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Abstract: Based on ab inito method, the binding energies of SrBO; perovskite type electrode materials in solid oxide
fuel cell in which B site chosen from 3™ to 6" periods elements were calculated. Effect of elements used in B site on
the formation of cubic or hexagonal crystal structure was discussed. Structure stability diagram that contained three
phases (unstable, cubic stable and hexagonal stable phases) was achieved. The distribution rule of composition points
in this diagram was confirmed by inducing radius and valence data of cations at B site as validation data. Besides,
there being plenty of experimental materials data in literature was introduced to this structure stability diagram, ac-
cording to their compositions and lever rule. Distribution area of the obtained data was analysed and the results locate
quite concentrated, indicating that the optimized area is centered by along the Mo-Fe-Co line. Within this area, our
calculations find that formation energy and migration energy of oxygen vacancy as well as the band gap of the materi-
als are suitable to be used as electrode materials in solid oxide fuel cell. The optimization area in SrBO; structure sta-
bility diagram can provide meaningful guidance for material selection.
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Fig. 1 Diagram for the binary oxides reaction to form cubic
or hexagonal perovskites

All of models calculated in this work has been showed above, includ-
ing SrO, each binary oxide of B site elements, cubic perovskites, and
hexagonal perovskites
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Fig. 2 Structure stability tendency diagram

The color in the main graph that changed from red to blue represents

that ion radius changed from large to small; the color in the inserted

graph that changed from red to blue represents that ion valance states

changed from high to low
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Fig. 3 Relationship between stability and experience data

1: SrTiggNbp2Oss; 2: SrMogoesNig0Os.s; 3: SrMogoFe 055 4:
SrMog.9Crg.103.5; 5: StM09.9C00.103.5; 6: SrFeg.75Zr02503.5; 7: SrFeqss
Mo503.5; 8: StFeogTag203.5; 9: StFeq oW, 10s.5; 10: SrFegoAly 105 11:
SrFeO,5.5; 12: SrFegoSco 1035 13: SrFeq,Cuo30s.5 14: SrCog-Feq,
Nbo105.5 15: Sr9Cep1C009Nbp 1055 16: SrCopgsNbgsOs.5; Color
distribution for the amount of compositions reported in references
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Tablel Compositionsof SrBO; perovskite and their related performance data

Cell Conductivity Power density
Composition Cathode/ Electrolyte/ Anode Supporting (S-cm")/ (mW-cm’z)
Anode (Cathode) 5 .
Part Temperature('C) /Temperature(‘C)
SrCog 7Feq ,Nbg ;05421 Cathode SDC*/NiO-SDC  Electrolyte 304/350 630/800
SrCoy.7Feq2Nbg 10552 Cathode SDC/NiO-SDC Anode 1587/600
SrC04.55¢0 20357 Cathode SDC/NiO-SDC Anode 902/600
SrCoy.oNby 105524 Cathode LSGM*/NiO-SDC  Electrolyte 462.7/300 678/800
SrCoy.oNby 10552 Cathode LSGM/NiO-SDC  Electrolyte 50/850 600/850
SrCoy.05Ti 05035 Cathode LSGM/SMF* Electrolyte 398/350 824/850
SrCo0.97V0.0303.4"% Cathode LSGM/SMF Electrolyte 8/850 550/850
SrC04.95SN) 5035 Cathode SDC/NiO-SDC Anode 545/550 847/700
SrCog sFeq,Tag 105427 Cathode LSGM/NiO-SDC  Electrolyte 249.4/350 652.9/800
S1C04.95Sb0 05035 Cathode LSGM/SMM* Electrolyte 50074008 618/8501")
SrCoy.9Tap 055" Cathode - 471/325
SrFeq 05 Tig 050355 Cathode LSGM/NiO-SDC  Electrolyte 72/650 605/800
StFeq 75Crp 250555 Symmetry Electrode 22/600
SrFe, ,Cug ;0554 Cathode 54/800
SrFeq oNbg ;05,1 Cathode SDC/NiO-SDC  Electrolyte 104.4/450 407/800
SrFeq 75210 25034 Symmetry Electrode LSGM Electrolyte 11.2/650 425/800
SrFeq 7sM0g 25015 Symmetry Electrode LSGM Electrolyte 23.8/650MM 970/8001
SrMog oFeq 1054 Anode LSGM/SCF* Electrolyte 305/50 874/850
SrMog.9Cog 105 414" Anode LSGM/SCF Electrolyte 386/50 793/850
SrMog oCry 1055 Anode LSGM/SCF Electrolyte 365/50 755/850
SrTip sNbg,05.51*" Anode LSGM/LSCF* Electrolyte 794/850
SrFeq ¢Tag 054" Cathode 25.9/700
SrFeg oWy 055" Anode 60.4/700

*SDC for CegSmg20,.5; LSGM for La;SrGa;.yMgyOs.5; SMF for StMogsFeo,03.5; SMM for Sr;MgMoOg; SCF for SrCogsFe,03.5; LSCF for

Lag 6S19.4C00.2Fe0503.5
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Fig. 4 Oxygen vacancy forming and ion migrating energy
changing tendency based on structure stability
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