskite structures before hydrogen reduction, and after hydrogen 
reduction, the perovskite structure undergoes phase transformation and Co-Fe and Ni-Fe alloys 
are precipitated. The precipitation of the alloy can improve the electronic conductivity of 
perovskite materials, improve the transport of oxygen ions and increase the reaction interface, 
thus improving the catalytic activity of the materials and eliminating some carbon deposits. 

3.2. Electrochemical Performance 
In the symmetrical battery mode, it can be seen from Figures 2(a) and 2(b) that at the same 
temperature and different atmospheres, at 800℃ and 850℃, the polarization resistance of No.1 
battery is low in CH4 and H2+3%H2O atmosphere, while that of No.2 battery is low in 5%H2 
atmosphere. 
 

 
(a)                                                            (b) 

Figure 2. EIS diagram: (a) at 800℃, 1 # and 2 # are in CH4, 5%H2 and 3%H2O+H2 atmosphere 
respectively; (b) at 850℃, 1 # and 2 # are in CH4, 5%H2 and 3%H2O+H2 atmosphere 

respectively. 
 
It can be seen from figure 3(a) and figure 3(b) that the polarization resistance of No.1 battery 
in CH4 atmosphere and H2+3%H2O atmosphere decreased with the temperature rising from 
700℃ to 850℃, and the polarization resistance was the lowest at 850℃, that is, the catalytic 
activity was the highest at 850℃. 
It can be seen from figure 3(a) and figure 3(b) that the polarization resistance of No.2 battery 
in CH4 atmosphere and H2+3%H2O atmosphere decreased with the temperature rising from 
700℃ to 850℃, and the polarization resistance was the lowest at 850℃, that is, the catalytic 
activity was the highest at 850℃. 
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(a)                                                                           (b) 

 
(c)                                                                             (d) 

Figure 3. EIS diagram (a)1# battery at different temperatures in CH4, (b) 1# battery at 
different temperatures in 3%H2O+H2, (c) 2# battery at different temperatures in CH4, and (d) 

2# battery at different temperatures in 3%H2O+H2. 

4. Conclusion 

La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 and 3wt% Ni-La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 anode materials for 
SOFC were synthesized by sol-gel method. Before hydrogen reduction, both samples have good 
perovskite crystal form. After hydrogen reduction, the perovskite crystal form undergoes phase 
transformation and Co-Fe and Ni-Fe alloys are precipitated. The symmetrical battery 
performance test shows that the polarization resistance of the battery with 
La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 as anode material is low at 800℃  and 850℃  in CH4 and 
H2+3%H2O atmosphere. In 5%H2 atmosphere, the polarization resistance of 3wt% Ni- 
La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 anode material is low. At 700℃ , 750℃ , 800℃  and 850℃ , the 
polarization resistance of the batteries with La0.5Ca0.5Co0.1Fe0.1Ni0.1Mn0.7O3 and 3wt% Ni- 
La0.5Ca0.5Co0.1Fe0.1Mn0.8O3 as anode materials is the lowest at 850℃ in CH4 and H2+3%H2O 
atmosphere. 
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