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ɺʚʝʜʝʥʠʝ 

ʇʝʨʦʚʩʢʠʪʳ ï ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩʦʩʪʘʚʘ ɸɺʆ3 ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʤʥʦʛʠʝ ʛʦʜʳ ʠʟ-ʟʘ ʩʚʦʠʭ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [1]. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ [2], ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ [3], 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ [4], ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ [5], ʩʫʧʝʨʠʦʥʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ [1] ʠ ʪ.ʜ. ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʬʦʪʦʵʣʝʤʝʥʪʘʭ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ [6-7], 

ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ [8], ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ ʠ ʪ.ʜ.  

ʂʠʩʣʦʨʦʜ-ʜʝʬʠʮʠʪʥʳʝ ʧʝʨʦʚʩʢʠʪʳ ɸɺʆ3-ŭ ʩ ɺ ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(B=Mn, Fe, Co, Ni, Cu), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʝʥʷʪʴ ʩʚʦʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʦʙʣʘʜʘʶʪ ʩʤʝʰʘʥʥʦʡ ʢʠʩʣʦʨʦʜ-

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ʉʂʕʇ). ʀʟʤʝʥʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʉʂʕʇ 

ʧʝʨʦʚʩʢʠʪʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ: ɸɺʆ3-ŭ + 1/2ŭʆ2 źɸɺʆ3, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʫ ʥʠʭ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʠʦʥʥʦʡ (ʢʠʩʣʦʨʦʜʥʦʡ) ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʉʂʕʇ ʧʝʨʦʚʩʢʠʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʪʠʤʳʭ ʧʦ ʢʠʩʣʦʨʦʜʫ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʟʘʤʝʥʷʶʱʠʭ ʜʦʨʦʛʦʩʪʦʷʱʫʶ ʧʣʘʪʠʥʫ ʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ (ʊʆʊʕ), ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʠ ʩʦʨʙʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 100% 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʨʦʜʫ, ʜʘʪʯʠʢʦʚ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪ.ʜ. 

ʉʦʚʤʝʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʝʧʘʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʥʳʭ ʨʘʝʢʪʦʨʘʭ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʠʟ 

ʉʂʕʇ ʧʝʨʦʚʩʢʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 30% ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʪʝʟ ʛʘʟʘ [9, 10].  

ʇʝʨʦʚʩʢʠʪʳ ʩʦʩʪʘʚʘ SrCo0.8Fe0.2O3-d (SCF) ʠ Ba0.5Sr0.5Co0.8Fe0.2O3-d (BSCF), 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ Teraoka ʠ Shao [11, 12], ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʨʝʢʦʨʜʩʤʝʥʘʤʠ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʢʠʩʣʦʨʦʜʫ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʳʭ ʦʢʩʠʜʦʚ (çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè ʜʣʷ SCF, çʢʫʙʠʯʝʩʢʠʡ - 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʧʝʨʦʚʩʢʠʪè ʜʣʷ BSCF), ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩʚʦʡʩʪʚ ʦʢʩʠʜʦʚ ʧʫʪʝʤ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ 

ʠʦʥʦʚ ʚ ʧʝʨʦʚʩʢʠʪʘʭ ʩʦʩʪʘʚʘ SCF/BSCF ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ. 
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ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʜʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʍʊʊʄ ʉʆ ʈɸʅ [13-15], ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʧʠʨʦʚʘʥʠʠ ʉʂʕʇ ʦʢʩʠʜʦʚ 

ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʤʠ ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ B5+ (Nb, Ta) ʠ B6+ (Mo, W). ɺ ʦʩʥʦʚʫ 

ʩʪʨʘʪʝʛʠʠ ʟʘʣʦʞʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʝʨʦʚʩʢʠʪʘʭ, ʢʘʢ ʦ ʬʝʨʨʦʠʢʘʭ, ʪ.ʝ. ʦ ʤʘʪʝʨʠʘʣʘʭ, 

ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ: ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʥʦʩʪʴ. ɺ ʨʘʙʦʪʘʭ [23-24] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʩʠʜʳ ʥʘ ʦʩʥʦʚʝ SCF ʷʚʣʷʶʪʩʷ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʦʡʥʠʢʦʚ/ʜʦʤʝʥʦʚ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʢʠʩʣʦʨʦʜʥʦʡ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʧʘʥʪʦʚ. ɺʚʝʜʝʥʠʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʉʂʕʇ ʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʝ SCF/BSCF ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʭ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʭ 

ʢʘʪʠʦʥʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ, 

ʨʘʟʤʳʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʫʯʰʘʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʭʨʘʥʷʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ [16-24]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʠʩʣʦʨʦʜ-

ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʠ ʢʘʪʦʜʦʚ ʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʊʆʊʕ) ʧʫʪʝʤ 

ʯʘʩʪʠʯʥʦʛʦ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʦʙʘʣʴʪʘ ʢʘʪʠʦʥʘʤʠ W6+/Mo6+ ʚ ʧʝʨʦʚʩʢʠʪʘʭ ʩʦʩʪʘʚʘ 

SrCo0.8Fe0.2O3-ŭ (SCF) ʠ Ba0.5Sr0.5Co0.8Fe0.2O3-ŭ (BSCF); ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʘ SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.2) (SCFWx) ʠ 

Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15) (BSCFMx). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ SrCo0.8-ʭFe0.2WʭO3-ŭ ʠ 

Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʧʘʥʪʦʚ W6+/Mo6+ ʥʘ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè ʠ çʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ï ʢʫʙʠʯʝʩʢʠʡ 

ʧʝʨʦʚʩʢʠʪè ʚ SCF ʠ BSCF ʦʢʩʠʜʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ SrCo0.8-

ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.2) (SCFWx) ʠ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15) 

(BSCFMx). ʇʦʩʪʨʦʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ç3-ŭ ï lgpO2 ï Tè ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (x=0.05) (BSCFM5). 

3. ʀʟʫʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʩʢʦʚʳʭ ʤʝʤʙʨʘʥ ʩʦʩʪʘʚʘ SrCo0.8-

ʭFe0.2WʭO3-ŭ (0ÒxÒ0.1) (SCFWx) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʪʦʣʱʠʥʳ ʤʝʤʙʨʘʥʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 
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4. ʀʟʫʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ (ʄʊ) ʤʝʤʙʨʘʥ ʩʦʩʪʘʚʘ 

Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (x=0, 0.05) (BSCFMx) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ.  

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʩʢʦʚʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ SrCo0.8-

ʭFe0.2WʭO3-ŭ (SCFWx) ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʤʝʤʙʨʘʥ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ 

(BSCFMx) ʚ ʘʪʤʦʩʬʝʨʝ ʉʆ2 ʠ ʨʝʞʠʤʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʦʚʩʢʠʪʦʚ ʥʘ ʦʩʥʦʚʝ Ba0.5Sr0.5Co0.8-

ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʊʆʊʕ; ʠʟʫʯʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺʧʝʨʚʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʝʨʦʚʩʢʠʪʳ 

ʩʦʩʪʘʚʘ SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.2) (SCFWx). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʳʩʦʢʦ-

ʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ W6+ ʚ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʘ SCF ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʵʬʬʝʢʪʳ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ï ʦʙʨʘʟʦʚʘʥʠʷ 90ïʛʨʘʜʫʩʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʜʦʤʝʥʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʨʘʫʥʤʠʣʣʝʨʠʪʦ-ʧʦʜʦʙʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

2. ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ Mo6+ ʚ ʩʪʨʫʢʪʫʨʫ 

ʦʢʩʠʜʘ BSCF ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʯʠʩʪʳʡ ʢʠʩʣʦʨʦʜ, T = 700oC) ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʘʚʣʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʢʫʙʠʯʝʩʢʠʡ ï ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʧʝʨʦʚʩʢʠʪè. ɺʧʝʨʚʳʝ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʝʨʦʚʩʢʠʪʘ Ba0.5Sr0.5Co0.75Fe0.2Mo0.05O3-ŭ. 

3. ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (in situ ʠ ex situ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʜʠʬʨʘʢʮʠʷ, ʄʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ) 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.2) 

(SCFWx) ʠ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15) (BSCFMx) ʧʝʨʦʚʩʢʠʪʦʚ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ W6+/Mo6+ ʚ ʩʪʨʫʢʪʫʨʫ ʦʢʩʠʜʦʚ 

SCF ʠ BSCF, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʵʥʜʦʪʘʢʩʠʘʣʴʥʦʤʫ ʨʦʩʪʫ ʜʦʤʝʥʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʜʚʦʡʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ Sr2CoWO6/(Ba/Sr)CoMoO6, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʤʘʪʨʠʮʝ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

4. ɺʧʝʨʚʳʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʩʣʦʨʦʜʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʘʟʦʧʣʦʪʥʳʭ ʜʠʩʢʦʚʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʩʦʩʪʘʚʘ SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.1) (SCFWx), 
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ʦʧʨʝʜʝʣʝʥʳ ʣʠʤʠʪʠʨʫʶʱʠʝ ʩʪʘʜʠʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʜʠʩʢʦʚʦʡ ʤʝʤʙʨʘʥʳ ʚ ʘʪʤʦʩʬʝʨʝ ʉʆ2. 

5. ɺʧʝʨʚʳʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʩʣʦʨʦʜʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (ʭ=0, 0.05). ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʢʦʨʜʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʧʦʪʦʢʠ ʜʣʷ ʄʊ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

Ba0.5Sr0.5Co0.75Fe0.2Mo0.05O3-ŭ; ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʢʠʩʣʦʨʦʜʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʄʊ ʤʝʤʙʨʘʥʘʭ; ʦʧʨʝʜʝʣʝʥʘ ʣʠʤʠʪʠʨʫʶʱʘʷ ʩʪʘʜʠʷ 

ʠ ɻʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

6. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʄʊ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

Ba0.5Sr0.5Co0.75Fe0.2Mo0.05O3-ŭ ʚ ʘʪʤʦʩʬʝʨʝ ʉʆ2 ʠ ʚ ʨʝʞʠʤʝ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ ʦʢʩʠʜʳ ʩʦʩʪʘʚʘ SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.1) ʠ 

Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.05), ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʘʭ ʩʝʧʘʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ.  

2. ʇʦʣʫʯʝʥʳ ʤʠʢʨʦʪʨʫʙʯʘʪʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ Ba0.5Sr0.5Co0.8-

ʭFe0.2MoʭO3-ŭ, ʦʙʣʘʜʘʶʱʠʝ ʨʝʢʦʨʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʪʦʢʦʚ.  

3. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʦʢʩʠʜʳ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʪʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʊʆʊʕ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʠʥʪʝʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ SrCo0.8-ʭFe0.2WʭO3-z (0ÒxÒ0.2) (SCFWx) ʠ 

Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15) (BSCFMx) ʧʨʦʚʦʜʠʣʠ ʢʝʨʘʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʠʟ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʢʘʨʙʦʥʘʪʘ ʩʪʨʦʥʮʠʷ ʠ ʥʠʪʨʘʪʘ ʙʘʨʠʷ. 

2. ʄʠʢʨʦʪʨʫʙʯʘʪʳʝ ʤʝʤʙʨʘʥʳ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (x=0, 0.05) ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʘʟʦʚʦʡ ʠʥʚʝʨʩʠʠ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEM-

2010. 
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4. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ ʦʙʨʘʟʮʘʭ ʥʘ ʦʩʥʦʚʝ SCFWx ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ NZ-640/2 (ɺʅʇ)). 

5. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʩʠʜʘʭ ʥʘ ʦʩʥʦʚʝ SCFWx ʠ BSCFMx ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʡʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

6. ʋʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ BSCFMx ʠʟʤʝʨʷʣʠ ʥʘ ʚʦʟʜʫʭʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ-ʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɺʘʥ ʜʝʨ ʇʘʫ. 

7. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʩʢʦʚʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ SCFWx 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ. ʈʘʟʣʠʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʘʟʦʚ 

ʬʦʨʤʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʋʌʇɻʉ-4. 

8. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʄʊ ʤʝʤʙʨʘʥ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʨʝʘʢʪʦʨʝ. ʕʢʩʧʝʨʠʤʝʥʪ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʛʦ ʥʘʛʨʝʚʘ 

ʄʊ ʤʝʤʙʨʘʥ ʧʨʦʧʫʩʢʘʥʠʝʤ ʯʝʨʝʟ ʥʠʭ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʦʚʳʭ ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

SrCo0.8-ʭFe0.2WʭO3-ŭ (0.02ÒxÒ0.1) ʠ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (0ÒxÒ0.15). 

2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ SrCo0.8Fe0.2O3-ŭ ʠ 

Ba0.5Sr0.5Co0.8Fe0.2O3-ŭ ʧʝʨʦʚʩʢʠʪʦʚ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʠʟʦʤʦʨʬʥʦʤ ʟʘʤʝʱʝʥʠʠ 

ʢʦʙʘʣʴʪʘ ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ W/Mo(6+), ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʩʦʜʝʨʞʘʱʝʡ ʉO2. 

3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʯʝʨʝʟ ʜʠʩʢʦʚʳʝ ʤʝʤʙʨʘʥʳ ʩʦʩʪʘʚʘ SrCo0.8-

ʭFe0.2WʭO3-ŭ (x=0.02, 0.03, 0.05) ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʝ ʤʝʤʙʨʘʥʳ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8-

ʭFe0.2MoʭO3-ŭ (x=0, 0.05) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. 

4. ʌʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʢʠʩʣʦʨʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʜʠʩʢʦʚʳʭ SrCo0.8-ʭFe0.2WʭO3-

ŭ (x=0.02, 0.03, 0.05) ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ Ba0.5Sr0.5Co0.8-ʭFe0.2MoʭO3-ŭ (x=0, 0.05) 

ʤʝʤʙʨʘʥʘʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: IV International conference 

Fundamental bases of mechanochemical technologies (Novosibirsk, 2013); 11 International 

conference on Catalysis in membrane reactors (Porto, Portugal, 2013); ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫
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ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2013); 52ʷ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠ ̫çʉʪʫʜʝʥʪ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩè (ʅʦʚʦʩʠʙʠʨʩʢ, 2014); 2ʷ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʥʘʫʯʥʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫çʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2013); 9ʡ ʩʝʤʠʥʘʨ ʉʆ ð ʋʨʆ ʈɸʅ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2014); VIII ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʭʠʤʠʠ çʄʝʥʜʝʣʝʝʚ 2014è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014); 2ʷ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫

ʤʦʣʦʜʝʞʥʘ ̫ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʩ ʤʦʣʦʜʝʞʥʳʤ ʫʯʘʩʪʠʝʤ çʀʥʥʦʚʘʮʠʠ ʚ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠè (ʄʦʩʢʚʘ, 2015); 53ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘ ̫ ʩʪʫʜʝʥʯʝʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫ ʄʅʉʂï2015 (ʅʦʚʦʩʠʙʠʨʩʢ, 2015); 3ʷ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝè 

(ʏʝʨʥʦʛʦʣʦʚʢʘ, 2015); ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè ICFM-2015 (ʅʦʚʦʩʠʙʠʨʩʢ, 2015); 1ʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ hʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠ ̫ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɹʠʦʤʝʜʠʮʠʥʘ, ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘè (ʂʘʟʘʥʴ, 2015); 2ʷ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: 

ʤʝʭʘʥʠʟʤʳ ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 2015); 13ʝ ʩʦʚʝʱʘʥʠʝ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ñʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʦʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘò 

(ʏʝʨʥʦʛʦʣʦʚʢʘ, 2016); 12th International Symposium on Systems with Fast Ionic Transport 

(Kaunas, Lithuania, 2016); ʍʍ ʄʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ,2016); 3ʷ ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʈʦʩʩʠʡʩʢʦ-ʂʘʟʘʭʩʪʘʥʩʢʘ ̫ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠʷ çʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, 

2017); 21th International conference çSolid State Ionicsè (Padova, Italy, 2017); XI 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè 

(ʅʊʀ-2017) (ʅʦʚʦʩʠʙʠʨʩʢ, 2017); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çIon transport in organic 

and inorganic membranesè (ʉʦʯʠ, 2018); V International Conference çFundamental Bases of 

Mechanochemical Technologiesè (Novosibirsk, 2018). 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ (ʀʍʊʊʄ ʉʆ ʈɸʅ) ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ˉ13-03-00737, ˉ14-03-

31240, ̄ 14-29-04044, ˉ18-03-00485), ʀʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈɸʅ (ʧʨʦʝʢʪ rˉ 104, ˉ34), ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 
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ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ ˉ ʅʐ-2938-2014-3, ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʆʩʥʦʚʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè (ˉ 24.47), II.2, ɻʨʘʥʪʘ ʈʅʌ ˉ18-13-00059. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ 

ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨʦʤ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʨʘʙʦʪʢʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʜʠʩʢʦʚʳʭ 

ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʤʝʤʙʨʘʥ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʩʢʦʚʳʭ ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʤʝʤʙʨʘʥ. ɸʚʪʦʨ 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʦʙʨʘʙʦʪʢʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ, ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ɻ ʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʠʠ 

ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʄʊ ʤʝʤʙʨʘʥ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ ʉ.ʌ. ɹʳʯʢʦʚʳʤ. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʘʪ 

ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ.  

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 27 

ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ, 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ ʠ 22 ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ ʨʦʩʩʠʡʩʢʠʭ 

ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ 

ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘ 144 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʜʝʨʞʠʪ 96 ʨʠʩʫʥʢʦʚ, 11 ʪʘʙʣʠʮ ʠ 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 124 ʩʩʳʣʦʢ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ. 

ʅʝʤʫʜʨʦʤʫ ɸ.ʇ. ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʀʍʊʊʄ ʉʆ ʈɸʅ ɹʨʘʛʠʥʦʡ ʆ. 

ɸ., ɹʳʯʢʦʚʫ ʉ. ʌ., ʇʦʧʦʚʫ ʄ. ʇ., ɹʫʣʠʥʦʡ ʅ. ɺ., ɻʘʡʥʫʪʜʠʥʦʚʫ ʀ. ʕ., ʅʠʬʪʘʣʠʝʚʦʡ ʅ. ɺ. 

ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʠ ʧʦʜʜʝʨʞʢʫ.   
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1 ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1 ʉʪʨʫʢʪʫʨʘ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʦʚ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʫʙʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABʆ3 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ:  

1. ɹʦʣʴʰʝʨʘʟʤʝʨʥʳʝ A2+ ʢʘʪʠʦʥʳ ʟʘʥʠʤʘʶʪ ʫʛʣʳ (0 0 0) ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʷʯʝʡʢʠ, ʤʘʣʦʨʘʟʤʝʨʥʳʝ B4+ ʢʘʪʠʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʢʫʙʘ (İ İ İ), ʘ ʠʦʥʳ 

ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʛʨʘʥʝʡ (İ İ 0; İ 0 İ; 0 İ İ) (ʩʤ. ʨʠʩʫʥʦʢ 1). ʊʘʢʘʷ 

ʠʜʝʘʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

Pm m;  

2. ʋʜʦʙʥʦ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʦʧʠʩʳʚʘʪʴ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ - 

ʩʠʩʪʝʤʦʡ ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʦʢʪʘʵʜʨʦʚ ɺʆ6, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʙʦʣʴʰʝʨʘʟʤʝʨʥʳʝ ʢʘʪʠʦʥʳ ɸ, (ʩʤ. ʨʠʩʫʥʦʢ 2); 

   

  

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʫʙʠʯʝʩʢʦʛʦ 

ʧʝʨʦʚʩʢʠʪʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʢʫʙʠʯʝʩʢʦʛʦ 

ʧʝʨʦʚʩʢʠʪʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʘʭ [25] 

 

3. ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʦʢ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʫʧʘʢʦʚʢʘ Aʆ3 ʩʣʦʝʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ɺ-ʢʘʪʠʦʥʳ. ʈʘʟʥʦʝ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʣʦʝʚ ɸʆ3 ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʚʫʭ ʪʠʧʦʚ ʧʝʨʦʚʩʢʠʪʦʚ: ʢʫʙʠʯʝʩʢʠʭ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʣʦʝʚ 

abcabc; ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ c ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ abab. ʂʫʙʠʯʝʩʢʘʷ ʧʣʦʪʥʝʡʰʘʷ ʫʧʘʢʦʚʢʘ 

3
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ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʆ, ʚ ʢʦʪʦʨʦʡ ı ʯʘʩʪʴ ʘʥʠʦʥʦʚ ʟʘʤʝʥʝʥʘ ɸ-ʢʘʪʠʦʥʘʤʠ, ʘ 

B-ʢʘʪʠʦʥʳ ʟʘʥʠʤʘʶʪ ı ʯʘʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʦʚʩʢʠʪʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ɸBO3 ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʢʘʪʠʦʥʘ ɺ4+ ʧʦʟʚʦʣʷʶʪ ʝʤʫ ʟʘʥʠʤʘʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʚ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʘ ʢʘʪʠʦʥ A2+ ʙʣʠʟʦʢ ʧʦ ʨʘʟʤʝʨʘʤ ʢ ʘʥʠʦʥʫ ʢʠʩʣʦʨʦʜʘ. ʏʪʦʙʳ 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʦʚʩʢʠʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ 

ʬʘʢʪʦʨ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ɻʦʣʴʜʰʤʠʜʪʘ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.1) [26]: 

( )OB

OA

RR

RR
t

+

+
=

2
           (1.1) 

ʛʜʝ R ï ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ ɸ, ɺ ʠ ʘʥʠʦʥʘ ʢʠʩʣʦʨʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 0.8Òt<1; ʧʨʠ t>1 

ʨʝʘʣʠʟʫʝʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 3); ʜʣʷ t<0.8 ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠʣʠ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ɸ ʠ B ʢʘʪʠʦʥʦʚ ʤʝʥʷʝʪʩʷ, ʚʦʟʥʠʢʘʝʪ 

ʢʠʩʣʦʨʦʜʥʘʷ ʥʝʩʪʝʭʠʦʤʝʪʨʠʷ ɸɺʆ3-d , ʛʜʝ ʧʘʨʘʤʝʪʨ d ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʠʜʝʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ɸ ʠ B ʢʘʪʠʦʥʦʚ. ʀʩʢʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʝʨʦʚʩʢʠʪʘ ABʆ3-ŭ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʣʠʵʜʨʦʚ (Bʆ6, ɺʆ5, ɺʆ4) ʠ ʠʭ ʩʪʳʢʦʚʢʠ 

ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʦʤʫ ʤʥʦʛʦʦʙʨʘʟʠʶ ʩʪʨʫʢʪʫʨ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʜʦʚ.  

 

 

ʈʠʩʫʥʦʢ 3 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʫʙʠʯʝʩʢʦʛʦ 

ʧʝʨʦʚʩʢʠʪʘ (3ʉ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʧʝʨʦʚʩʢʠʪʘ (2H) ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʘʭ [27] 

 

ʉʪʨʫʢʪʫʨʘ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʢʠʩʣʦʨʦʜʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ɸɺʆ2.5 ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ, ʚ ʢʦʪʦʨʦʡ ʢʠʩʣʦʨʦʜʥʳʝ 
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ʚʘʢʘʥʩʠʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʢʘʞʜʦʤ ʚʪʦʨʦʤ ʩʣʦʝ, ʬʦʨʤʠʨʫʷ ʮʝʧʠ ɺʆ4 ʪʝʪʨʘʵʜʨʦʚ (ʩʤ. 

ʨʠʩʫʥʦʢ 4). ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʝʞʜʫ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ ʠ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: aḐãa, bḐ4a, cḐãa. ʈʘʟʣʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ, ʢʘʢ Imma, I2mb, Pnma.  

 

 

ʈʠʩʫʥʦʢ 4 ï ʉʪʨʫʢʪʫʨʘ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ 

ʚ ʚʠʜʝ ʧʦʣʠʵʜʨʦʚ 

 

ɼʚʦʡʥʳʝ ʧʝʨʦʚʩʢʠʪʳ ʠʤʝʶʪ ʦʙʱʠʝ ʬʦʨʤʫʣʳ: A2BBôO6, ʠ AAôB2O6, (ʩʤ. ʨʠʩʫʥʢʠ 

5ï6). ʉʦʝʜʠʥʝʥʠʷ A2BBôO6 (ʩʤ. ʨʠʩʫʥʦʢ 5) ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ F-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʷʯʝʡʢʫ 

ʩ ʫʜʚʦʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʛʜʝ ʠʦʥʳ B ʠ Bô ʯʝʨʝʜʫʶʪʩʷ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʘʢ, ʯʪʦ 

ʢʘʞʜʳʡ Bʆ6 ʦʢʪʘʵʜʨ ʩʚʷʟʘʥ ʩ ʰʝʩʪʴʶ Bôʆ6 ʦʢʪʘʵʜʨʘʤʠ ʠ ʥʘʦʙʦʨʦʪ [28]. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

(ʩʤ. ʨʠʩʫʥʦʢ 6) ʜʚʦʡʥʳʝ ʧʝʨʦʚʩʢʠʪ rʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ AAôB2O6 ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

LnBaCo2O6-ŭ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʠʭ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʸʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʠʙʦ ʪʦʣʴʢʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ, ʣʠʙʦ ʪʦʣʴʢʦ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ LnBaCo2O6-ŭ ʫʜʚʦʝʥʘ ʚʜʦʣʴ 

ʦʩʠ c, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʷʯʝʡʢʦʡ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ ʵʪʠ ʘʪʦʤʳ 

ʩʣʫʯʘʡʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ A-ʧʦʟʠʮʠʷʤ [29]. 
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ʈʠʩʫʥʦʢ 5 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʚʦʡʥʳʭ 

ʧʝʨʦʚʩʢʠʪʦʚ ʪʠʧʘ Sr2FeMoO6 

[30] 

ʈʠʩʫʥʦʢ 6 ï ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʪʠʧʘ LnBaCo2O6-d [31] 

 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʭ ʦʢʩʠʜʦʚ ʷʚʣʷʶʪʩʷ ʩʣʦʠʩʪʳʝ 

ʧʝʨʦʚʩʢʠʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ AO(A'nBnO3n) (ʬʘʟʳ ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ) (ʩʤ. ʨʠʩʫʥʦʢ 

7). ʇʝʨʚʳʡ ʯʣʝʥ ʜʘʥʥʦʛʦ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ɸ2ɺʆ4 ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ K2MgF4. ɺ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ A2BO4 ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʦʠ ʦʢʪʘʵʜʨʦʚ BO6 ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ 

AO. ɸʥʠʟʦʪʨʦʧʥʳʡ ʭʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʠʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʢʠʩʣʦʨʦʜʥʘʷ 

(ʤʝʞʫʟʝʣʴʥʘʷ) ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʳʩʦʢʦʝ ʤʘʛʥʝʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠ ʪ.ʜ. 
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ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʢʪʫʨʘ 

ʩʣʦʠʩʪʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʨʷʜʘ 

ʈʘʜʜʣʝʩʜʝʥʘ-ʇʦʧʧʝʨʘ [32] 

 

1.2 ʇʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʦʢʩʠʜʳ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʠʪʘ ʩʪʨʦʥʮʠʷ 

1.2.1 SrCo0.8Fe0.2O3-d (SCF) 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʝʨʦʚʩʢʠʪ ʩʦʩʪʘʚʘ SrCo0.8Fe0.2O3-ŭ (SCF) ʠʤʝʝʪ 

ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʠʩʣʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʠ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʢʠʩʣʦʨʦʜ-ʧʨʦʥʠʮʘʝʤʳʭ ʤʝʤʙʨʘʥ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠʟ ʚʦʟʜʫʭʘ [11, 33]. 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʘʭ [34-35] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʠ ʬʘʟʦʚʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ SCF. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [34], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʨʝʜʝ ʩ ʥʠʟʢʠʤ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 

pO2~10ī3 ʘʪʤ ʠ ʊÒ750̄ ʉ ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ (ʧ.ʛ.ʩ.) Icmm. ʊʘʢʦʡ 

ʧʝʨʝʭʦʜ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʷʯʝʡʢʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʤʝʤʙʨʘʥʳ. ʂ ʪʦʤʫ ʞʝ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ SCF 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʡ CO2, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʤʝʤʙʨʘʥʳ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʝʘʢʮʠʠ (1.2) [36]: 

SrCo0.8Fe0.2O3-ŭ + CO2 Ÿ SrCO3 + 0.4Co2O3 + 0.1Fe2O3 + ((0.5-ŭ)/2)O2  (1.2) 
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ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʝʤʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SCF ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʢʘʪʠʦʥʦʚ 

ʚ A ʠ B-ʧʦʜʨʝʰʝʪʢʘʭ ʦʢʩʠʜʘ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʠ ʤʦʜʠʬʠʢʘʮʠʶ ʩʪʨʫʢʪʫʨʳ SCF 

ʦʢʩʠʜʘ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʢʘʪʠʦʥʦʚ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ (Al 3+, Ti4+, Zr4+, 

Nb5+, Ta5+) [37-41]. ʊʘʢ, ʚʚʝʜʝʥʠʝ Al  ʚ ʩʪʨʫʢʪʫʨʫ SCF ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʠʤʝʶʱʠʭ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ [37]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ Co3+/4+ ʢʘʪʠʦʥʘʤʠ Al 3+ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè ʚ ʩʨʝʜʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʤ. ʨʠʩʫʥʦʢ 8) 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ SCF ʢʘʪʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ.  

 

 

ʈʠʩʫʥʦʢ 8 ï ɼʘʥʥʳʝ ʂʊʈ ʦʙʨʘʟʮʦʚ SCF ʠ SCF-

SrAl2O4 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 200oC ÒTÒ1000ʦC ʥʘ 

ʚʦʟʜʫʭʝ [37] 

 

ɿʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ Co3+/4+ ʢʘʪʠʦʥʘʤʠ Zr4+ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʦʥʦʬʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ. ʆʜʥʘʢʦ ʧʨʝʜʝʣ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʪʠʦʥʦʚ ʮʠʨʢʦʥʠʷ ʚ SCF ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 6%. ʆʪʞʠʛ SCFZ ʤʝʤʙʨʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ T=1000oC ʚ ʘʪʤʦʩʬʝʨʝ N2 (pO2=2Ĭ10-3ʘʪʤ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʬʘʟʳ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʠ ʬʘʟʳ ʨʦʤʙʠʯʝʩʢʦʛʦ 
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ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ [38]. ʉ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʠʣʘʪʦʤʝʪʨʠʠ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʢʘʪʠʦʥʦʚ Zr4+ ʚ ʩʪʨʫʢʪʫʨʫ SCF ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ (ʩʤ. ʨʠʩʫʥʦʢ 9). ʉʦʛʣʘʩʥʦ 

ʨʠʩʫʥʢʫ 9, ʩʪʨʫʢʪʫʨʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʬʘʟʳ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ ʚ ʚʘʢʘʥʩʠʦʥʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ ʜʣʷ ʜʦʧʠʨʦʚʘʥʥʳʭ SCFZ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʥʴʰʠʤ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʥʝʜʦʧʠʨʦʚʘʥʥʦʛʦ SCF. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʙʦʯʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʝʤʙʨʘʥʥʦʛʦ ʨʝʘʢʪʦʨʘ ʠ ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʚʦ ʚʨʝʤʷ ʮʠʢʣʦʚ 

ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 9 ï ʂʠʩʣʦʨʦʜʥʘʷ ʩʪʝʭʠʦʤʝʪʨʠʷ 

Sr(Co0.8Fe0.2)1-xZrxO3-d ʚ ʘʟʦʪʝ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ 

ʛʨʘʥʠʮʳ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ɼʊɸ [38] 

 

ʇʦʜʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʚ ʚʘʢʘʥʩʠʦʥʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʬʘʟʫ ʨʦʤʙʠʯʝʩʢʦʛʦ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ ʧʨʠ ʥʠʟʢʦʤ ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʣʷ SCF, ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʥʠʦʙʠʝʤ [40]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʜʣʷ SCFNb ʦʙʨʘʟʮʦʚ, ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ 

ʊ=850ʦʉ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 10), ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ Nb5+ ʚ 

ʩʪʨʫʢʪʫʨʝ SCF ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʨʘʫʥʤʠʣʣʝʨʠʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚ ʨʝʬʣʝʢʩʳ 

ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ.  
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ʈʠʩʫʥʦʢ 10 ï ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʨʝʬʣʝʢʩʘ (110) ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ Nb2O5 [40] 

 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ SCF ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʝʤʙʨʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʠ ʬʣʶʦʨʠʪʘ. ʆʜʥʘʢʦ ʛʣʘʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʦʢʩʠʜʦʚ 

Zr0.8Y0.2O2-z (YSZ) ʠ Ce0.8Gd0.2O2-z (CGO), ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʧʝʨʦʚʩʢʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʠʦʥʳ Sr ʠ La, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ (ʩʤ. 

ʨʠʩʫʥʦʢ 11) ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ [42]. ɺ ʨʘʙʦʪʝ [43] ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ (SrFeO3-ŭ)0.7(SrAl2O4)0.3 ʠ (SrCo0.8Fe0.2O3-

ŭ)0.7(SrAl2O4)0.3 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ SrFeO3-ŭ ʠ SrCo0.8Fe0.2O3-ŭ. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʝ CO2 (ʩʤ. ʨʠʩʫʥʦʢ 12), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʟʨʫʰʝʥʠʶ ʤʝʤʙʨʘʥʳ. 
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ʈʠʩʫʥʦʢ 11 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʉʕʄ 

ʢʦʤʧʦʟʠʪʘ LSFC/CGO [42] 

 

ʈʠʩʫʥʦʢ 12 ï ɼʘʥʥʳʝ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (A) Sr(FeAl)O3-ŭ ʠ (B) 

Sr(CoFe)O3-ŭ ʥʘ ʚʦʟʜʫʭʝ, ʚ Ar ʠ CO2 

[43] 

 

ʋʚʝʣʠʯʝʥʠʝ ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ SCF ʦʢʩʠʜʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʉʆ2 ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʢʘʪʠʦʥʦʚ Co3+/4+ ʥʘ ʢʘʪʠʦʥʳ Ti4+, Nb5+, Ta5+ [39, 41, 

44]. ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ SCF ʠ SCFTa ʦʢʩʠʜʦʚ ʧʦʩʣʝ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʉʆ2 (ʩʤ. ʨʠʩʫʥʦʢ 13) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʦʧʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʭʨʘʥʷʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʝʨʦʚʩʢʠʪʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ SCF ʦʢʩʠʜʘ, ʢʦʪʦʨʳʡ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʩʪʨʦʥʮʠʷ ʠ 

ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ [39]. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ B-O ʠ ʫʤʝʥʴʰʝʥʠʷ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʩʥʦʚʥʦʩʪʠ 

ʧʝʨʦʚʩʢʠʪʘ. 

 

ʈʠʩʫʥʦʢ 13 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʢʩʠʜʦʚ SCF ʠ 

SCFTa ʧʦʩʣʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʚ CO2ï

ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʊ=900ÁC ʚ ʪʝʯʝʥʠʝ 19 ʠ 17 

ʯʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; P: ʧʝʨʦʚʩʢʠʪ; C: SrCO3; 

O: ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [39] 

 

1.2.2 ʌʝʨʨʦʠʯʥʘʷ ʧʨʠʨʦʜʘ ʉʂʕʇ ʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʝ SCF  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ SCF ʧʝʨʦʚʩʢʠʪʘ ʧʨʠ 

ʜʦʧʠʨʦʚʘʥʠʠ ʢʘʪʠʦʥʘʤʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ 

ʧʝʨʦʚʩʢʠʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʬʝʨʨʦʠʢʘʤʠ, ʪ.ʝ. ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʩʝʛʥʝʪʦʵʣʘʩʪʠʯʥʦʩʪʴ. ɺ ʨʘʙʦʪʘʭ [23ï24] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʡ ʦʢʩʠʜ SrCo0.8Fe0.2O2.5 (SCF), ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè, ʷʚʣʷʝʪʩʷ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʦʤ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [23], ʜʦʧʠʨʦʚʘʥʠʝ SCF ʦʢʩʠʜʘ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʤʠ (ʩ 

ʥʝʟʘʧʦʣʥʝʥʥʥʳʤ ʚʥʝʰʥʝʤ d ʫʨʦʚʥʝʤ) ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ B5+ (Nb, Ta) ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʉʂʕʇ ʦʢʩʠʜʘ ʟʘ ʩʯʝʪ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʠ 

ʟʘʨʷʜʦʚʦʛʦ ʙʝʩʧʦʨʷʜʢʘ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [23], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʩʦʢʦ-ʟʘʨ̫ʜʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʦʢʩʠʜʘ SCF ʧʨʦʠʩʭʦʜʠʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʙʨʘʫʥʤʠʣʣʝʨʠʪʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚ ʨʝʬʣʝʢʩʳ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ Pm3m. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ (Ibmm Ÿ Pm3m) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ, (ʩʤ. ʨʠʩʫʥʦʢ 14), 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʥʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ, 

ʠʥʜʠʮʠʨʫʝʤʳʭ ʚ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʧʝʨʦʚʩʢʠʪʘ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʰʠʨʝʥʥʳʤʠ 

ʨʝʬʣʝʢʩʘʤʠ ʬʘʟʳ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ. ʇʦʜʦʙʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʜʣʷ ʨʷʜʘ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʠ ʢʦʙʘʣʴʪʠʪʘ ʩʪʨʦʥʮʠʷ [45ï47] ʠ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 15), 

ʩʚʷʟʘʥʳ ʩ ʵʬʬʝʢʪʘʤʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠ ̫ï ʦʙʨʘʟʦʚʘʥʠ ̫90ʦ ʥʘʥʦʨʘʟʤʝʨʳʭ 

ʙʨʘʫʥʤʠʣʣʝʨʠʪʥʳʭ ʜʦʤʝʥʦʚ.  

 

 

 

ʈʠʩʫʥʦʢ 14 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ 

ʩʦʝʜʠʥʝʥʠʡ SrCo0.8-ʫFe0.2ʊaxO2.5+y; 

cʠʤʚʦʣ * ï ʨʝʬʣʝʢʩʳ ʙʨʘʫʥʤʠʣʣʝʨʠʪʘ 

[23] 

ʈʠʩʫʥʦʢ 15 ï ɼʘʥʥʳʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʢʘʨʪʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʙʳʩʪʨʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʚʳʜʝʣʝʥʥʳʭ 

ʦʙʣʘʩʪʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

SrCo0.73Fe0.2Ta0.07O2.58 [23] 

 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ [23ï24], ʜʦʧʠʨʦʚʘʥʠʝ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʨʷʜʦʚʦʛʦ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʝʛʥʝʪʦʵʣʘʩʪʠʢʦʚ, ʧʨʠ ʵʪʦʤ ʠʭ ʤʠʢʨʦʩʪʨʢʫʢʪʫʨʘ ʠ ʭʘʨʘʢʪʝʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʜʦʙʥʳ 

ʩʦʦʪʚʝʩʪʚʫʶʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʝʣʘʢʩʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ (ʣʦʢʘʣʴʥʳʝ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ) ʠ ʥʘʣʠʯʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 
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ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʦʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʝʨʝʭʦʜʠʪ ʚ ʥʘʥʦʜʦʤʝʥʥʫʶ 

ʩʪʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [23ï24] ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʧʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʦʚʩʢʠʪʘ ʧʫʪʝʤ ʠʭ ʜʦʧʠʨʦʚʘʥʠʷ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʤʠ B5+/6+ (Nb, Ta, Mo, W) ʢʘʪʠʦʥʘʤʠ. 

ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʚʩʢʠʪʦʚ, ʧʫʪʝʤ ʠʟʦʤʦʨʬʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʩʝʛʥʝʪʦʘʢʪʠʚʥʳʤʠ ʚʳʩʦʢʦ-ʟʘʨʷʜʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʤʳʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʫʚʝʣʠʯʠʪʴ ʬʘʟʦʚʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ.  

1.2.3 Ba0.5Sr0.5Co0.8Fe0.2O3-ŭ (BSCF) 

ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʢʘʪʠʦʥʦʚ Sr2+ ʚ ʩʪʨʫʢʪʫʨʝ SCF ʥʘ Ba2+ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʦʚʩʢʠʪ 

ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ Ba0.5Sr0.5Co0.8Fe0.2O3-ŭ (BSCF), ʢʦʪʦʨʳʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (850ï

1100oʉ) ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (Pm3m). ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [23], ʦʢʩʠʜ ʩʦʩʪʘʚʘ BSCF 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ çʩʝʛʥʝʪʦʵʣʘʩʪʠʯʝʩʢʠʡ ʨʝʣʘʢʩʦʨè, ʚ ʢʦʪʦʨʦʤ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

çʧʝʨʦʚʩʢʠʪ ï ʙʨʘʫʥʤʠʣʣʝʨʠʪè ʨʘʟʤʳʪ ʠʟ-ʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʟʘʤʝʱʝʥʠʝʤ ʢʘʪʠʦʥʦʚ Sr2+ ʥʘ Ba2+, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʢʩʠʜ BSCF ʠʤʝʝʪ ʥʘʠʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʦʙʲʝʤʥʦʤʫ ʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʢʦʨʜʩʤʝʥʦʚ ʩʨʝʜʠ 

ʤʝʤʙʨʘʥ ʩ ʚʳʩʦʢʠʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ [12, 48ï49]. ɺʧʝʨʚʳʝ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 2000 ʛ. Shao at. all. [12]. ʉ ʧʦʤʦʱʴʶ ʆ2 ï ʊʇɼ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

(ʩʤ. ʨʠʩʫʥʢʠ 16 ʠ 17) ʘʥʘʣʠʟʦʚ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʘʪʠʦʥʦʚ ʙʘʨʠʷ ʚ ʩʪʨʫʢʪʫʨʫ 

SCF ʦʢʩʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʬʘʟʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʛʦ 

ʧʝʨʦʚʩʢʠʪʘ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠ ʥʠʟʢʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ.  
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ʈʠʩʫʥʦʢ 16 ï O2-ʊʇɼ ʢʨʠʚʳʝ 

(ʘ) SCF ʠ (ʙ) BSCF ʦʢʩʠʜʦʚ 

[12] 

ʈʠʩʫʥʦʢ 17 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ  

O2-ʊʇɼ ʘʥʘʣʠʟʘ (a) SCF ʠ (ʙ) BSCF [12] 

 

ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ex situ ʈʌɸ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʝ [50] (ʩʤ. ʨʠʩʫʥʦʢ 18) ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʦʪʞʠʛʝ ʦʙʨʘʟʮʦʚ BSCF ʧʨʠ ʊ=750ʦC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʩʪʠʯʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦʣʠʤʦʨʬʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ï 2H ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʧʝʨʦʚʩʢʠʪ. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ 

ʧʝʨʝʭʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʤ, ʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚʳʜʝʨʞʢʫ ʦʙʨʘʟʮʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 800ï900Üʉ.  
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ʈʠʩʫʥʦʢ 18 ï ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ BSCF ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʦʟʜʫʭʝ; 

ʨʝʬʣʝʢʩʳ ʜʣʷ ʢʫʙʠʯʝʩʢʦʛʦ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

2H ʧʝʨʦʚʩʢʠʪʘ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ çCè ʠ çHè, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [50]  

 

ɼʘʥʥʳʝ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 

[51], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʤʠʤʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ (2H) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 700ï800ʦʉ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʘʩʪʠʥ (ʣʘʤʝʣʝʡ). ʉʪʨʫʢʪʫʨʘ ʣʘʤʝʣʝʡ, ʩ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʤ ʩʦʩʪʘʚʦʤ Ba1-xSrxCo2-yFeyO5-ŭ, ʩʚʷʟʘʥʘ ʩ ʧʦʣʠʪʠʧʦʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʧʝʨʦʚʩʢʠʪʘ 15R (ʩʤ. ʨʠʩʫʥʦʢ 19). ʇʨʠʯʠʥʫ ʨʘʟʣʦʞʝʥʠʷ BSCF ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʚʘʣʝʥʪʥʳʤʠ ʠ ʩʧʠʥʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ ʚ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ.  
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ʈʠʩʫʥʦʢ 19 ï ɼʘʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʦʙʨʘʟʮʘ BSCF ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʊ=800oC ʚ 

ʪʝʯʝʥʠʝ 180 ʯʘʩʦʚ [51] 

 

ɻʨʘʥʠʮʳ ʬʘʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʫʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ BSCF (ʩʤ. ʨʠʩʫʥʦʢ 20) 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʪʝ [52] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ T=700ï950oC ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʢʫʙʠʯʝʩʢʦʡ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ BSCF ʥʘ ʩʤʝʩʴ ʬʘʟ ʠʟ CoO, BaCoO2+ŭ (ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ) 

ʠ ʥʝʠʟʚʝʩʪʥʦʡ ʬʘʟʳ, ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʈʌɸ. ʉʦʛʣʘʩʥʦ 

ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ (ʩʤ. ʨʠʩʫʥʦʢ 20), ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ 

BSCF ʧʨʠ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʰʝʪʢʝ ʧʝʨʦʚʩʢʠʪʘ 3-ŭ = ~ 2.130 ʠ ~ 

2.515, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 20 ï çT-lg pO2-3-ŭè ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʦʢʩʠʜʘ BSCF ʧʨʠ ʊ=700-950ÁC, ʧʦʣʫʯʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ; 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʛʨʘʥʠʮʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ [52] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʪʨʫʢʪʫʨʳ BSCF ʦʢʩʠʜʘ ʭʘʨʘʢʪʝʨʥʳ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ 

ʊ¢850oC ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʣʠʤʦʨʬʥʳʝ ʬʦʨʤʳ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [51] ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ BSCF ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʘʜʝʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʪʘʚʠʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BSCF ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʊʆʊʕ, ʘ ʪʘʢʞʝ ʢʘʢ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʦʙʤʝʥʘ ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʧʨʠ ʩʨʝʜʥʠʭ (500ï700ʦʉ) ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʨʫʛʦʡ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ BSCF ʦʢʩʠʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʢʘʪʠʦʥʦʚ Ba2+ ʠ Sr2+ 

ʩ ʢʠʩʣʦʪʥʳʤ ʦʢʩʠʜʦʤ ʉʆ2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʩʠʜʘ. ʀʟ ʘʥʘʣʠʟʘ ʜʠʘʛʨʘʤʤʳ ʕʣʣʠʥʛʝʤʘ (ʩʤ. ʨʠʩʫʥʦʢ 21) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʠʟʢʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ CO2 ʙʫʜʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʢʘʨʙʦʥʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ BSCF. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʊ¢800ʦʉ, 

ʢʦʪʦʨʘʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʨʙʦʥʘʪʦʚ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ [53]. 

 

 

ʈʠʩʫʥʦʢ 21 ï ɼʠʘʛʨʘʤʤʘ ʕʣʣʠʥʛʝʤʘ [53] 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʨʙʦʥʘʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʧʘʨʮʠʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʉʆ2; ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʢʘʨʙʦʥʘʪʦʚ Ba, Co ʠ Fe ʦʙʦʟʥʘʯʝʥʳ 

ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ; ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ CO2 

ï ʧʫʥʢʪʠʨʥʳʤʠ 

 

ʈʘʟʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ BSCF ʚ ʘʪʤʦʩʬʝʨʝ Cʆ2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ BaCO3 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ ʠ 

ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ, ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [54]. C ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʩʪ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʬʬʫʟʠʝʡ Ba2+ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 22. 
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ʈʠʩʫʥʦʢ 22 ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ Ba2+ 

ʠ Sr2+ ʚ ʘʪʤʦʩʬʝʨʝ CO2 [54] 

 

Almond ʠ ʜʨ. ʚ ʨʘʙʦʪʝ [55] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ CO2 ʙʦʣʝʝ 70 

ʯʘʩʦʚ ʧʨʠ ʊ=875ʦʉ ʦʙʨʘʟʝʮ BSCF ʚ ʚʠʜʝ ʪʘʙʣʝʪʢʠ (L=1 ʤʤ) ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʣʦʞʝʥʠʝ ʥʘ 

ʛʣʫʙʠʥʫ 40ï50 ʤʢʤ. ʉʦʛʣʘʩʥʦ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 23, 

ʨʘʟʣʦʞʠʚʰʠʡʩʷ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʬʘʟ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʨʚʘʷ ʬʘʟʘ (iii) ʩʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʘʨʙʦʥʘʪʦʚ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ (BaxSr1īx)CO3, ʘ ʚʪʦʨʘʷ (ii), ʠʤʝʶʱʘʷ 

ʧʣʘʩʪʠʥʯʘʪʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʷʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʳʤ ʦʢʩʠʜʦʤ (BaSr)x(CoFe)yOz ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

 

 ʈʠʩʫʥʦʢ 23 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ 

ʉʕʄ ʧʨʦʥʠʮʘʝʤʦʡ ʩʪʦʨʦʥʳ 

ʤʝʤʙʨʘʥʳ BSCF ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʉʆ2 [55] 

 




















































































































































































































