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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʣʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ (ʃʀɸ) [1ï4]. 

ʉʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʃʀɸ ʟʘʩʣʫʞʠʣʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʜʦʣʛʦʤʫ ʩʨʦʢʫ 

ʩʣʫʞʙʳ, ʙʳʩʪʨʦʤʫ ʧʝʨʝʟʘʨʷʜʫ ʠ ʦʪʩʫʪʩʪʚʠʶ çʵʬʬʝʢʪʘ ʧʘʤʷʪʠè. ʃʀɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʨʪʘʪʠʚʥʦʡ ʪʝʭʥʠʢʠ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʦʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʃʀɸ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʧʦʪʨʝʙʣʝʥʠʷ 

ʣʠʪʠʡʩʦʜʝʨʞʘʱʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʋʯʠʪʳʚʘʷ ʝʛʦ ʤʘʣʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ 

ʧʨʠʨʦʜʝ (~14 ʄʪ) [5] ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʦʩʥʦʚʥʦʤ, 

ʖʞʥʘʷ ɸʤʝʨʠʢʘ), ʨʦʩʪ ʮʝʥ ʥʘ ʃʀɸ ʥʝʠʟʙʝʞʝʥ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʠʣʠ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʃʀɸ ʥʘ ʘʢʢʫʤʫʣʷʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʠʤʝʪʴ ʩʦʠʟʤʝʨʠʤʫʶ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʫʶ ʠʣʠ ʚʦʣʶʤʝʪʨʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ. 

ʄʥʦʛʦʦʙʝʱʘʶʱʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʩʪʫʧʘʶʪ ʥʘʪʨʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ (ʅʀɸ) ʚ ʩʚʷʟʠ 

ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ [6ï9]. ʅʀɸ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ Na
+
/Na

0
 (-2,71 ɺ ʦʪʥ. ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʉɺʕ)) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Li
+
/Li

0
 (-3,04 ɺ ʦʪʥ. ʉɺʕ), ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʘʪʦʤʥʘʷ ʤʘʩʩʘ Na ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Li  (23 ʛ/ʤʦʣʴ Na ʠ 7 ʛ/ʤʦʣʴ Li) ʠ ʙʦʣʴʰʠʡ ʠʦʥʥʳʡ 

ʨʘʜʠʫʩ Na ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Li  (1,02 ¡ ʫ Na
+
 ʠ 0,76 ¡ ʫ Li

+
), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʅʀɸ ʫʩʪʫʧʘʶʪ ʧʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʃʀɸ, ʠʥʪʝʨʝʩ ʢ ʠʭ ʠʟʫʯʝʥʠʶ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʃʀɸ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʧʦʨʪʘʪʠʚʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʷʤ, ʚ ʩʠʩʪʝʤʘʭ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, 

ʚʝʪʨʷʥʳʭ ʤʝʣʴʥʠʮ ʠ ʪ.ʜ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅʀɸ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʦʣʠ. 

ɿʘʯʘʩʪʫʶ ʥʝ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʤ ʣʠʪʠʝʚʳʤ ʘʥʘʣʦʛʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ 

ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʨʦʣʴ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʅʀɸ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ d-ʤʝʪʘʣʣʦʚ 

[10]. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʮʠʢʣʘʭ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ, 

ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʟʘ ʩʯʝʪ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʚʳʩʦʢʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 
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ʤyʢʦʩʪʴʶ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʘʨ M
(n+1)+

/M
n+

 ʠ M
(n+2)+

/M
(n+1)+

. ʈʝʘʣʠʟʘʮʠʷ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʜʦʩʪʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʃʀɸ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʚ ʣʠʪʠʡ-

ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ [11]. ʆʩʥʦʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ Na
+
/Li

+
 ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʦʚʤʝʩʪʥʘʷ 

ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na
+
 ʠ Li

+
 ʚ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ.  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʞʝʣʝʟʦ-

ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ ʥʘʪʨʠʷ Na3FePO4CO3, ʛʠʜʨʦʢʩʦ-

ʩʫʣʴʬʘʪ ʞʝʣʝʟʘ ʥʘʪʨʠʷ NaFe3(SO4)2(OH)6 ʠ ʩʫʣʴʬʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ ʥʘʪʨʠʷ 

NaFe2PO4(SO4)2, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʤʝʪʘʣʣ-

ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʄʀɸ).  

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʞʝʣʝʟʦ-ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ Na3FePO4CO3, 

NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʥʘʯʘʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʆʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʧʦ ʚʣʠʷʥʠʶ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʫʯʝʥ ʚʦʧʨʦʩ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

Na3FePO4CO3 ʠ NaFe2PO4(SO4)2 ʧʨʠ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
. ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʥʘʡʜʝʥʦ ʩʚʝʜʝʥʠʡ ʦʙ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʠ ʩʪʝʧʝʥʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʦʮʝʥʢʝ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Na
+
 ʠʣʠ 

Li
+
) ʠ ʦʧʨʝʜʝʣʝʥʠ ʁʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʜʥʦʬʘʟʥʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ 

ʞʝʣʝʟʦ-ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ NaxFey(A)m(B)n (ʛʜʝ A, B = 

PO4
3-

, SO4
2-

, CO3
2-

, OH
-
); ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʦʚʦʜʷʱʠʭ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʥʘʪʨʠʝʚʳʭ ʠ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ.  
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ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʦʜʥʦʬʘʟʥʳʭ Na3FePO4CO3, 

NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2; 

2. ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ 

ʚ ʥʘʪʨʠʝʚʳʭ ʠ ʣʠʪʠʝʚʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʷʯʝʡʢʘʭ; 

4. ʆʮʝʥʢʘ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠ ʣʠʪʠʷ ʤʝʪʦʜʦʤ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʥʘʪʨʠʷ ʠ ʣʠʪʠʷ); 

5. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ 

ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ; 

6. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʘʥʠʦʥʦʚ ʥʘ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʧʘʨʳ Fe
3+

/Fe
2+

 ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1.  ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Na3FePO4CO3, 

NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʩ ʫʛʣʝʨʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ Na3FePO4CO3 ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʠʚʦʜʠʪ 

ʢ ʦʢʠʩʣʝʥʠʶ Fe ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʪʨʫʢʪʫʨʳ NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ. 

2.  ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʞʝʣʝʟʦ-

ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ 

NaFe2PO4(SO4)2 ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 

ʚ ʩʪʨʫʢʪʫʨʫ Na3FePO4CO3 ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 1,7%, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪ ɹ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ. ɺ ʩʣʫʯʘʝ 

NaFe3(SO4)2(OH)6, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʥʪʝʨʢʘʣʠʨʫʝʤʦʛʦ ʠʦʥʘ (Na
+
 ʠʣʠ Li

+
), ʚ ʭʦʜʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ/ʘʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʘ 

ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʫ NaFe2PO4(SO4)2 ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʦʩʥʦʚʥʦʡ ʬʘʟʳ. 

3.  ʀʟʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ 

NaFe2PO4(SO4)2 ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ Na ʠ Li  ʷʯʝʡʢʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ Li ʷʯʝʡʢʝ ʧʨʦʠʩʭʦʜʠʪ Na
+
/Li

+
 ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠʦʥʥʳʡ ʦʙʤʝʥ, ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʰʘʥʥʳʝ ʥʘʪʨʠʡ/ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʘʚʘ: Na0,44Li 2,56FePO4CO3, Na0,13Li 0,87Fe(SO4)2(OH)6 ʠ Na0,4Li 0,6Fe2PO4(SO4)2. 

4.  ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Na
+
 ʠʣʠ Li

+
) ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʢʘʪʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʫʯʘʝʤʳʭ 

ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʘʥʠʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʞʝʣʝʟʦ-ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʥʘʪʨʠʡ- ʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨ, ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʠʝ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʪʦʯʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʘʤʠ ʈʠʪʚʝʣʴʜʘ ʠ ʃʝ ɹʝʡʣʷ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʷʜʝʨʥʦʛʦ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʠʟʤʝʨʝʥʠʡ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ. ɸʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Li  

ʠ Na) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʟʙʠʝʥʠʷ ʥʘ ʧʦʣʠʵʜʨʳ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ. 

ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʬʘʟ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʮʠʢʣʠʯʝʩʢʦʡ 



8 

ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʠ, ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ. ʇʨʦʚʦʜʠʤʦʩʪʴ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʉʦʝʜʠʥʝʥʠʷ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ: ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʛʣʝʨʦʜʦʤ Na3FePO4CO3/C, 

NaFe3(SO4)2(OH)6/C ʠ NaFe2PO4(SO4)2/C ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ.  

2. ʉʦʝʜʠʥʝʥʠʷ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ NaFe2PO4(SO4)2 ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʢʘʢ ʚ Na, ʪʘʢ ʠ ʚ Li ʷʯʝʡʢʘʭ. ʇʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ Li ʷʯʝʡʢʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na
+
 ʠ Li

+
.  

3. ɺ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ 

NaFe2PO4(SO4)2 ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʘ Na3FePO4CO3 ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
. ʆʙʨʘʪʠʤʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na

+
 

ʠʣʠ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ NaFe3(SO4)2(OH)6, ʧʨʠʚʦʜʠʪ ʢ ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʦʙʨʘʪʠʤʦʤʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ/ʘʤʦʨʬʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ. ʀʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʫ 

NaFe2PO4(SO4)2 ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʦʩʥʦʚʥʦʡ 

ʬʘʟʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ Na2SO4, Na3PO4, Fe. 

4. ɺ ʩʪʨʫʢʪʫʨʘʭ Na3FePO4CO3 ʠ NaFe2PO4(SO4)2 ʥʘʙʣʶʜʘʶʪʩʷ 2D ʠ 3D ʜʠʬʬʫʟʠʦʥʥʳʝ 

ʢʘʥʘʣʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ NaFe3(SO4)2(OH)6 ʢʘʥʘʣʦʚ ʥʝʪ. ɼʚʠʞʝʥʠʝ ʠʦʥʦʚ Na
+
(Li

+
) ʚ 

NaFe3(SO4)2(OH)6 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ ʩʯʝʪ ʧʝʨʝʩʪʨʦʡʢʠ 

ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ.  

5. ʅʘ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ Fe
3+

/Fe
2+

 ʚ ʩʪʨʫʢʪʫʨʘʭ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ 

NaFe2PO4(SO4)2 ʚʣʠʷʶʪ ʩʦʝʜʠʥʝʥʠʝ ʧʦʣʠʵʜʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʠʥʜʫʢʪʠʚʥʳʡ ʵʬʬʝʢʪ.  

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʂ ʪʘʢʠʤ 

ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ʷʜʝʨʥʦʛʦ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ, ʮʠʢʣʠʯʝʩʢʘʷ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʷ ʠ 
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ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʨʳʚʠʩʪʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʤʝʪʦʜ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ, ʤʝʪʦʜ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ çʎʝʦʣʠʪè (ʄʅʀʎʊʄ, ʛ. ʉʘʤʘʨʘ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʜʘʥʥʳʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 6 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʩʠʩʪʝʤʳ ʮʠʪʠʨʦʚʘʥʠʷ Web of 

Science ʠ Scopus. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 8 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

1. V International Conference Fundamental Bases of Mechanochemical Technologies 

(Novosibirsk, Russia, 2018).  

2. V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2018).  

3. III ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʦʪ ʥʦʚʳʭ ʠʜʝʡ ʢ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2019).  

4. XI ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ 

ʵʥʝʨʛʝʪʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2019).  

5. 3-ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020).  

6. 13-ʡ ʩʠʤʧʦʟʠʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè 

(ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020).  

7. XIV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʫʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʥʦʚʘʮʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020).  

8. VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʈʦʩʩʠʡʩʢʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʍʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2021). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ɸʚʪʦʨʦʤ 

ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʠʥʪʝʟ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʙʦʨʢʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʥʠʤʘʣʩʷ ʫʪʦʯʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʝʪʦʜʫ 
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ʈʠʪʚʝʣʴʜʘ ʠ ʨʘʩʰʠʬʨʦʚʢʦʡ ʜʘʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂ), ʦʙʨʘʙʘʪʳʚʘʣ 

ʜʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ), ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʮʠʢʣʠʯʝʩʢʦʡ ʭʨʦʥʦʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ), ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (GITT), ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (ʉʕʀ), 

ʧʨʦʚʦʜʠʣ ʦʮʝʥʢʫ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ 

(ʇɺɼ) ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(ʊʇʌ).  

ɿʘʧʠʩʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. ɸ.ɺ. ʋʭʠʥʦʡ ʠ ʊ.ɸ. ɹʦʨʠʩʝʥʢʦ (ʀʍʊʊʄ 

ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʢ.ʭ.ʥ. ʂ.ɹ. ɻʝʨʘʩʠʤʦʚʳʤ 

(ʀʍʊʊʄ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʳ ʢ.ʭ.ʥ. 

ɸ.ɸ. ʄʘʪʚʠʝʥʢʦ (ʀʍʊʊʄ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʀʂ-ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʳ ʜ.ʬ.-ʤ.ʥ. ʀ.ʖ 

ʇʨʦʩʘʥʦʚʳʤ (ʀʍʊʊʄ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ɿʘʧʠʩʴ ʗɻʈ ʩʧʝʢʪʨʦʚ ʧʨʦʚʝʜʝʥʘ ʚʝʜ. 

ʠʥʞʝʥʝʨʦʤ ʉ.ɸ. ʇʝʪʨʦʚʳʤ (ʀʍʊʊʄ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ). ʗʄʈ-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ 

ʧʦʣʫʯʝʥʳ ʢ.ʬ.-ʤ.ʥ. ɸ.ɹ. ʉʣʦʙʦʜʶʢʦʤ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ). 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ (ʄʅʀʎʊʄ, ʛ. ʉʘʤʘʨʘ) 

ʧʨʠ ʫʯʘʩʪʠʠ ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʂʘʙʘʥʦʚʘ. 

ʆʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘ 136 ʩʪʨʘʥʠʮʘʭ ʠ 

ʩʦʜʝʨʞʠʪ 69 ʨʠʩʫʥʢʦʚ, 12 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʦʭʚʘʪʳʚʘʶʱʠʡ 127 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʛʨʫʧʧʝ çʄʘʪʝʨʠʘʣ rʜʣʷ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚè 

ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʈʘʟʨʘʙʦʪʢʘ ʠ 

ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʠ ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè (ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ17-

117030310277-6) ʠ ʛʨʘʥʪʘ çʉʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʞʝʣʝʟʦ-ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʢʘʢ ʤʘʪʨʠʮʳ ʜʣʷ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚè ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 19-33-90203).  
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ɻʣʘʚʘ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʋʩʪʨʦʡʩʪʚʦ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

1.1.1 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʛʘʣʚɹʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʣʝʞʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʭʠʤʠʯʝʩʢʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʇʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʜʨʫʛʠʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʵʣʝʢʪʨʦʜʥʳʝ ʨʝʘʢʮʠʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʪʠʤʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʤʥʦʛʦʢʨʘʪʥʦ. ʅʘ ʵʣʝʢʪʨʦʜʘʭ ʚ ʤʝʪʘʣʣ-

ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ (ʄʀɸ) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ [2,9]. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʄʀɸ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.1. 

 

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʄʀɸ. 

ʕʣʝʢʪʨʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʪʦʢʦʦʪʚʦʜʘʤʠ ʠ ʨʘʟʜʝʣʝʥʳ ʧʦʨʠʩʪʳʤ 

ʩʝʧʘʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʤʦʯʝʥ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚʳʩʪʫʧʘʝʪ 

ʨʘʩʪʚʦʨ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (LiPF6, NaPF6, NaClO4, KPF6 ʠ ʪ.ʜ.) ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʘʧʨʦʪʦʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʵʪʠʣʝʥʢʘʨʙʦʥʘʪ C3H4O3 (ʕʂ), ʧʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪ C4H6O3 (ʇʂ), 

ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪ C3H6O3 (ɼʄʂ) ʠ ʪ.ʜ.). ʅʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʚ ʄʀɸ ʷʚʣʷʶʪʩʷ ʠʦʥʳ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ A
+
 (Li

+
, Na

+
, K

+
) ʠ ʵʣʝʢʪʨʦʥʳ. ɺ ʨʘʟʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʦʥʳ A
+
 ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʪʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʘ ʧʨʠʣʦʞʝʥʥʘʷ 

ʠʟʚʥʝ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚʳʟʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʚʥʝʰʥʝʡ ʮʝʧʠ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʠʦʥʳ A
+
 ʜʝʠʥʪʝʨʢʘʣʠʨʫʶʪ ʠʟ ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ʚ ʵʣʝʢʪʨʦʣʠʪ ʠ ʤʠʛʨʠʨʫʶʪ ʢ 
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ʘʥʦʜʫ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʢʘʣʷʮʠʝʡ ʚ ʤʘʪʝʨʠʘʣ ʘʥʦʜʘ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʢʘʪʦʜʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʠʦʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ M (Mn, Fe, Co, Ni ʠ ʪ.ʜ.) ʦʢʠʩʣʷʶʪʩʷ M
n+

 Ÿ M
(n+x)+

. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʷʜʘ ʧʨʦʠʩʭʦʜʷʪ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ: ʠʦʥʳ A
+
 ʜʝʠʥʪʝʨʢʘʣʠʨʫʶʪ ʠʟ 

ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʥʦʚʦ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʠʦʥʳ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ.  

ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ: 

xA
+
 + xe

-
 + 6C ᵰ AxC6 (ʥʘ ʘʥʦʜʝ);   A

+
 + e

-
 ᵰ A

0
;                                (1.1ʘ) 

AMO2 ᵰ A1-xMO2 + xA
+
 + xe

-
 (ʥʘ ʢʘʪʦʜʝ);   M

n+
 ᵰ M

(n+x)+
 + xe

-
                     (1.1ʙ) 

ʛʜʝ ʚʝʨʭʥʷʷ ʩʪʨʝʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʷʜʘ, ʘ ʥʠʞʥʷʷ - ʧʨʦʮʝʩʩ ʟʘʨʷʜʘ. ʇʦʣʥʫʶ 

ʨʝʘʢʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

AMO2 + 6ʉ ᵰ A1-xMO2 + AxC6                                              (1.1ʚ) 

ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʀɸ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʠʭ ʢʘʯʝʩʪʚʦ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʀɸ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ (ʅʈʎ) [12]. 

ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

Ὗ̊ ˝ˣ                                                                 (1.2) 

ʛʜʝ ɛK, ɛA ï ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʢʘʪʦʜʘ ʠ ʘʥʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, z ï ʟʘʨʷʜ ʠʦʥʘ A
+
, F = 

96485 ʂʣ/ʤʦʣʴ ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ. ʅʈʎ ʷʯʝʡʢʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʨʘʟʤʝʨʦʤ ʠʣʠ 

ʢʦʥʩʪʨʫʢʮʠʝʡ, ʘ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʙʦʯʝʝ ʞʝ ʥʘʧʨʷʞʝʥʠʝ U 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʢʘ ʨʘʟʨʷʜʘ I (A) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʯʝʡʢʠ R0 (ʆʤ): 

Ὗ Ὗ̊ ˝ˣ ὍὙ                                                            (1.3) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ R0 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

Ὑ Ὑ̞ ̌ Ὑ̄ Ȣ̑ Ὑ̄ Ȣ̑ Ὑ Ὑ                                             (1.4) 

ʛʜʝ Rʛʨ.ɸ, Rʛʨ.ʂ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʨʘʙʦʯʝʛʦ ʠʦʥʘ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʵʣʝʢʪʨʦʣʠʪ ï 

ʵʣʝʢʪʨʦʜ, Rɸ, Rʂ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ, Rɻ ʣ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ Rɻ ʣ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʥʦʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʪʦʣʱʠʥʳ L ʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ S ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʦʤ ʩ 

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ůi: Rɻ ʣ = L/(SĀůi) [13].  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʫʜʝʣʴʥʘʷ ʸʤʢʦʩʪʴ Q ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʫʶ 

ʤʦʞʝʪ ʦʪʜʘʪʴ ʷʯʝʡʢʘ ʚʦ ʚʥʝʰʥʶʶ ʮʝʧʴ ʧʨʠ ʨʘʟʨʷʜʝ. ʈʘʟʤʝʨʥʦʩʪʴ ʫʜʝʣʴʥʦʡ 

ʤyʢʦʩʪʠ - ʘʤʧʝʨ-ʯʘʩ ʥʘ ʢʠʣʦʛʨʘʤʤ (ɸĀʯĀʢʛ
-1
) ʠ ʤʠʣʣʠʘʤʧʝʨ-ʯʘʩ ʥʘ ʛʨʘʤʤ (ʤɸĀʯĀʛ

-1
). 

ɪʤʢʦʩʪʴ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 

ὗ
ȟ

                                                                       (1.5) 
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ʛʜʝ M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʜʘ (ʛĀʤʦʣʴ
-1

), z ï ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, F ï ʧʦʩʪʦʷʥʥʘʷ 

ʌʘʨʘʜʝʷ. 

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ W (ɺʪĀʯĀʢʛ
-1
), ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ 

ʷʯʝʡʢʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʷʯʝʡʢʠ ʠ ʝʸ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʫʜʝʣʴʥʦʡ ʸʤʢʦʩʪʠ Q (ɸĀʯĀʢʛ
-1

 ʠʣʠ ʤɸĀʯĀʛ
-1

): 

ὡ ὟϽὗ                                                                      (1.6) 

ʄʦʱʥʦʩʪʴ P (ɺʪ) ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʩʠʣʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ I ʠ ʥʘʧʨʷʞʝʥʠʷ U ʷʯʝʡʢʠ: 

ὖ ὍϽὟ                                                                       (1.7) 

ʄʦʱʥʦʩʪʴ ʷʯʝʡʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʷʯʝʡʢʘ ʤʦʞʝʪ ʦʪʜʘʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ 

ʵʥʝʨʛʠʶ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ. ɺʝʣʠʯʠʥʘ P ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ 

ʙʳʩʪʨʦ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩʳ ʠʥʪʝʨʢʘʣʷʮʠʠ/ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴʶ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. 

ʉʢʦʨʦʩʪʴ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʷʯʝʝʢ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, 

ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʷʯʝʡʢʫ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʙʦʣʴʰʝʛʦ ʫʜʦʙʩʪʚʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʮʠʢʣʠʨʦʚʘʥʠʷ C/n. ʇʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/n ʧʦʣʥʳʡ 

ʟʘʨʷʜ ʠʣʠ ʨʘʟʨʷʜ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʨʦʪʝʢʘʝʪ ʟʘ ʚʨʝʤʷ n ʯʘʩʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ 1C ʤyʢʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʧʨʠ ʪʦʢʝ ʟʘʨʷʜʘ 

C/20 ʧʦʪʨʝʙʫʝʪʩʷ 20 ʯʘʩʦʚ, ʘ ʧʨʠ 20C ï ʣʠʰʴ 3 ʤʠʥʫʪ.r  

ʈʝʩʫʨʩ ʘʢʢʫʤʫʣʷʪʦʨʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨ, ʧʦʪʝʨʷʚ ʧʨʠ ʵʪʦʤ ʥʝ ʙʦʣʝʝ 20% ʦʪ ʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʨʝʩʫʨʩʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʫʣʦʥʦʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ K (ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʜʘʯʠ ʧʦ ʸʤʢʦʩʪʠ), 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [12]: 

ὑ
̑

̈
ϽρππϷ                                                              (1.8) 

ʛʜʝ Qp, Qʟ ï ʨʘʟʨʷʜʥʘʷ ʠ ʟʘʨʷʜʥʘʷ ʸʤʢʦʩʪʴ. 

1.1.2 ʄʝʭʘʥʠʟʤ r(ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ɼʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ M
(n+x)+

/M
n+

 ʧʦʪʝʥʮʠʘʣ 

ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʨʘʩʪʚʦʨ çʛʦʩʪʷè A
+
 ʚ ʨʝʰʝʪʢʝ-

çʭʦʟʷʠʥʝè MO2, ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ:  

Ὗὼ
Ў

Ƞ˞  
Ў

‘ὃ                                            (1.9) 
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ʛʜʝ ȹG - ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʠʩʪʝʤʳ, x ï ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʜʘ A1-xMO2, z - ʯʠʩʣʦ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʘ F - ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ, ɛ ï ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, 

ʉ ï ʢʦʥʩʪʘʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, U(x) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ 

ʵʣʝʢʪʨʦʜʘ ʦʪ ʩʦʩʪʘʚʘ x ʚ A1-xMO2. 

ʕʣʝʢʪʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʄʀɸ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʪʠʤʦ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʪʴ ʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ: ʜʚʫʭʬʘʟʥʳʡ ʠ ʦʜʥʦʬʘʟʥʳʡ (ʤʝʭʘʥʠʟʤ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ) (ʨʠʩʫʥʦʢ 

1.2). ʆʙʨʘʪʠʤʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʪʦʨʦʡ ʬʘʟʳ; ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʬʘʟ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ. ʆʜʥʦʬʘʟʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʷʜʘ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʜʘ. ʀʩʭʦʜʷ ʠʟ 

ʬʦʨʤʳ ʟʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (1.2), ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʦ ʨʝʘʣʠʟʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʘʚʠʣʘ ʬʘʟ ɻʠʙʙʩʘ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f ʠ ʯʠʩʣʦʤ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ c 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὢ ὧ ὴ ὲ,                                                            (1.10) 

ʛʜʝ p - ʯʠʩʣʦ ʬʘʟ, ʘ n - ʯʠʩʣʦ ʠʥʪʝʥʩʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʠʩʪʝʤʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʬʘʟʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʩʚʷʟʘʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ (n = 2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʚʠʣʦ ʬʘʟ ɻʠʙʙʩʘ ʠʤʝʝʪ 

ʫʧʨʦʱʝʥʥʫʶ ʬʦʨʤʫ: 

Ὢ ὧ ὴ ς,                                                            (1.11) 

ʕʣʝʢʪʨʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʠʥʘʨʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʠʦʥʦʚ 

ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ A
+
 ʠ ʤʘʪʨʠʮʳ MO2 (c = 2). ʇʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʫʨʘʚʥʝʥʠʝ (1.10) ʠʤʝʝʪ ʚʠʜ: 

Ὢ ς ὴ,                                                                (1.12) 

ɺ ʩʣʫʯʘʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʯʠʩʣʦ ʬʘʟ p = 1, ʪʦʛʜʘ 

ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f = 1; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ A
+
, ɓ < x < Ŭ (ʨʠʩʫʥʦʢ 1.2ʘ,ʙ). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʜʚʫʭʬʘʟʥʦʤ ʤʝʭʘʥʠʟʤʝ Ŭ < x < ɓ (ʨʠʩʫʥʦʢ 1.2ʘ,ʙ) p = 2, ʪʘʢ ʯʪʦ f = 

0, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʠʢʘʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʥʝ ʠʤʝʝʪ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʷʯʝʡʢʠ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʪ̫ʴʩʷ. ʀʥʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ U(x) ʠʤʝʝʪ 

ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʪʦ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʞʝ 

ʨʝʟʢʠʭ ʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1.2ʚ,ʛ). 
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ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ æG(x) (ʘ,ʚ) ʠ ʟʘʚʠʩʠʤʦʩʪʠ 

U(x), ʦʪʨʘʞʘʶʱʝʝ ʚʠʜ ʢʨʠʚʦʡ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠʥʪʝʨʢʘʣʷʮʠʠ: (ʙ) 

ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ɓ < ʭ < Ŭ), ʨʘʟʜʝʣʸʥʥʳʭ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʴʶ (Ŭ < ʭ < ɓ); (ʛ) 

ʯʝʨʝʜʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʬʘʟʥʳʭ ʠ ʜʚʫʭʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ [13]. 
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1.2. ʉʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʫʪʝʤ çʢʘʪʠʦʥʥʦʡ ʠʥʞʝʥʝʨʠʠè, ʪ.ʝ. ʢʦʤʙʠʥʘʮʠʝʡ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ M
(n+1)+

/M
n+

. ʀʥʪʝʥʩʠʚʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ 

ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʄʀɸ ʧʨʠʚʝʣ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʘʥʠʦʥʘ [10]. ʅʘʩʪʨʦʡʢʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʘʨʳ M
(n+1)+

/M
n+

 ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʞʝʪ ʦʩʫʱʝʪʩʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, ʪ.ʝ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ï 

çʘʥʠʦʥʥʦʡ ʠʥʞʝʥʝʨʠʠè. ʇʦʜʢʣʘʩʩ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʚʝʩʪʝʥ ʢʘʢ çʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ: 

¶ ʢʦʤʙʠʥʘʮʠʠ ʘʥʠʦʥʦʚ (XO4)m
n-

Y
n-
, ʛʜʝ X = P, S, Si ʠ ʪ. ʜ., Y = F

ī
; OH

ī
; O
2ī

; N
3ī

; 

¶ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʢʩʠʘʥʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, PO4ïP2O7, 

BO3ïB2O5, SO4ïS2O3 ʠ ʪ.ʜ.; 

¶ ʜʚʫʭ ʨʘʟʥʳʭ ʦʢʩʠʘʥʠʦʥʥʳʭ ʟʚʝʥʴʝʚ (XOy)m
n-

, ʥʘʧʨʠʤʝʨ, PO4ïSO4, PO4ïNO3, PO4ï

CO3 ʠ ʪ. ʜ.).  

ʉʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʣʝʯʴ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʄʀɸ. ʂʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʘʥʠʦʥʦʚ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʩʯʝʪ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʘʥʠʦʥʦʚ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ.  

ʉʨʝʜʠ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʧʨʠʦʙʨʝʣʠ ʦʢʩʠʘʥʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʜʚʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʘʥʠʦʥʘ. ʂ ʪʘʢʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ, ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʳ, ʛʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʳ, 

ʩʫʣʴʬʘʪ-ʬʦʩʬʘʪʳ ʠ ʪ.ʜ. ʈʠʩʫʥʦʢ 1.3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʪʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʅʀɸ ʠ ʃʀɸ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʠ ʩʨʝʜʥʝʛʦ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠ,̫ ʣʝʞʘʱʝʛʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 2,5 ʜʦ 4,5 ɺ. ʆʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.1 ʠ ʦʧʠʩʘʥʦ ʜʘʣʝʝ.  
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ʈʠʩʫʥʦʢ 1.3 - ʉʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣ rʜʣʷ ʅʀɸ ʠ ʃʀɸ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʨʘʙʦʯʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ/ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʤyʢʦʩʪʴ.  

 

0

25

50

75

100

125

150

175

200

225

N
a 2

Fe(
C 2

O 4
)S

O 4
Å
H2O

N
H 4

FeP
O 4

N
O 3

N
aF

e 2
PO 4

(S
O 4

) 2

N
aF

e 3
(S

O 4
) 2
(O

H
) 6

N
a 7

V 4
(P 2

O 7
) 4
PO 4

N
a 4

C
o 3

(P
O 4

) 2
P 2

O 7

N
a 4

N
i 3
(P

O 4
) 2
P 2

O 7

N
a 4

M
n 3

(P
O 4

) 2
P 2

O 7

N
a 4

Fe 3
(P

O 4
) 2
P 2

O 7

N
a 3

N
iP

O 4
C
O 3

N
a 3

C
oP

O 4
C
O 3

N
a 3

FeP
O 4

C
O 3

ʋ
ʜ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʸ
ʤ
ʢ
ʦ
ʩ
ʪ
ʴ
,
 
ʤ
ɸ

Ŀ
ʯ
Ŀ
ʛ

-1

 ʊʝʦʨ.

 ʕʢʩʧ.

N
a 3

M
nP

O 4
C
O 3

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
,
 
ɺ

0

2

4

6

8

10

 ʅʘʧʨʷʞ.

0

25

50

75

100

125

150

175

200

225

KFe 3
(S

O 4
) 2
(O

H
) 6

N
H 4

Fe 3
(S

O 4
) 2
(O

H
) 6

N
a 3

FeP
O 4

C
O 3

Li 9
V 3

(P 2
O 7

) 3
(P

O 4
) 2

Li 9
Fe 3

(P 2
O 7

) 3
(P

O 4
) 2

N
H 4

FeP
O 4

N
O 3

Li
Fe 2

PO 4
(S

O 4
) 2

N
aF

e 3
(S

O 4
) 2
(O

H
) 6

N
a 7

V 4
(P 2

O 7
) 4
PO 4

N
a 4

C
o 3

(P
O 4

) 2
P 2

O 7

N
a 4

Fe 3
(P

O 4
) 2
P 2

O 7

ʋ
ʜ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 
ʸ
ʤ
ʢ
ʦ
ʩ
ʪ
ʴ
,
 
ʤ
ɸ

Ŀ
ʯ
Ŀ
ʛ

-1

 ʊʝʦʨ.

 ʕʢʩʧ.

Li 9
C
r 3
(P 2

O 7
) 3
(P

O 4
) 2

0

2

4

6

8

10

 ʅʘʧʨʷʞ.

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
,
 
ɺ

ʅʀɸ ʃʀɸ



18 

ʊʘʙʣʠʮʘ 1.1 - ʉʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʅʀɸ ʠ ʃʀɸ (C - ʫʛʣʝʨʦʜ; rGO - ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ; 

MWCNT - ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ). 

ʄʘʪʝʨʠʘʣʳ 
ʄʝʪʦʜ 

ʩʠʥʪʝʟʘ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ 
U (ɺ) 

ʋʜʝʣʴʥʘʷ 

ʸʤʢʦʩʪʴ 

(ʤɸĀʯĀʛ
-1

) 

ʕʣʝʢʪʨʦʣʠʪ 

ʉʦʭʨʘʥʝʥʠʝ 

ʸʤʢʦʩʪʠ 

(ʤɸĀʯĀʛ
-1

) 

ɻʦʜ ʃʠʪʝʨʘʪʫʨʘ 

ʂʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ 

Na3MnPO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,4; 4,0 125 (C/100) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
95 (15

ʡ
 ʮʠʢʣ) 2013 [14] 

Na3MnPO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,4; 4,0 176,7 (C/100) 

1M NaPF6 ʚ 

ʇʂ:ʌʕʂ (2ʦʙ.%) 
- 2015 [15] 

Na3MnPO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,4 155 (C/30) 

1M NaPF6 ʚ 

ʇʂ:ʌʕʂ (2ʦʙ.%) 
- 2015 [16] 

Na3MnPO4CO3/rGO ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,5; 4,0 156 (C/30) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
- 2016 [17] 

Na3MnPO4CO3/rGO ʄʍʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,5; 4,0 141 (C/30) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
114 (15

ʡ
 ʮʠʢʣ) 2016 [18] 

Na3MnPO4CO3 ʄʍʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
3,4; 4,0 135 (C/30) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
98 (30

 ʡ
 ʮʠʢʣ

 
) 2019 [19] 

Na3MnPO4CO3 ʄʍʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
- 116 (C/2) 

17ʄʣ NaClO4 ʚ 

H2O 
- 2019 [19] 

Li 3FePO4CO3 

ɻʊʉ + 

Na
+
/Li

+
 

ʦʙʤʝʥ 

ʊʨʠʢʣʠʥʥʘʷ 

P-1 
3,0 110 (C/5) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

100 

(50
 ʡ
 ʮʠʢʣ) 

2012 [20] 

Li 3Fe0,2Mn0,8PO4CO3 

ɻʊʉ + 

Na
+
/Li

+
 

ʦʙʤʝʥ 

ʊʨʠʢʣʠʥʥʘʷ 

P-1 
3,0; 4,0 147 (C/50) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
100 

(25
 ʡ
 ʮʠʢʣ) 

2013 [21] 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.1 

Na2,24FePO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
2,7 121 (C/10) 1M NaClO4 ʚ ʇʂ 90 (40

 ʡ
 ʮʠʢʣ) 2014 [22] 

Na2FePO4CO3 ʄɻʊʉ ɸʤʦʨʬʥʳʡ 3,0 125(10 ʤɸĀʛ
-1

) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (3:7)+ 

ʌʕʂ (5 ʤʘʩʩ.%) 

100 

(50
 ʡ
 ʮʠʢʣ) 

2020 [23] 

Na3FePO4CO3 ʄʍʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
2,7; 4,0 124 (0,4 ʤɸĀʩʤ

-2
) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

113 

(30
 ʡ
 ʮʠʢʣ) 

2020 [24] 

Na3FePO4CO3 ʄʍʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
- 161 (2 ʤɸĀʩʤ

-2
) 

17ʄʣ NaClO4 ʚ 

ʚʦʜʥʳʡ ʨ-ʨ. 

105 

(30
 ʡ
 ʮʠʢʣ) 

2020 [24] 

Na3CoPO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
4,0 70 (0,4 ʤɸĀʩʤ

-2
) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
48 (15

 ʡ
 ʮʠʢʣ) 2019 [25] 

Na3NiPO4CO3 ɻʊʉ 
ʄʦʥʦʢʣʠʥʥʘʷ 

P21/m 
4,1 29 (0,4 ʤɸĀʩʤ

-2
) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
16 (15

 ʡ
 ʮʠʢʣ) 2019 [25] 

ʆʨʪʦʧʠʨʦʬʦʩʬʘʪʳ 

Li 9Cr3(P2O7)3(PO4)2 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 
4,8 53,8 (5 ʤɸĀʛ

-1
) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

43,4 

(30
 ʡ
 ʮʠʢʣ) 

2011 [26] 

Li 9Fe3(P2O7)3(PO4)2/C 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 
2,8 60 (C/15) 

1M LiPF6 ʚ 

ʕʂ:ɼʕʂ (1:1) 
52 (30

 ʡ
 ʮʠʢʣ) 2014 [27] 

Li 9V3(P2O7)3(PO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 
3,7; 4,5 110 (C/10) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
95 (30

 ʡ
 ʮʠʢʣ) 2011 [28] 

Li 9V3-xCrx(P2O7)3(PO4)2 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 

3,75; 

4,56 
87 (C/10) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
- 2011 [29] 

Li 9V3(P2O7)3(PO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 
3,7; 4,5 110 (C/10) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

100 

(25
 ʡ
 ʮʠʢʣ) 

2017 [30] 

Li 9V3(P2O7)3(PO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-3c1 
3,7; 4,5 100 (C/10) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
92 (50

 ʡ
 ʮʠʢʣ) 2017 [31] 
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Li 3NaFe3(PO4)2(P2O7) 

ʊʌʉ + 

Na
+
/Li

+
 

ʦʙʤʝʥ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
3,4 140 (C/5) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

120 

(100
 ʡ
 ʮʠʢʣ) 

2012 [32] 

Na4Fe3(PO4)2(P2O7) ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
3,2 106 (C/20) 1M NaClO4 ʚ ʇʂ 

101 

(20
 ʡ
 ʮʠʢʣ) 

2013 [33] 

Na4Fe3(PO4)2(P2O7)/C 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 

2,9; 

3,1; 3,2 
98 (C/2) 

1M NaClO4 ʚ 

ʇʂ:ʌʕʂ (2 ʦʙ%) 

87 

(300
 ʡ
 ʮʠʢʣ) 

2016 [34] 

Na4Fe3(PO4)2P2O7 ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
2,9; 3,2

 
104 (C/5) 

1M NaClO4 ʚ 

ʕʂ:ʇʂ (2:1) 

82 

(50
 ʡ
 ʮʠʢʣ) 

2018 [35] 

Na4Fe3(PO4)2P2O7 ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
2,6,;3,2 95 (C/5) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

75 

(50
 ʡ
 ʮʠʢʣ) 

2018 [35] 

Na4Fe3(PO4)2(P2O7)@AC/rGO 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
2,8; 3,2 86 (20C) 

1M NaClO4 ʚ 

ʇʂ:ʌʕʂ (2 ʦʙ%) 

70 

(300
 ʡ
 ʮʠʢʣ) 

2018 [36] 

Na4Fe3(PO4)2(P2O7)/C 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
2,8; 3,4 81 (20C) 

1M NaClO4 ʚ 

ʕʂ:ʇʂ(1:1)+ 

ʌʕʂ (2 ʦʙ%) 

56 

(4400
 ʡ
 ʮʠʢʣ) 

2019 [37] 

Na4Mn3(PO4)2(P2O7) ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
3,8 109 (C/5) 

1M NaPF6 ʚ 

ʕʂ:ʇʂ (1:1) 

89 

(100
 ʡ
 ʮʠʢʣ) 

2015 [38] 

Na4MnFe2(PO4)(P2O7) ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
2,8; 3,9 83 (1C) 

1M NaBF4 ʚ 

ʕʂ:ʇʂ (1:1) 

69,5 

(3000
 ʡ
 ʮʠʢʣ) 

2016 [39] 

Na4Co3(PO4)2P2O7 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
4,6 95 (C/5) 

1M NaPF6 ʚ 

ʕʂ:ɼʕʂ (1:1) 

92 

(100
 ʡ
 ʮʠʢʣ) 

2013 [40] 

Na1.4Co3(PO4)2P2O7 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
4,6 100 (C/5) 

1M LiPF6 ʚ 

ʕʂ:ʕʄʂ:ɼʄʂ 

(3:4:3) 

70 (50
 ʡ
 ʮʠʢʣ) 2014 [41] 

Na4Co2,4Mn0,3Ni0,3(PO4)2P2O7 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
4,2; 4,6 104 (2C) 

1M NaPF6 ʚ 

ʕʂ:ɼʕʂ (1:1) 
95 (10

 ʡ
 ʮʠʢʣ) 2013 [42] 



21 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.1 

Na4Co3-xAl x(PO4)2P2O7 ʄʈʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
4,4 78 (30C) 

1M NaPF6 ʚ 

ʕʂ:ɼʕʂ (1:1)+ 

ʌʕʂ (5%) 

65 

(4400
 ʡ
 ʮʠʢʣ) 

2019 [43] 

Na4Co3(PO4)2P2O7/MWCNT 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
~4,5 92 (ʉ/10) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
80 (50

ʡ
 ʮʠʢʣ) 2020 [44] 

Na4Ni3(PO4)2(P2O7) ʊʌʉ 
ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pn21a 
4,8 63 (10 ʤɸĀʛ

-1
) 

NaTFSI ʚ 

Py13FSI (1:9 

ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ) 

- 2017 [45] 

Na4Ni3(PO4)2(P2O7) 
ɿʦʣʴ-

ʛʝʣʴ 

ʆʨʪʦʨʦʤʙʠʯʝʩʢʘʷ 

Pna21 
4,8 72 (ʉ/10) 

1M NaPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
51 (40

ʡ
 ʮʠʢʣ) 2020 [46] 

Na7V4(P2O7)4PO4 ʊʌʉ 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 73,6 (C/20) 

1M NaClO4 ʚ 

ʕʂ:ʇʂ (1:1) 

67,7 

(50
 ʡ
 ʮʠʢʣ) 

2014 [47] 

Na7V4(P2O7)4PO4 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 92,1 (C/20) 1M NaClO4 ʚ ʇʂ 

83 

(200
 ʡ
 ʮʠʢʣ) 

2014 [48] 

Na7V4(P2O7)4(PO4)/C 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 91,4 (C/20) 1M NaClO4 ʚ ʇʂ 

89,7 

(100
 ʡ
 ʮʠʢʣ) 

2014 [49] 

Na7V4(P2O7)4(PO4)/C 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 91,8 (C/20) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 

86,3 

(100
 ʡ
 ʮʠʢʣ) 

2014 [49] 

Na7V4(P2O7)4PO4 ʊʌʉ 
ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 85 (C/2) 1M NaClO4 ʚ ʇʂ 

83,5 

(300
 ʡ
 ʮʠʢʣ) 

2016 [50] 

Na7V4(P2O7)4PO4 
ɿʦʣʴ-

ʛʝʣʴ 

ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ 

P-421c 
3,9 87 (C/2) 

1M NaClO4 ʚ 

ʕʂ:ɼʕʂ:ɼʄʉ 

(1:1:1) 

83 

(300
 ʡ
 ʮʠʢʣ) 

2018 [51] 
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ɻʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʳ 

NaFe3(SO4)2(OH)6 ɻʊʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
2,8 110 (C/20) 

1M LiPF6 ʚ 

ʕʂ:ʕʄʂ 

110 

(10
 ʡ
 ʮʠʢʣ) 

2014 [52] 

NaFe3(SO4)2(OH)6 ɻʊʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
2,7 120 (C/20) 1M NaClO4 ʚ ʇʂ 120 (20

ʡ
 ʮʠʢʣ) 2015 [53] 

NaFe3(SO4)2(OH)6 ɻʊʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
2,7 120 (C/50) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
120 (20

ʡ
 ʮʠʢʣ) 2016 [54] 

NH4Fe3(SO4)2(OH)6 ɻʊʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
2,7 110 (C/50) 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
55 (20

 ʡ
 ʮʠʢʣ) 2016 [54] 

KFe3(SO4)2(OH)6 MC 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
- 

1787 

(100 ʤɸĀʛ
-1

) 

1M LiPF6 ʚ 

ʕʂ:ɼʕʂ (1:1) 

1350 

(600
 ʡ
 ʮʠʢʣ) 

2015 [55] 

KFe3(SO4)2(OH)6 MC 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3m 
2,0; 2,6 135 (C/10) 

1M LiPF6 ʚ 

ʕʂ:ɼʕʂ (1:1) 

122 

(50
 ʡ
 ʮʠʢʣ) 

2015 [56] 

ʉʫʣʴʬʘʪ-ʬʦʩʬʘʪʳ 

LiFe2PO4(SO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3c 
3,2 

110 

(0,1 ʤɸ/ʩʤ
2
) 

1 M LiClO4 ʚ 

ʇʂ:ɼʄʕ (1:1) 

100 

(25
 ʡ
 ʮʠʢʣ) 

1998 [57] 

NaFe2PO4(SO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3c 
3,0 80 (C/10) 

1M NaClO4 ʚ ʇʂ 

+ ʌʕʂ (10%) 

100 

(50
 ʡ
 ʮʠʢʣ) 

2016 [58] 

NaFe2PO4(SO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3c 
3,0 86 (C/5) 

1M NaPF6 ʚ 

ʇʂ:ʌʕʂ (2ʦʙ.%) 

56 

(30
 ʡ
 ʮʠʢʣ) 

2018 [59] 

Na0,84Ca0,08Fe2PO4(SO4)2 ʊʌʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

R-3c 
3,1 

121 

(25 ʤɸĀʛ
-1

) 

1M NaClO4 ʚ ʇʂ 

ʌʕʂ (10 ʤʘʩʩ.%) 

57 

(100
 ʡ
 ʮʠʢʣ) 

2021 [60] 
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ʅʠʪʨʘʪ-ʬʦʩʬʘʪʳ 

NH4FePO4NO3 ɻʊʉ 
ʊʨʠʢʣʠʥʥʘʷ 

P-1 
2,7

 
90 (C/50) 

1M NaClO4 ʚ 

ʕʂ:ɼʄʂ (1:1) 
- 2016 [61] 

(NH4)0,75Li 0,25FePO4NO3 ɻʊʉ 
ʊʨʠʢʣʠʥʥʘʷ 

P-1 
2,9 

95 (C/50)
 

 

1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1) 
- 2016 [61] 

ʉʫʣʴʬʘʪ-ʦʢʩʘʣʘʪʳ 

Na2Fe(C2O4)SO4ĿH2O ɻʊʉ 
ʊʨʠʛʦʥʘʣʴʥʘʷ 

P-62m 
3,2; 3,7 120 (C/2) 

1M NaClO4 ʚ 

ʇʂ: ʌʕʂ (3%) 

75 

(500
 ʡ
 ʮʠʢʣ) 

2020 [62] 
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1.2.1 ʂʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʷ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ (ʊʌʇ), 

Hautier ʩ ʩʦʘʚʪʦʨʘʤʠ [63] ʧʨʦʚʝʣʠ ʧʦʠʩʢ ʥʦʚʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʥʘʪʨʠʡ- ʠ 

ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʧʨʝʜʩʢʘʟʘʥʘ ʩʝʨʠʷ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ AxM(XO4)(YO3), ʛʜʝ A = Na, Li; X = Si, As, P, S; Y = C, B; M = ʧʝʨʝʭʦʜʥʳʡ 

ʤʝʪʘʣʣ; ʠ x = 0-3 (ʨʠʩʫʥʦʢ 1.4 ). 

 

ʈʠʩʫʥʦʢ 1.4 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ AxM(XO4)(YO3) [63]. 

ʈʠʩʫʥʦʢ 1.4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ AxM(XO4)(YO3). 

ʉʚʝʪʣʳʝ ʮʚʝʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʝ, ʘ ʪʝʤʥʳʝ ʮʚʝʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ɿʥʘʢ ç/è ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪ.ʝ. ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ ʟʘʨʷʜʫ, ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʩʭʦʜʷʪʩʷ.  

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʩʧʝʢʪʨʘ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ Na3MPO4CO3 (M=Mn, Fe, Co, Ni). ʕʪʦ 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʦʚ, 

ʥʘʟʳʚʘʝʤʳʭ çʩʠʜʦʨʝʥʢʠʪè [64] ʠ çʙʦʥʰʪʝʜʪʠʪè [65]. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ 

Na3MPO4CO3 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ [66] ʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ [18,19,24]. 

ʂʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ (ʇɻʉ) P21/m (ʨʠʩʫʥʦʢ 1.5). ʉʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʩʦʩʪʦʠʪ ʠʟ PO4 
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ʪʝʪʨʘʵʜʨʦʚ ʠ MO6 ʦʢʪʘʵʜʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʚʦʡʥʳʝ ʩʣʦʠ. CO3 ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʳ ʩ MO6 

ʦʢʪʘʵʜʨʘʤʠ ʯʝʨʝʟ ʦʙʱʫʶ ʛʨʘʥʴ. ɸʪʦʤʳ Na ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʜʚʦʡʥʳʤʠ ʩʣʦʷʤʠ ʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ, ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʠʩʣʦʨʦʜʦʤ: 

ʩʝʤʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ Na(1) (4f) ʠ ʰʝʩʪʠʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ Na(2) (2e).  

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʪʨʫʢʪʫʨʘ Na3MPO4CO3 (M = Mn, Fe, Co, Ni) ʚ ʧʣʦʩʢʦʩʪʠ (100) (ʘ) ʠ (010) (ʙ). 

 

1.2.1.1. Na3MnPO4CO3 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʦʚ [66] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. Chen ʩ ʩʦʘʚʪʦʨʘʤʠ [14] ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʤʘʨʛʘʥʮʘ-ʥʘʪʨʠʷ Na3MnPO4CO3 ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 2,0-4,4 ɺ ʦʪʥ. 

Na
+
/Na

0
 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ 1M NaPF6 ʚ ʕʂ:ɼʄʂ (1:1). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

Na3MnPO4CO3 ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʢʦʡ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ, ʨʘʚʥʦʡ 125 ʤɸĀʯĀʛ
-1

, ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/100 (ʨʠʩʫʥʦʢ 1.6ʘ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ~66% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ (191 ʤɸĀʯĀʛ
-

1
 ʥʘ 2 Na) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʢʘʣʷʮʠʠ 1,3 Na ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ (ʬ.ʝʜ.). ʇʨʠ 

ʮʠʢʣʠʨʦʚʘʥʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʜʚʫʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʘʨ Mn
3+

/Mn
2+

 ʠ Mn
4+

/Mn
3+

 ʩʦ ʩʨʝʜʥʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 3,4 ɺ ʠ 4,0 ɺ ʦʪʥ. 

Na
+
/Na

0
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 1.6ʙ). 
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ʈʠʩʫʥʦʢ 1.6 - ɿʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʳʝ ʢʨʠʚʳʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘ ʧʝʨʚʦʤ, ʚʪʦʨʦʤ ʠ ʜʝʩʷʪʦʤ ʮʠʢʣʘʭ 

(C/100) (ʘ). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʤyʢʦʩʪʠ dQ/dV ʧʝʨʚʦʛʦ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʚʪʦʨʦʛʦ 

(ʩʠʥʷʷ ʣʠʥʠʷ) ʮʠʢʣʦʚ (ʙ) [14].  

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ Na3MnPO4CO3 ʙʳʣ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ (16-53 ʤʘʩʩ.%) [15]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʷʜʥʦʡ ʤyʢʦʩʪʠ Na3MnPO4CO3 ʜʦ 176,7 ʤɸĀʯĀʛ
-1

, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 92,5% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ Na(2)-Mn [16]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ Na3MnPO4CO3 ʩ ʫʛʣʝʨʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥr ʤ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ (rGO) Na3MnPO4CO3/rGO ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ Hassanzadeh c 

ʩʦʘʚʪʦʨʘʤʠ [17].  

ɼʦʙʘʚʣʝʥʠʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (GO) ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʝ ʦʢʠʩʣʝʥʠʝ Mn
2+
ŸMn

3+
 ʚʦ 

ʚʨʝʤʷ ʩʠʥʪʝʟʘ. ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Na3MnPO4CO3/rGO ʨʘʚʥʘ 156 

ʤɸĀʯĀʛ
-1

 (C/30), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 82% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʙʝʟʫʛʣʝʨʦʜʥʦʛʦ 

Na3MnPO4CO3 ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 67,4 ʤɸĀʯĀʛ
-1

 (ʉ/30). ɸʚʪʦʨʳ [17] ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʪʘʢʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʴʶ Na3MnPO4CO3 ʠ Na3MnPO4CO3/rGO ʚ ʦʩʥʦʚʥʦʤ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ:  

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʡ ʤʘʪʨʠʮʳ;  

¶ ʥʘʥʦʩʣʦʠ rGO ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠ ʁ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ Na3MnPO4CO3 ʚʦ 

ʚʨʝʤʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ;  

¶ ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Na3MnPO4CO3 ʠ ʩʣʦʷʤʠ rGO ʦʙʣʝʛʯʘʶʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

¶ ʥʘʯʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ Mn ʩʦʩʪʘʚʣʷʝʪ 2+, ʯʪʦ ʚʳʟʳʚʘʝʪ ʘʢʪʠʚʘʮʠʶ ʜʚʫʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʘʨ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ: Mn
3+

/Mn
2+

 ʠ 

Mn
4+

/Mn
3+

.  
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ɺ ʜʘʣʴʥʝʡʰʝʤ Hassanzadeh ʩ ʩʦʘʚʪʦʨʘʤʠ [5] ʧʨʝʜʣʦʞʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤʫ ʩʠʥʪʝʟʫ, ʧʦʣʫʯʠʚ Na3MnPO4CO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʇʨʷʤʦʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ (Pulverisette 7, Fritsch). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʟʘ Na3MnPO4CO3 ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʫʞʝ ʧʦʩʣʝ ʦʜʥʦʛʦ ʯʘʩʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʩʥʦʚʥʦʡ ʬʘʟʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʩʦʣʠ, 

ʢʦʪʦʨʳʝ ʩ ʣʝʛʢʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ ʧʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʈʘʟʨʷʜʥʳʝ 

ʤyʢʦʩʪʠ ʜʣʷ Na3MnPO4CO3 ʠ Na3MnPO4CO3/rGO (C/30) ʩʦʩʪʘʚʣʷʶʪ 103 ʤɸ ʯ ʛ
-1
 ʠ 141 ʤɸ ʯ ʛ

-1
, 

ʯʪʦ ʩʦʠʟʤʝʨʠʤʦ ʩ ʤyʢʦʩʪʷʤʠ ʜʣʷ Na3MnPO4CO3, ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ. 

Xie c ʩʦʘʚʪʦʨʘʤʠ [19] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʚʦʜʥʳʭ ʩʦʣʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʫʣʫʯʰʘʝʪ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ 

Na3MnPO4CO3 ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚʳʙʦʨ ʧʨʝʢʫʨʩʦʨʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ 

ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʜʣʷ Na3MnPO4CO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʠʣʠ 

ʙʝʟʚʦʜʥʳʭ ʩʦʣʝʡ, ʩʦʩʪʘʚʣʷʝʪ 57 ʤɸĀʯĀʛ
-1

 ʠ 116 ʤɸĀʯĀʛ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 1.7).  

 

ʈʠʩʫʥʦʢ 1.7 - ɿʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʳʝ ʢʨʠʚʳʝ ʮʠʢʣʠʨʦʚʘʥʠʷ Na3MnPO4CO3, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ (ʘ) MnCO3 ʠ (ʙ) Mn(NO3)2Ā4H2O [19]. 

1.2.1.2. Na3FePO4CO3 

ɺ 2014 ʛʦʜʫ Huang ʠ ʩʦʘʚʪʦʨʳ [22] ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ-ʥʘʪʨʠʷ 

Na3FePO4CO3, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʘʪʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʅʀɸ. ɸʚʪʦʨʳ 

ʚʳʧʦʣʥʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

Na3FePO4CO3 ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʧʣʦʭʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴ.ʁ ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ Na3FePO4CO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʜʦʙʘʚʣʝʥʠʝʤ ʭʝʣʘʪʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, 
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ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʜʦʣʴ ʦʩʠ b ʠʣʠ c. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʥʘʧʨʷʞʝʥʠʡ 2,0-4,55 ɺ ʦʪʥ. Na
+
/Na

0
 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪʘ 1M NaClO4 ʚ ʇʂ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ ʧʝʨʚʦʤ ʟʘʨʷʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʠʢʘ. ʇʠʢ ʦʢʦʣʦ 2,7 ɺ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʝ Fe
3+

/Fe
2+

, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʰʠʨʦʢʠʡ ʧʠʢ ʧʨʠ 4,2 ɺ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʨʘʙʦʪʦʡ ʧʘʨʳ Fe
4+

/Fe
3+
. ʆʜʥʘʢʦ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʚʦʣʴʪʦʚrʡ ʧʠʢ (Fe
4+

/Fe
3+
) ʠʩʯʝʟʘʝʪ. ʈʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ 

ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʚʥʘ 121 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 63% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ (191 ʤɸĀʯĀʛ

-1
 ʥʘ 

2 Na). Na3FePO4CO3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ. 

ʇʦʩʣʝ 50 ʮʠʢʣʦʚ ʦʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ ʨʘʚʥʷʣʘʩʴ 96 ʤɸĀʯĀʛ
-1
. ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʸʤʢʦʩʪʠ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ 200 ʤɸĀʛ
-1

 (1ʉ=100 ʤɸĀʛ
-1

) 

ʦʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ Na3FePO4CO3 ʩʦʩʪʘʚʣʷʣʘ 58 ʤɸĀʯĀʛ
-1

. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʦʣʫʯʝʥʠʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ Fe
4+

/Fe
3+

 ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ [22]. 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ Na3MnPO4CO3, ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ Na3FePO4CO3 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ [24]. ɺ ʢʘʯʝʩʪʚʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨʘ ʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ NaFePO4 (ʤʘʨʠʮʠʪ), ʧʦʩʢʦʣʴʢʫ FeCO3 ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ. 

ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Na3FePO4CO3 ʨʘʚʥʷʣʘʩʴ 124 ʤɸĀʯĀʛ
-1

 ʧʨʠ 25 ÁC ʠ 159 ʤɸĀʯĀʛ
-1

 ʧʨʠ 60 ÁC.  

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʤ ʩʠʥʪʝʟʦʤ [63]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Li 3FePO4CO3 ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ Chen ʩ 

ʩʦʘʚʪʦʨʘʤʠ [20]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ ʯʪʦ ʦʙʨʘʙʦʪʢʘ Na3FePO4CO3 ʚ 2ʄ LiBr (ʛʝʢʩʘʥʦʣ-1) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 110 Áʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ Li 3FePO4CO3 (ʇɻʉ ʈ-1) ʙʝʟ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ ʩʪʨʫʢʪʫʨʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʠʦʥʥʳʡ ʦʙʤʝʥ ʜʣʷ 

Na3MnPO4CO3 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ. ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Li 3FePO4CO3 ʨʘʚʥʘ 110 ʤɸĀʯĀʛ
-1
 

(ʉ/5), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 96% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ. ʇʦʩʣʝ ʜʚʘʜʮʘʪʦʛʦ ʮʠʢʣʘ ʟʥʘʯʝʥʠʝ ʤyʢʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 100 ʤɸĀʯĀʛ
-1 
ʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʊʘʢʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Li 3FePO4CO3 ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʃʀɸ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʥʳʡ ʦʙʤʝʥ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʧʦʣʥʦʩʪʴʶ. ʆʩʪʘʪʦʯʥʳʡ 

Na (~24%) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ ʜʦ 16 ʤɸĀʯĀʛ
-1

. 

 

1.2.1.3. Na3MPO4CO3 (M = Co, Ni) 

ʅʘʨʷʜʫ ʩ Na3MnPO4CO3 ʠ Na3FePO4CO3, ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ Na3CoPO4CO3 ʠ 

Na3NiPO4CO3 ʙʳʣʠ ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 
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ʩʠʥʪʝʟʘ. Xie ʩ ʩʦʘʚʪʦʨʘʤʠ [25] ʚʧʝʨʚʳʝ ʠʟʫʯʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʢʘʨʙʦʥʘʪ-

ʬʦʩʬʘʪʦʚ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ Na3CoPO4CO3 ʩ ʫʛʣʝʨʦʜʦʤ (400 ʦʙ/ʤʠʥ, 4 ʯʘʩʘ) ʝʛʦ 

ʥʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʩ 30 ʤɸĀʯĀʛ
-1

 ʜʦ 70 ʤɸĀʯĀʛ
-1

, ʙʣʘʛʦʜʘʨʷ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ ʜʣʷ Na3NiPO4CO3 ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʝ ʧʨʠʚʝʣʘ ʢ 

ʩʭʦʞʝʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ Na3NiPO4CO3 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʙʦʯʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

Na3NiPO4CO3 ʤʦʛʫʪ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʰʠʨʦʢʠʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʦʢʥʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

1.2.2 ʆʨʪʦʧʠʨʦʬʦʩʬʘʪʳ 

1.2.2.1. Li9M3(P2O7)3(PO4)2 (M=Cr, Fe, V) 

ʉʣʦʠʩʪʳʝ ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʳ Li 9M3(P2O7)3(PO4)2 (M = Al , Ga, Cr, Fe) ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʳ ʚ 1998 ʛʦʜʫ [67], ʘ ʧʦʟʜʥʝʝ ʧʦʣʫʯʝʥ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ Li 9V3(P2O7)3(PO4)2 [28ï31,68]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʝ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʦʣʴ-ʛʝʣʴ [26,27,29], 

ʪʚʝʨʜʦʬʘʟʥʳʤ [30,31,68] ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ [69] ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ. 

Li 9M3(P2O7)3(PO4)2 ʠʤʝʝʪ ʜʚʫʤʝʨʥʫʶ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ (ʇɻʉ P-3c1), ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 

ʩʦʙʦʡ ʙʝʩʢʦʥʝʯʥʳʝ ʘʥʠʦʥʥʳʝ ʩʣʦʠ [(VP2O7)3(PO4)2]
9-

, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ (001), ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʠʦʥʳ Li
+
 (ʨʠʩʫʥʦʢ 1.8). ʃʠʪʠʡ ʟʘʥʠʤʘʝʪ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ: Li(1) (2b), Li(2) (4d) ʠ Li(3) (12g). ʇʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʦʜʥʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ M (6f). ɺʦʩʝʤʴ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʟʘʥʠʤʘʶʪ ʜʚʝ 

ʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ P(1) (4d) ʠ P(2) (12g). ɼʚʘʜʮʘʪʴ ʜʝʚʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʰʝʩʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ: O(1) (4d), O(2) (6f), O(3) (12g), O(4) (12g), 

O(5) (12g) ʠ O(6) (12g).  

 

 

ʈʠʩʫʥʦʢ 1.8 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʧʨʦʝʢʮʠʠ ʧʦ ʦʩʠ b (ʘ) ʠ ʦʩʠ c (ʙ) [28]. 
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Xu ʩ ʩʦʘʚʪʦʨʘʤʠ [26] ʚʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

Li 9Cr3(P2O7)3(PO4)2 ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 1,2-4,9 ɺ ʦʪʥ. Li
+
/Li

0
 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1M LiPF6 ʚ 

ʕʂ:ɼʄʂ (1:1 ʦʙ.%) ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, 

ʟʘʨʷʜʥʘʷ ʠ ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʚʥʳ 70,9 ʤɸĀʯĀʛ
-1

 ʠ 53,8 ʤɸĀʯĀʛ
-1
 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 5 ʤɸĀʛ
-1

). ʇʦʩʣʝ 30 ʮʠʢʣʦʚ ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 

43,4 ʤɸĀʯĀʛ
-1

, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 83,8% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (1,29Ā10
-7

 ʉʤĀʩʤ
-1

) ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʤʝʞʜʫ ʟʘʨʷʜʥʦʡ ʠ 

ʨʘʟʨʷʜʥʦʡ ʢʨʠʚʳʤʠ ʮʠʢʣʠʨʦʚʘʥʠʷ [26].  

ʀʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ Li 9Fe3(P2O7)3(PO4)2 ʚʧʝʨʚʳʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ Gao ʩ 

ʩʦʘʚʪʦʨʘʤʠ [27] ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 1,5-4,8 ɺ ʦʪʥ. Li
+
/Li

0
 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1M LiPF6 ʚ 

ʕʂ:ɼʄʂ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/30 (1C = 85 ʤɸĀʛ
-1

). ɺ ʩʚʷʟʠ ʩ 

ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (10
-9

 ʉʤĀʩʤ
-1
) ʧʨʘʢʪʠʯʝʩʢʘʷ ʤyʢʦʩʪʴ Li 9Fe3(P2O7)3(PO4)2 

ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ 36 ʤɸĀʯĀʛ
-1

 (ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ 85 ʤɸĀʯĀʛ
-1

). ɼʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʛʣʝʨʦʜʥʦʝ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ɸʚʪʦʨʳ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʘʪʦʜʥʦʡ ʤʘʩʩʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʨʘʟʨʷʜʥʦʡ ʤyʢʦʩʪʠ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʠʣʦ 10 ʤʘʩʩ.%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ 

Li 9Fe3(P2O7)3(PO4)2/C ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ 60 ʤɸĀʯĀʛ
-1

. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʘʨʳ Fe
3+

/Fe
2+

 ʨʘʚʝʥ 2,75 ɺ ʦʪʥ. Li
+
/Li

0
. 

ʅʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʤʝʜʣʝʥʥʦʡ ʤʠʛʨʘʮʠʝʡ ʠʦʥʦʚ Li
+
 ʚ 

ʩʪʨʫʢʪʫʨʝ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚʝʣʠʯʠʥʘ DLi+ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10
-18

 ʜʦ 10
-15

 ʩʤ
2
Āʩ

-1
 

[27]. ʊʘʢʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʠʯʠʥʦʡ 

ʥʝʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʸʤʢʦʩʪʠ.  

ʉʨʝʜʠ ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʭ ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʦʚ Li 9V3(P2O7)3(PO4)2 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʥʳʤ ʢʘʪʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ (173 ʤɸĀʯĀʛ
-1

) [28ï31,68]. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

Li 9V3(P2O7)3(PO4)2 ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʜʠʘʧʘʟʦʥʘʭ ʥʘʧʨʷʞʝʥʠʡ 2,0-4,6 ɺ ʠ 2,0-4,8 ɺ ʦʪʥ. Li
+
/Li

0
 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 1M LiPF6 ʚ ʕʂ:ɼʄʂ (1:1 ʦʙ.%). ʉʦʛʣʘʩʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʜʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʘʨʳ V
4+

/V
3+

 (3,74-3,77 ɺ) ʠ V
5+

/V
4+

 (4,46-4,51 ɺ) (ʨʠʩʫʥʦʢ 1.9). ɿʘʨʷʜʥʘʷ ʠ 

ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʪʁ 114 ʤɸĀʯĀʛ
-1 
ʠ 110 ʤɸĀʯĀʛ

-1
, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʯʝʪʳʨʝʭ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ Li 9V3(P2O7)3(PO4)2. ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠ ʸʤʢʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʪʘʙʠʣʠʟʠʨʫʷʩʴ ʥʘ ʟʥʘʯʝʥʠʠ 95 

ʤɸĀʯĀʛ
-1

 (30
ʡ
 ʮʠʢʣ). 
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ʈʠʩʫʥʦʢ 1.9 - ʂʨʠʚʳʝ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ (a), ʧʨʦʬʠʣʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ (ʙ) 

Li 9V3(P2O7)3(PO4)2 ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 2,0-4,6 ɺ [28]. 

ʇʨʠʯʠʥʦʡ ʚʳʩʦʢʦʡ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ Li 9V3(P2O7)3(PO4)2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Li 9Cr3(P2O7)3(PO4)2 ʠ Li 9Fe3(P2O7)3(PO4)2 ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʝʘʣʠʟʘʮʠʷ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʘʨ (V
4+

/V
3+ 
ʠ V

5+
/V

4+
), ʥʦ ʪʘʢʞʝ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ [68]. ʉʦʙʩʪʚʝʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ Li 9V3(P2O7)3(PO4)2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 1,43Ā10
-8

 

ʉʤĀʩʤ
-1

. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ DLi+ ʚ ʩʪʨʫʢʪʫʨʝ Li 9V3(P2O7)3(PO4)2 ʙʳʣ ʦʮʝʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ (ʉʕʀ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʮʠʢʣʠʨʦʚʘʥʠʷ [68]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʠʤʧʝʜʘʥʩʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ DLi+ ʨʘʚʝʥ 4,19Ā10
-10

 

ʩʤ
2
Āʩ

-1
, 9,44Ā10

-13
 ʩʤ

2
Āʩ

-1
, 2,29Ā10

-11
 ʩʤ

2
Āʩ

-1
 ʠ 1,51Ā10

-14
 ʩʤ

2
Āʩ

-1
 ʚ ʪʦʯʢʘʭ ʥʘ ʢʨʠʚʦʡ ʮʠʢʣʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʶ 3,40, 3,77, 4,10 ʠ 4,52 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

DLi+ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Li 9Cr3(P2O7)3(PO4)2 ʠ 

Li 9Fe3(P2O7)3(PO4). 

Balasubramanian ʩ ʩʦʘʚʪʦʨʘʤʠ [30] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Li 9V3(P2O7)3(PO4)2. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʦʚ 

Li 9V3(P2O7)3(PO4)2 ʩ 249 ʥʤ ʜʦ 40 ʥʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ ʩ 75 ʜʦ 

100 ʤɸĀʯĀʛ
-1 
(ʉ/10). ʎʠʢʣʠʨʦʚʘʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʠʪʘ ʥʘ ʨʘʟʨʷʜʥʫʶ ʤyʢʦʩʪʴ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 5ʉ ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ 

Li 9V3(P2O7)3(PO4)2 (40 ʥʤ) ʨʘʚʥʘ 75 ʤɸĀʯĀʛ
-1
, ʪʦʛʜʘ ʢʘʢ ʜʣʷ Li 9V3(P2O7)3(PO4)2 (249 ʥʤ) ʸʤʢʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 50 ʤɸĀʯĀʛ
-1

. ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʮʠʢʣʠʨʦʚʘʥʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 4,8 ɺ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʣʘʪʦ ʥʘ ʢʨʠʚʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʨʷʜʥʦʡ 

ʤyʢʦʩʪʠ ʜʦ 126 ʤɸĀʯĀʛ
-1

 [30,31]. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʢʫʣʦʥʦʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

Li 9V3(P2O7)3(PO4)2 ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʨʘʪʠʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 
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ʥʘʧʨʷʞʝʥʠʷ. ɼʠʘʧʘʟʦʥ 2,0-4,6 ɺ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʮʠʢʣʠʚʘʥʠʷ 

Li 9V3(P2O7)3(PO4)2. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ Li 9V3(P2O7)3(PO4)2 Xu ʩ ʩʦʘʚʪʦʨʘʤʠ [29] 

ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʝʛʦ ʧʫʪʝʤ ʜʦʧʠʨʦʚʘʥʠʷ ʭʨʦʤʦʤ, ʧʦʣʫʯʠʚ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Li 9V3-

xCrx(P2O7)3(PO4)2 (x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5). ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʠʨʦʚʘʥʠʷ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʫʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʷ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚ Li 9V2,8Cr0,2(P2O7)3(PO4)2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʠʙʦʣʴʰʫʶ ʤyʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ Li 9V3(P2O7)3(PO4)2  ʠ ʜʨʫʛʠʤʠ ʩʦʩʪʘʚʘʤʠ Li 9V3-

xCrx(P2O7)3(PO4)2 (ʨʠʩʫʥʦʢ 1.10).  

 

ʈʠʩʫʥʦʢ 1.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʤyʢʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʮʠʢʣʘ ʦʙʨʘʟʮʦʚ Li 9V3-xCrx(P2O7)3(PO4)2 

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ [29]. 

1.2.2.2. Na4M3(PO4)2P2O7 (M=Fe, Mn, Co, Ni) 

ʆʨʪʦʧʠʨʦʬʦʩʬʘʪʳ ʥʘʪʨʠʷ Na4M3(PO4)2P2O7 (M = Fe, Mn, Ni, Co) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʳʨʴʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʚʳʩʦʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ M
(n+1)+

/M
n+

 ʦʪʥ. Na
+
/Na

0
, ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʣʠʯʠʝʤ 

ʪʨʝʭʤʝʨʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ Na
+
, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʘʪʝʨʠʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʢʣʠʨʦʚʘʥʠʷ 

Na4M3(PO4)2P2O7 ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ [32ï37,70ï73].  

Na4M3(PO4)2P2O7 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʇɻʉ Pna21). ʀʦʥʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʢʪʘʵʜʨʘʭ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ PO4 ʪʝʪʨʘʵʜʨʘʤʠ, ʦʙʨʘʟʫʷ 

ʩʣʦʠ ʚ ʧʣʦʩʢʦʩʪʠ bc. ʕʪʠ ʩʣʦʠ ʩʦʝʜʠʥʝʥʳ ʧʠʨʦʬʦʩʬʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ P2O7 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʘ, 

ʦʙʨʘʟʫʷ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʀʦʥʳ Na
+
 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʯʝʪʳʨʝʭ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ 

Na(1)-Na(4), ʘ ʠʦʥʳ M
n+

 - ʚ ʪʨʸʭ (ʨʠʩʫʥʦʢ 1.11).  
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ʈʠʩʫʥʦʢ 1.11 - ʉʪʨʫʢʪʫʨʘ Na4M3(PO4)2P2O7. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ Na4M3(PO4)2P2O7 ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ, ʟʦʣʴ-ʛʝʣʴ, ʤʝʪʦʜ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʫʰʢʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʡ ʪʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʠ ʧʨʝʢʫʨʩʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ Na4M3(PO4)2P2O7 ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, 

ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ Na4M3(PO4)2P2O7 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Fe (3,2 ɺ) < Mn (3,5 ɺ) < Co (4,5 ɺ) < Ni (4,9 ɺ) [71] (ʨʠʩʫʥʦʢ 1.12ʘ ), ʘ 

ʟʥʘʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 129 ʤɸĀʯĀʛ
-1

 (ʚ ʨʘʩʯʝʪʝ ʥʘ 3 Na) ʜʦ 170 

ʤɸĀʯĀʛ
-1

 (4 Na). ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʩʨʝʜʠ ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʦʚ 

Na4M3(PO4)2P2O7 ʥʘʠʙʦʣʴʰʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

Na4Mn3(PO4)2P2O7 (ʨʠʩʫʥʦʢ 1.12ʙ).  

 

ʈʠʩʫʥʦʢ 1.12 - ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Na4M3(PO4)2(P2O7) (M = Fe, Mn, Ni, Co) 

[74]. 
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ʆʮʝʥʢʘ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʘʭ Na4M3(PO4)2P2O7 ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ Wood ʩ 

ʩʦʘʚʪʦʨʘʤʠ [71]. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ DNa+, ʨʘʩʩʯʠʪʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʨʘʚʝʥ 6,1Ā10
-11

 ʩʤ
2
Āʩ

-1
, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʜʨʫʛʠʭ ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ DNa+ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤʠ [36].  

Na4Fe3(PO4)2P2O7 

ʉʨʝʜʠ ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʦʚ ʥʘʪʨʠʷ Na4Fe3(PO4)2P2O7 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʘʪʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ, ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ (ʤʦʱʥʦʩʪʠ) ʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ 

(ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. Kim ʩ ʩʦʘʚʪʦʨʘʤʠ [33] ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʣʠ 

Na4Fe3(PO4)2P2O7 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʅʀɸ ʠ ʠʟʫʯʠʣʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ 

Na4Fe3(PO4)2P2O7 ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʚʥʘ 104 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 81% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤyʢʦʩʪʠ (129 ʤɸĀʯĀʛ
-1
) ʧʨʠ ʩʨʝʜʥʝʤ ʥʘʧʨʷʞʝʥʠʠ 3,2 ɺ ʦʪʥ. Na

+
/Na

0
. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ ʸʤʢʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʮʠʢʣʠʨʦʚʘʥʠʠ.  

ʅʘʥʦʯʘʩʪʠʮʳ Na4Fe3(PO4)2P2O7, ʧʦʢʨʳʪʳʝ ʫʛʣʝʨʦʜʦʤ ʠ ʩʦʝʜʠʥʸʥʥʳʝ ʩ ʛʨʘʬʝʥʦʤ, ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ Ma ʩ ʩʦʘʚʪʦʨʘʤʠ [36]. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 

Na4Fe3(PO4)2P2O7-ʉ/rGO ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʯʘʣʴʥʫʶ ʨʘʟʨʷʜʥʫʶ ʤyʢʦʩʪʴ 122 ʤɸĀʯĀʛ
-1

 (ʉ/10), 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʠʥʪʝʨʢʘʣʷʮʠʠ 2,84 Na
+
 ʥʘ ʬ.ʝʜ., ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʧʣʘʪʦ ʥʘ ʢʨʠʚʦʡ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠ 3,22 ɺ, 3,09 ɺ ʠ 2,90 ɺ ʦʪʥ. Na
+
/Na

0
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (rGO) ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʘʚʪʦʨʳ 

ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Na4Fe3(PO4)2P2O7-ʉ ʠ 

Na4Fe3(PO4)2P2O7-ʉ/rGO ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ ʨʘʟʨʷʜʥʳʝ ʸʤʢʦʩʪʠ Na4Fe3(PO4)2P2O7-ʉ ʠ 

Na4Fe3(PO4)2P2O7-ʉ/rGO ʨʘʚʥʳ 104 ʤɸĀʯĀʛ
-1

 ʠ 107 ʤɸĀʯĀʛ
-1

 ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/2. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʦ 20C ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʣʠʷʥʠʝ rGO. ɼʣʷ 

Na4Fe3(PO4)2P2O7-ʉ/rGO ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ, ʨʘʚʥʘ ̫78 ʤɸĀʯĀʛ
-1

, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Na4Fe3(PO4)2P2O7-ʉ ʨʘʚʥʘ 51 ʤɸĀʯĀʛ
-1

. ɺʦʟʚʨʘʪ ʢ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʉ/2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʨʷʜʥʳʝ ʸʤʢʦʩʪʠ Na4Fe3(PO4)2P2O7-ʉ ʠ 

Na4Fe3(PO4)2P2O7-ʉ/rGO ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʜʦ 96 ʠ 105 ʤɸĀʯĀʛ
-1

. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ 

ʦʢʩʠʜ ʛʨʘʬʝʥʘ rGO ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʤyʢʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -15 Áʉ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ 
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ʸʤʢʦʩʪʠ ʜʦ 18 ʤɸĀʯĀʛ
-1

 ʠ 42 ʤɸĀʯĀʛ
-1

 (20C) ʜʣʷ Na4Fe3(PO4)2P2O7-ʉ ʠ Na4Fe3(PO4)2P2O7-ʉ/rGO 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ Na4Fe3(PO4)2P2O7-

ʉ/rGO ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʸʤʢʦʩʪʠ, ʨʘʚʥʦʡ 83% ʠ 89% ʧʦʩʣʝ 300 ʮʠʢʣʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 30 ÁC ʠ -15 ÁC. Wu ʩ ʩʦʘʚʪʦʨʘʤʠ [34] ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ Na4Fe3(PO4)2P2O7/ʉ. ʄʘʪʝʨʠʘʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʷʜʥʫʶ ʤyʢʦʩʪʴ 98 

ʤɸĀʯĀʛ
-1

 (ʉ/2, 25 ÁC) ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ, ʩʦʭʨʘʥʷʷ 89% ʦʪ ʥʘʯʘʣʴʥʦʡ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ 

ʧʦʩʣʝ 300 ʮʠʢʣʦʚ.  

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
, ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʠʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na4Fe3(PO4)2P2O7 ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 4% [33]. 

ɼʦʧʠʨʦʚʘʥʠʝ Na4Fe3(PO4)2(P2O7) ʠʦʥʘʤʠ Mn
2+

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Na4MnxFe3-

x(PO4)2(P2O7) (x = 1 ʠʣʠ 2) ʫʣʫʯʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ [39]. ʀʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʨʘʚʥʦ Ḑ2% 

(ʜʣʷ x = 1) ʠ Ḑ4% (ʜʣʷ x = 2) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʤʝʱʝʥʠʝ ʜʚʫʭ ʘʪʦʤʦʚ Fe ʥʘ Mn ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʦʜʥʦʛʦ ʘʪʦʤʘ Fe ʥʘ Mn 

ʩʪʨʫʢʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
. ʇʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ 

Na4MnxFe3-x(PO4)2(P2O7) ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʘʨʳ Fe
3+

/Fe
2+

 (3,2 ɺ) ʠ 

Mn
3+

/Mn
2+

 (3,8 ɺ). ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ ʤʘʨʛʘʥʮʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʘʨʳ Fe
3+

/Fe
2+

 ʥʘ Ḑ0,2 ɺ. ɸʢʪʠʚʘʮʠʷ 

ʧʘʨʳ Mn
3+

/Mn
2+ 
ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʘʨʳ Fe

3+
/Fe

2+
 

ʫʣʫʯʰʘʶʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

Na4MnFe2(PO4)2(P2O7) ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ 1C. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ 83% ʦʪ ʥʘʯʘʣʴʥʦʡ ʤyʢʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ 3000 ʮʠʢʣʦʚ ʩ 

ʢʫʣʦʥʦʚʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʨʘʚʥʦʡ 99,8%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʘʪʦʤʘ Fe ʥʘ 

ʘʪʦʤ Mn ʚ ʩʪʨʫʢʪʫʨʝ Na4Fe3(PO4)2P2O7 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʚ ʧʨʦʮʝʩʩʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Na4MnxFe3-x(PO4)2(P2O7). 

ɹʣʘʛʦʜʘʨʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʸʤʢʦʩʪʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ, Na4Fe3(PO4)2P2O7 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʥʳʭ 

ʷʯʝʡʢʘʭ: Na4Fe3(PO4)2P2O7 || NaClO4 || Fe3O4 ʠ Na4Fe3(PO4)2P2O7 || NaClO4 || HC (HC - çhard 

carbonè, ʪʚʝʨʜʳʡ ʫʛʣʝʨʦʜ) [37]. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʥʳʭ ʷʯʝʝʢ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, 

ʨʘʚʥʦʡ 100 ʤɸĀʛ
-1

, ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 0,1-4,0 ɺ. ʆʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ ʧʦʣʥʦʡ ʷʯʝʡʢʠ 

Na4Fe3(PO4)2P2O7) || NaClO4 || Fe3O4 ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʩʦʩʪʘʚʣʷʝʪ 225 ʤɸĀʯĀʛ
-1

. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ, 76,9% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ 500 ʮʠʢʣʦʚ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 100 ʤɸĀʛ
-1

. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʯʝʡʢʠ 

Na4Fe3(PO4)2P2O7 || NaClO4 || HC ʫʩʪʫʧʘʶʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʷʯʝʡʢʠ 
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Na4Fe3(PO4)2P2O7 || NaClO4 || Fe3O4. ɪʤʢʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦ ʧʘʜʘʝʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʮʠʢʣʦʚ. 

ʇʦʩʣʝ 120 ʮʠʢʣʦʚ (ʧʨʠ 100 ʤɸĀʛ
-1

) ʨʝʘʣʠʟʫʝʪʩʷ ʚʩʝʛʦ ʣʠʰʴ 50% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ. 

ʆʜʥʘʢʦ ʄʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [36] ʧʦʣʫʯʠʣʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʟʨʷʜʥʫʶ ʸʤʢʦʩʪʴ ʧʦʣʥʦʡ ʷʯʝʡʢʠ 

Na4Fe3(PO4)2P2O7 || NaClO4 || HC, ʨʘʚʥʫʶ 102 ʤɸĀʯĀʛ
-1

 (0,2ʉ). ʇʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 1,5ʉ 

ʧʦʣʥʘʷ ʷʯʝʡʢʘ ʩ HC ʘʥʦʜʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʨʷʜʥʫʶ ʤyʢʦʩʪʴ, ʨʘʚʥʫʶ 84 ʤɸĀʯĀʛ
-1
. ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʩʦʭʨʘʥʷʝʪʩʷ 94% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ (132 ʮʠʢʣ) [36]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ Na4Fe3(PO4)2P2O7 ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ Na4Fe3(PO4)2P2O7 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʥʘʪʨʠʡ-ʠʦʥʥʳʭ 

ʤʠʢʨʦʘʢʢʫʤʫʣʷʪʦʨʦʚ [72]. 

Na4Mn3(PO4)2P2O7 

ʆʨʪʦʧʠʨʦʬʦʩʬʘʪ ʤʘʨʛʘʥʮʘ ʥʘʪʨʠʷ Na4Mn3(PO4)2P2O7 ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ 3,84 ɺ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʚʳʩʦʢʠʤ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʤʘʨʛʘʥʝʮʩʦʜʝʨʞʘʱʠʭ ʢʘʪʦʜʦʚ ʜʣʷ ʅʀɸ. ʇʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʢʨʠʚʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʪʨʠ ʘʥʦʜʥʳʭ ʧʠʢʘ ʧʨʠ 3,96 ɺ, 

3,89 ɺ ʠ 3,85 ɺ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʢʘʪʦʜʥʳʤ ʧʠʢʘʤ ʧʨʠ 3,87 ɺ, 3,77 ɺ ʠ 3,64 ɺ. Na4Mn3(PO4)2P2O7 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʨʘʪʠʤʫʶ ʸʤʢʦʩʪʴ 121 ʤɸĀʯĀʛ
-1

 (Qʪʝʦʨ. = 129,55 ʤɸĀʯĀʛ
-1

) ʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

416 ɺʪĀʯĀʢʛ
-1

 (C/20) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC [38]. ʇʨʠ 25 ÁC ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʦʩʪʠʛʘʝʪ 385 

ɺʪĀʯĀʢʛ
-1

. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦʩʣʝ 100 ʮʠʢʣʦʚ ʩʦʭʨʘʥʷʝʪʩʷ 86% ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʉ/5 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC. ʀʟʤʝʨʝʥʠʷ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ Na4Mn3(PO4)2P2O7 ʩʦʭʨʘʥʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʤyʢʦʩʪʴ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ 60 ÁC. ʇʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ 2ʉ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 112 ʤɸĀʯĀʛ
-1

 (60 ÁC), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʸʤʢʦʩʪʴ 90 

ʤɸĀʯĀʛ
-1

 (1ʉ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤyʢʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 10C ʧʨʠ ʦʙʝʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na4Mn3(PO4)2P2O7 ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ Na4Fe3(PO4)2P2O7 ʦʥʦ ʨʘʚʥʦ ʚʩʝʛʦ 4%. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ 

ʨʘʟʣʠʯʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʦʢʪʘʵʜʨʦʚ MnO6 ʚ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʘ 

(ʵʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ). ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʊʌʇ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ Na4Mn3(PO4)2P2O7 ʚ ʧʨʦʮʝʩʩʝ 

ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʠ (çconvex hullè) [38] ʘʚʪʦʨʘʤʠ 

ʙʳʣʘ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Na
+
 ʚ ʩʪʨʫʢʪʫʨʝ (ʨʠʩʫʥʦʢ 

1.13). ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ, ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʧʝʨʚʳʭ ʜʚʫʭ ʠʦʥʦʚ Na
+
 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʪʨʝʪʴʝʛʦ ʠʦʥʘ Na
+
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ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ.  

 

ʈʠʩʫʥʦʢ 1.13 - ʇʦʩʪʨʦʝʥʠʝ ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʠ ʜʣʷ Na4Mn3(PO4)2P2O7 [38]. 

Na4Co3(PO4)2P2O7 

Na4Co3(PO4)2P2O7 ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʦʚrʤ ʢʘʪʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦ ʩʨʝʜʥʠʤ ʨʘʙʦʯʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 4,5 ɺ ʠ ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ɸʚʪʦʨʳ 

[40] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʯʝʪʳʨʝ ʠʦʥʘ Na
+
. ʈʝʘʣʠʟʘʮʠʷ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʜʚʫʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʘʨ Co
4+

/Co
3+

 ʠ Co
3+

/Co
2+
. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ Na4Co3(PO4)2P2O7 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 3,0 ʜʦ 4,7 ɺ ʦʪʥ. Na
+
/Na

0
 ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/5. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʦʙʨʘʪʠʤʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʜʣʷ Na4Co3(PO4)2P2O7 ʨʘʚʥʘ 95 ʤɸĀʯĀʛ
-1

, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 56% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ (Qʪʝʦʨ. = 170 ʤɸĀʯĀʛ
-1

). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʦ 25ʉ ʦʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ Na4Co3(PO4)2P2O7 ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 80 ʤɸĀʯĀʛ
-1 
ʚ 

ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 2,0-5,0 ɺ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʷ ʷʯʝʡʢʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʞʠʜʘʝʤʦʝ ʧʨʦʪʝʢʘʥʠʝ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ ʨʝʘʢʮʠʠ, ʥʘ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʘʝʪ ʦʜʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʧʘʨʘ 

Co
3+

/Co
2+

.  

Kumar ʩ ʩʦʘʚʪʦʨʘʤʠ [44] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 

Na4Co3(PO4)2(P2O7)/MWCNT (MWCNT - ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ) ʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʡ ʷʯʝʡʢʠ Na4Co3(PO4)2P2O7/MWCNT || NaPF6 || 

NaTi2(PO4)3/MWCNT ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 0,5-3,25 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/5. 

ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 78 ʤɸĀʯĀʛ
-1 

 ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 50 ʤɸĀʯĀʛ
-1 
ʧʦʩʣʝ 40 
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ʮʠʢʣʦʚ. ʇʦʣʥʘʷ ʷʯʝʡʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʧʦʨʷʜʢʘ 2,25 ɺ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʟʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʦʚ ʘʥʦʜʘ ʠ ʢʘʪʦʜʘ.  

ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Na4Co3(PO4)2P2O7, 

ʧʨʝʜʣʦʞʝʥʥʳʡ Liu ʩ ʩʦʘʚʪʦʨʘʤʠ [43], ʩʦʩʪʦʷʣ ʚ ʩʠʥʪʝʟʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Al ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʯʘʩʪʠʮ. ʄʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ ʙʳʣʘ 

ʦʪʨʝʛʫʣʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 5% Al ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

Na3,85Co2,85Al0,15(PO4)2P2O7 ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ 

ʩʢʦʨʦʩʪʠ ʉ/2 ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Na3,85Co2,85Al 0,15(PO4)2P2O7 ʨʘʚʥʘ 100 ʤɸĀʯĀʛ
-1
. ʋʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʩʪʦ ʨʘʟ (50ʉ) ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʸʤʢʦʩʪʠ ʜʦ 73 

ʤɸĀʯĀʛ
-1

. Na3,85Co2,85Al0,15(PO4)2P2O7 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ. 96% 

ʸʤʢʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ 900
ʛʦ

 ʮʠʢʣʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 10C ʠ 83% ʧʦʩʣʝ 8000
ʛʦ

 

ʮʠʢʣʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 30C. ɺ ʩʚʷʟʠ ʩ ʭʦʨʦʰʠʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ Na3,85Co2,85Al0,15(PO4)2P2O7 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥ r ʧʦʣʥʳʝ ʷʯʝʡʢʠ ʩ ʪʚyʨʜʳʤ 

ʫʛʣʝʨʦʜʦʤ (HC) ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ. ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 71 ʤɸĀʯĀʛ
-1

 (30C) ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪ,ɹ ʯʪʦ 

Na3,85Co2,85Al0,15(PO4)2P2O7 ʧʦʢʘʟʳʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ~4,4 ɺ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ [43]. 

Na4Ni3(PO4)2P2O7 

ʀʟʦʩʪʨʫʢʪʫʨʥʳʡ Na4Ni3(PO4)2P2O7 ʪʘʢʞʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʅʀɸ [45,46]. ʅʘʥʝʩʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʯʘʩʪʠʮʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʪʠʤʫʶ ʠʥʪʝʨʢʘʣʷʮʠʶ 1,3 Na
+
 ʧʨʠ 

ʨʘʙʦʯʝʤ ʧʦʪʝʥʮʠʘʣʝ ʜʦ 4,8 ɺ ʦʪʥ. Na
+
/Na

0
 [45]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ rGO ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʘʛʝʥʪʘ ʠ 1ʄ NaPF6 ʚ ʕʂ:ɼʄʂ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʸʤʢʦʩʪʴ ʥʘ ʟʥʘʯʝʥʠʠ 51 ʤɸĀʯĀʛ
-1

 ʧʦʩʣʝ 40 ʮʠʢʣʦʚ [46]. 

ɼʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na4Ni3(PO4)2P2O7 ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ Na(1) ʠ Na(4) ʠʟ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘ ʠ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘ 1,6%. ʂ ʩʦʞʘʣʝʥʠʶ, 

Na4Ni3(PO4)2P2O7 ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʯʝʤ ʝʛʦ ʘʥʘʣʦʛʠ, ʪʘʢ ʢʘʢ ʨʘʙʦʯʠʡ ʧʦʪʝʥʮʠʘʣ 

ʧʨʝʚʳʰʘʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʥʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʦʧʠʨʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Na4Co2,4Mn0,3Ni0,3(PO4)2P2O7 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʜʚʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʠʢʘ 

ʧʨʠ 4,2 ɺ ʠ 4,6 ɺ ʠ ʚʳʩʦʢʫʶ ʸʤʢʦʩʪ ɹ 103 ʤɸĀʯĀʛ
-1

 (5ʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ [42].  
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ʎʠʢʣʠʨʦʚʘʥʠʝ ʚ Li ʷʯʝʡʢʝ 

ʆʨʪʦʧʠʨʦʬʦʩʬʘʪʳ ʥʘʪʨʠʷ Na4M3(PO4)2P2O7 (M = Fe, Co) ʠʟʫʯʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʃʀɸ. ʃʠʪʠʝʚʳʡ ʘʥʘʣʦʛ Li3NaFe3(PO4)2P2O7 ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ Na4Fe3(PO4)2P2O7 ʚ ʨʘʩʪʚʦʨʝ LiBr [32]. ʊʨʠ ʠʦʥʘ Na
+
 ʙʳʣʠ ʫʩʧʝʰʥʦ ʟʘʤʝʱʝʥʳ 

ʠʦʥʘʤʠ Li
+
 ʚ ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ 

Li 3NaFe3(PO4)2P2O7 ʚ Li  ʷʯʝʡʢʝ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ Na ʚ ʩʪʨʫʢʪʫʨʝ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʩʪʘʪʦʯʥʳʝ ʠʦʥʳ Na
+
 ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ çʩʪʦʣʙʦʚè (pillars) ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʅʘ 

ʧʝʨʚʦʤ ʮʠʢʣʝ ʨʝʘʣʠʟʫʝʪʩʷ 92% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʉ/20 ʠ 

ʩʨʝʜʥʝʤ ʥʘʧʨʷʞʝʥʠʠ 3,4 ɺ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʝʪʚʝʨʪʳʡ ʠʦʥ Na
+
 ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʦʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʚʝʨʭʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ.  

ɺ ʨʘʙʦʪʝ [35] ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+ 
ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ 

ʮʠʢʣʠʨʦʚʘʥʠʠ Na4Fe3(PO4)2P2O7 ʚ Li  ʷʯʝʡʢʝ. ʅʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʸʤʢʦʩʪʠ 

Na4Fe3(PO4)2P2O7 ʯʝʪʢʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʪʨʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʠʢʘ ʧʨʠ ~3,22 ɺ, 3,32 ɺ ʠ 3,43 ɺ ʠ 

ʦʜʠʥ ʰʠʨʦʢʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʠʢ ʧʨʠ ~3,17 ɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ 

ʠʦʥʦʚ Na
+
 ʠ Li

+
. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʠʢʘ ʧʨʠ 3,22 ɺ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
 ʢ ʠʥʪʝʨʢʘʣʷʮʠʠ Li

+
. ʅʘʯʘʣʴʥʘʷ 

ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Na4Fe3(PO4)2P2O7 ʩʦʩʪʘʚʣʷʝʪ 95 ʤɸĀʯĀʛ
-1

 (ʉ/5), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 74% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ. ʇʦʩʣʝ 50 ʮʠʢʣʦʚ ʤyʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 78 ʤɸĀʯĀʛ
-1

 (82% ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʤyʢʦʩʪʠ). ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʸʤʢʦʩʪʠ ʥʘ 40%. ʆʜʥʘʢʦ 

ʧʦʪʝʨʷ ʸʤʢʦʩʪʠ ʚ Li ʷʯʝʡʢʝ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ Na ʷʯʝʡʢʝ. ʎʠʢʣʠʨʦʚʘʥʠʝ Na4Fe3(PO4)2P2O7 

ʚ Li  ʷʯʝʡʢʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʦʙʤʝʥʫ ʠʦʥʦʚ Na
+
 ʥʘ ʠʦʥʳ Li

+
. ɺ 

ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʘ Na4Fe3(PO4)2P2O7 ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʉʦʛʣʘʩʥʦ 

ʵʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ, ʧʨʦʚʝʜʝʥʥʦʤʫ ʘʚʪʦʨʘʤʠ, ʩʦʦʪʥʦʰʝʥʠʝ Na:Fe ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 1,3:1,0 ʜʦ 0,8:1,0, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ 38% Na
+
 ʟʘʤʝʥʷʝʪʩʷ ʥʘ Li

+
. ʅʝʩʤʦʪʨʷ ʥʘ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Na
+
 ʚ ʩʪʨʫʢʪʫʨʝ, ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠʦʥʦʚ Na

+
 ʥʘ ʠʦʥʳ Li

+
 ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʚʤʝʩʪʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʠ Li

+
.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʩʦʜʠʠʨʦʚʘʥʥʦʛʦ 

NaFe3(PO4)2P2O7 ʚ ʩʤʝʰʘʥʥʦʤ Na/Li ʵʣʝʢʪʨʦʣʠʪʝ [70]. ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

106 ʤɸĀʯĀʛ
-1

 ʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 97 ʤɸĀʯĀʛ
-1

 ʧʦʩʣʝ 45 ʮʠʢʣʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʚ Li  ʵʣʝʢʪʨʦʣʠʪʝ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ 

ʩʤʝʰʘʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʦʭʨʘʥʝʥʠʶ ʚʳʩʦʢʦʡ ʸʤʢʦʩʪʠ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʡ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʠ Li

+
 ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ Na4Fe3(PO4)2P2O7 ʚ 

ʃʀɸ. 
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Nose ʩ ʩʦʘʚʪʦʨʘʤʠ [41] ʠʩʩʣʝʜʦʚʘʣʠ ʮʠʢʣʠʨʦʚʘʥʠʝ Na1,4Co3(PO4)2P2O7 ʚ ʧʦʣʥʦʡ ʷʯʝʡʢʝ 

Na1,4Co3(PO4)2P2O7 || LiPF6 || Li4Ti5O12. ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 100 ʤɸĀʯĀʛ
-1

 ʠ 80 

ʤɸĀʯĀʛ
-1

 ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʉ/5 ʠ 5ʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʢʘʣʷʮʠʠ 2,4 Li
+
 ʠ 1,9 Li

+
. 

ʇʦʣʥʘʷ ʷʯʝʡʢʘ ʠʤʝʝʪ ʥʘʧʨʷʞʝʥʠʝ, ʨʘʚʥʦʝ 3 ɺ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʦʜʘ ʩ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ.  

ʆʨʪʦʧʠʨʦʬʦʩʬʘʪʳ ʥʘʪʨʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  rʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮ ʜʣʷ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Li
+
, ʥʦ ʠ ʜʣʷ ʠʦʥʦʚ K

+
. Senthilkumar ʩ ʩʦʘʚʪʦʨʘʤʠ [73] ʧʨʦʚʝʣʠ 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʠʦʥʦʚ K
+
 ʚ ʩʪʨʫʢʪʫʨʫ Na4Fe3(PO4)2P2O7. ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ 

ʸʤʢʦʩʪʴ ʨʘʚʥʘ 121 ʤɸĀʯĀʛ
-1
. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʸʤʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʩʪʘʙʠʣʠʟʠʨʫʷʩʴ ʥʘ ʟʥʘʯʝʥʠʠ ~116 ʤɸĀʯĀʛ
-1

. ɹʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠʦʥʦʚ K
+
 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Na

+
 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʢʘʣʷʮʠʠ. ʅʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʸʤʢʦʩʪʠ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʜʦ ʰʝʩʪʠ ʥʘʙʦʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʙʨʘʪʠʤʦʡ 

ʠʥʪʝʨʢʘʣʷʮʠʠ K
+
. ʉʨʝʜʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 3 ɺ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʷʚʣʝʥʠʝʤ ʰʝʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʠʢʦʚ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʷʚʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʢʦʚ ʩʚʷʟʘʥʦ ʩ ʩʦʚʤʝʩʪʥʦʡ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʝʡ 

ʠʦʥʦʚ Na
+
 ʠ K

+
. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ, ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 6%. ɼʣʷ ʦʮʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

Na4Fe3(PO4)2P2O7 ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʥʳʝ ʷʯʝʡʢʠ Na4-xFe3(PO4)2P2O7 || KPF6 || C (ʛʨʘʬʠʪ). 

ʇʦʣʥʳʝ ʷʯʝʡʢʠ ʩʦʙʠʨʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ Na4-xFe3(PO4)2P2O7 ʠ ʛʨʘʬʠʪʦʚʦʛʦ 

ʘʥʦʜʘ, ʚ ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʥʪʝʨʢʘʣʠʨʦʚʘʣʠ ʠʦʥʳ ʢʘʣʠ.̫ ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʣʥʦʡ ʷʯʝʡʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʨʷʜʥʫʶ ʸʤʢʦʩʪʴ 76 ʤɸĀʯĀʛ
-1

 ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ 1,5-4,5 

ɺ (C/40) ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʸʤʢʦʩʪʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʇʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʸʤʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: (1) ʥʠʟʢʘʷ ʢʫʣʦʥʦʚʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʨʘʬʠʪʦʚʦʛʦ ʘʥʦʜʘ ʠ (2) ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʘʣʠʝʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

1.2.2.3. Na7V4(P2O7)4PO4 

ɺʧʝʨʚʳʝ ʪʝʪʨʘʛʦʥʘʣʴʥʳʡ Na7V4(P2O7)4PO4 (ʇɻʉ P-421c) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ Lim ʩ 

ʩʦʘʚʪʦʨʘʤʠ [47] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʤʝʩʠ (<4%) Na3V2(PO4)3. ʉʪʨʫʢʪʫʨʘ Na7V4(P2O7)4PO4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʚʝʥʴʷʤʠ (VP2O7)4PO4, ʚ 

ʢʦʪʦʨʳʭ ʧʦʣʠʵʜʨʳ (PO4), (VO6) ʠ (P2O7) ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚʝʨʰʠʥʘʤʠ. ɿʚʝʥʴʷ 

(VP2O7)4PO4 ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ 

ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
. ʀʦʥʳ Na

+
 ʟʘʥʠʤʘʶʪ ʚ ʩʪʨʫʢʪʫʨʝ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʠ (ʨʠʩʫʥʦʢ 1.14). ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ Na7V4(P2O7)4PO4 ʩʦʩʪʘʚʣʷʝʪ 92,8 ʤɸĀʯĀʛ
-1

 ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʘʩʪʠʝ ʯʝʪʳʨʝʭ ʠʦʥʦʚ Na
+
 ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ 
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Na7V4(P2O7)4PO4 ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ 77,1 ʤɸĀʯĀʛ
-1

 (3,3 Na) ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/40. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʜʚʘ ʨʘʟʘ (C/20) ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ ʜʦ 73,6 ʤɸĀʯĀʛ
-1

. Na7V4(P2O7)4PO4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠ 

ʮʠʢʣʠʨʦʚʘʥʠʠ ʦʜʥʦ ʧʣʘʪʦ ʧʨʠ 3,88 ɺ [47]. 

 

ʈʠʩʫʥʦʢ 1.14 - ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Na7V4(P2O7)4PO4 [49]. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ Na7V4(P2O7)4PO4 Deng ʩ ʩʦʘʚʪʦʨʘʤʠ [48] 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʚʳʩʦʢʦʯʠʩʪʳʡ ʦʙʨʘʟʝʮ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʤ 

ʫʛʣʝʨʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʝʨʞʥʠ ʠʤʝʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʨʦʩʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [010]. ɿʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʳʝ ʢʨʠʚʳʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʚʘ ʧʣʘʪʦ, ʩ ʙʣʠʟʢʠʤʠ ʧʦ ʟʥʘʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ GITT, 

ʦʙʨʘʪʠʤʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Na
+
 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ 

V
4+

/V
3+

 ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ Na5V
3,5+

4(P2O7)4PO4/C ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʧʣʘʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 3,87 ɺ (V
3+

/V
3.5+
) ʠ 3,89 ɺ (V

3.5+
/V

4+
). ʈʘʟʨʷʜʥʘʷ 

ʤyʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 92,1 ʤɸĀʯĀʛ
-1

 (99% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ) ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 

C/20. ʅʘʥʦʨʘʟʤʝʨʥʦʩʪʴ ʩʪʝʨʞʥʝʡ ʚʜʦʣʴ ʧʫʪʝʡ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ Na
+
, ʘ ʪʘʢʞʝ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 10C ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ Na7V4(P2O7)4PO4/C ʜʦʩʪʠʛʘʝʪ 80% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʠ ʨʘʚʥʘ 73 ʤɸĀʯĀʛ
-1

. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʸʤʢʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ. ɸʚʪʦʨʳ [48] 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ Na7V4(P2O7)4PO4/C ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ 

ʦʙʨʘʪʠʤʦʡ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
. ʅʘʥʦʩʪʝʨʞʥʠ Na7V4(P2O7)4PO4/C ʪʘʢʞʝ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʚʦʜʥʳʭ ʅʀɸ [75]. ʅʘ ʢʨʠʚʳʭ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʣʘʪʦ ʧʨʠ 0,96 

ɺ ʠ 0,94 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʦʛʦ ʢʘʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʸʤʢʦʩʪʴ 51,2 

ʤɸĀʯĀʛ
-1

 ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 80 ʤɸĀʛ
-1

. Na7V4(P2O7)4PO4/C ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ 72% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ 1000 ʤɸĀʛ
-1

.  

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʭʦʨʦʰʠʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʤʧʦʟʠʪ Na7V4(P2O7)4PO4/C ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʅʀɸ, ʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʃʀɸ [49]. ʈʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ Na7V4(P2O7)4PO4/C, ʧʦʣʫʯʝʥʥʦʛʦ 

ʚ ʨʘʙʦʪʝ [49], ʨʘʚʥʘ 91,4 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ 

[48]. ʇʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ Li ʷʯʝʡʢʝ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʱʝʣʦʯʥʳʭ ʠʦʥʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ. ʀʟʥʘʯʘʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʦʢʠʩʣʠʪʝʣʴʥr ʭ ʧʠʢʘ ʧʨʠ 4,06 ɺ ʠ 4,11 ɺ ʦʪʥ. Li
+
/Li

0
, 

ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʮʝʩʩʦʤ ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

Na7V4(P2O7)4PO4/C. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʷʜʘ ʧʦʷʚʣʝʥʠʝ ʪʨʝʭ ʧʠʢʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʩʦʚʤʝʩʪʥʦʤ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʢʘʣʷʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ Na
+
 ʠ Li

+
. ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ 91,8 ʤɸĀʯĀʛ
-1
, ʟʘʪʝʤ ʦʥʘ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʪʘʙʠʣʠʟʠʨʫʷʩʴ ʧʦʩʣʝ ʧʷʪʠ ʮʠʢʣʦʚ. 

ʇʨʦʮʝʩʩ ʧʦʩʪʝʧʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤyʢʦʩʪʠ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʳ ʚʥʝʜʨʷʝʤʦʛʦ ʠʦʥʘ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʢʘʢ ʠʦʥʳ Li
+
, ʪʘʢ ʠ ʠʦʥʳ 

Na
+
. ʇʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ Na

+
 ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʝʦʙʣʘʜʘʝʪ ʠʥʪʝʨʢʘʣʷʮʠʷ Li
+
. ɸʚʪʦʨʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʠʥʪʝʨʢʘʣʷʮʠʠ Li
+ 
ʚ ʩʪʨʫʢʪʫʨʫ Na7V4(P2O7)4PO4/C ʫʩʪʫʧʘʝʪ ʢʠʥʝʪʠʢʝ 

ʠʥʪʝʨʢʘʣʷʮʠʠ Na
+
. Na7V4(P2O7)4PO4/C ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʨʷʜʥʫʶ ʤyʢʦʩʪʴ 54,2 ʤɸĀʯĀʛ

-1
 ʚ Li  

ʷʯʝʡʢʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʸʤʢʦʩʪʴ, ʥʘʙʣʶʜʘʝʤʘʷ ʚ Na ʷʯʝʡʢʝ. ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʫ 

ʘʚʪʦʨʦʚ, ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠʦʥʦʚ Li
+
 , ʚʳʟʳʚʘʝʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ Li
+
 ʚ ʩʪʨʫʢʪʫʨʝ. ʆʜʥʘʢʦ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʩʦʣʴʚʘʪʘʮʠʠ Li
+
 [76] ʠʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʁNa7V4(P2O7)4PO4/C ʢ 

ʠʥʪʝʨʢʘʣʠʨʫʝʤʳʤ ʠʦʥʘʤ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ [77]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʠʩʪʦʛʦ ʤʦʥʦʣʠʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʝʡ ʜʦʙʘʚʢʠ ʜʣʷ 

Na7V4(P2O7)4PO4 ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ [50]. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʭʨʘʥʝʥʠʝ ʤyʢʦʩʪʠ 96% (2C) ʠ 95% (5C) ʦʪ 

ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝ 800 ʮʠʢʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ [51], ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʦʭʨʘʥʝʥʠʝ ʤyʢʦʩʪʠ 81,4% ʧʦʩʣʝ 300 ʮʠʢʣʦʚ ʧʨʠ ʩʢʦʨʦʩʪʠ C/2.  

1.2.3. ɻʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʳ  

ɻʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʳ AFe3(SO4)2(OH)6 (A = NH4, Na, K) ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʚʠʜʝ 

ʤʠʥʝʨʘʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʨ̫ʦʟʠʪʘʤʠ [78]. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʬʦʨʤʳ AFe3(SO4)2(OH)6 ʧʦʣʫʯʘʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ [79,80]. AFe3(SO4)2(OH)6 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʇɻʉ R-3m); ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʢʪʘʵʜʨʦʚ FeO6, 

ʩʦʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤʠ ʛʨʫʧʧʘʤʠ ʆʅ, ʠ ʪʝʪʨʘʵʜʨʦʚ SO4, ʦʙʨʘʟʫʷ ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ (ʨʠʩʫʥʦʢ 1.15). 
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ʄʝʞʜʫ ʩʣʦʷʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠʦʥʳ Na
+
, K

+
 ʠ NH4

+
. ʀʦʥʳ Na

+
 ʠ K

+
 ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 12 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʟʘʥʠʤʘʶʪ ʦʜʥʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ. 

 

ʈʠʩʫʥʦʢ 1.15 - ʉʪʨʫʢʪʫʨʘ ʛʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ AFe3(SO4)2(OH)6 (A = NH4, Na, K) [52]. 

1.2.3.1. NaFe3(SO4)2(OH)6 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ NaFe3(SO4)2(OH)6, ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ, ʚ ʥʘʪʨʠʝʚʳʭ ʠ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ Gnanavel ʩ 

ʩʦʘʚʪʦʨʘʤʠ [52,53]. ɸʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ NaFe3(SO4)2(OH)6 ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʅʀɸ ʠ ʃʀɸ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ NaFe3(SO4)2(OH)6 ʨʘʚʥʘ 

166 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʢʘʣʷʮʠʠ ʪʨʝʭ ʠʦʥʦʚ Na

+
(Li

+
) ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [52,53], ʥʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/20 ʨʘʚʥʘ 120 ʤɸĀʯĀʛ
-1 
ʦʪʥ. Na

+
/Na

0
 ʠ 110 ʤɸĀʯĀʛ

-1
 ʦʪʥ. Li

+
/Li

0
, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʨʢʘʣʷʮʠʝʡ 2,2 Na
+
 ʠ 2,1 Li

+
. ʉʨʝʜʥʝʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ 

NaFe3(SO4)2(OH)6 ʩʦʩʪʘʚʣʷʝʪ 2,72 ɺ ʦʪʥ. Na
+
/Na

0
 ʠ 2,82 ɺ ʦʪʥ. Li

+
/Li

0
. ʀʥʪʝʨʢʘʣʷʮʠʷ 2,5 Na

+
(Li

+
) 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʦ C/100, ʜʝʤʦʥʩʪʨʠʨʫʷ 

ʤyʢʦʩʪʴ ~140 ʤɸĀʯĀʛ
-1

. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʠʥʪʝʨʢʘʣʠʨʫʝʤʦʛʦ ʠʦʥʘ ʬʦʨʤʘ ʢʨʠʚʦʡ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʘʢʣʦʥʥʦʡ, ʫʢʘʟʳʚʘʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʢʘʣʷʮʠʠ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʣʠʙʦ ʠʟʤʝʥʝʥʠʝ 

ʤʦʨʬʦʣʦʛʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʝr ʠʟʤʝʥʝʥʠ,̫ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʢʘʣʷʮʠʠ 

Na
+
(Li

+
). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ Na

+
(Li

+
) ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ/ʘʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʘʤʦʨʬʠʟʘʮʠʶ NaFe3(SO4)2(OH)6, 

ʩʪʨʦʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʩʦʭʨʘʥʷʝʪʩʷ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʥʪʝʨʢʘʣʷʮʠʷ 
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ʠʦʥʦʚ Na
+
(Li

+
) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ Fe-O-S, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʣʦʢʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʘʤʠʜ FeO5 ʢʘʢ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨ,r ʧʨʠʚʦʜʷʱʠʭ ʢ ʝʝ ʘʤʦʨʬʠʟʘʮʠʠ. 

1.2.3.2 NH4Fe3(SO4)2(OH)6 

ʆʙʨʘʪʠʤʘʷ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ ʛʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ ʘʤʤʦʥʠʷ 

NH4Fe3(SO4)2OH6 ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [54]. ʈʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ NH4Fe3(SO4)2OH6 ʨʘʚʥʘ 

110 ʤɸĀʯĀʛ
-1

 (C/50), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 66% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ (167,6 ʤɸĀʯĀʛ
-1
) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʢʘʣʷʮʠʠ ʜʚʫʭ ʠʦʥʦʚ Li
+
. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʘʷ 

ʧʦʪʝʨʷ ʤyʢʦʩʪʠ ʥʘ 11%. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ ʜʦ 30 ʤɸĀʯĀʛ
-1

 (C/20). ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʪʝʨʷ ʸʤʢʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʥʝ ʩʚʷʟʘʥʘ ʩ ʜʝʛʨʘʜʘʮʠʝʡ NH4Fe3(SO4)2OH6 ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

1.2.3.3. KFe3(SO4)2(OH)6 

Ding ʩ ʩʦʘʚʪʦʨʘʤʠ [55,56] ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 2D KFe3(SO4)2(OH)6 ʚ ʚʠʜʝ ʥʘʥʦʩʣʦʝʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʦʦʩʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩʫʥʦʢ 1.16ʘ). ɸʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ [56] ʠ ʘʥʦʜʘ [55] ʚ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ. 

KFe3(SO4)2(OH)6 ʙʳʣ ʠʟʫʯʝʥ ʚ ʜʠʘʧʘʟʦʥʘʭ ʥʘʧʨʷʞʝʥʠʡ 1,6-4,0 ɺ ʠ 0,005-3,0 ɺ ʦʪʥ. Li
+
/Li

0
 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʣʠʪʠʝʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (1M LiPF6 ʚ ʕʂ:ɼʕʂ (1:1)). ʊʝʦʨʝʪʠʯʝʩʢʘʷ 

ʤyʢʦʩʪʴ KFe3(SO4)2(OH)6 ʨʘʚʥʘ 160 ʤɸĀʯĀʛ
-1

 ʚ ʨʘʩʯʝʪʝ ʥʘ 3 ʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ. ʅʘʯʘʣʴʥʘʷ 

ʨʘʟʨʷʜʥʘʷ ʠ ʟʘʨʷʜʥʘʷ ʸʤʢʦʩʪʠ ʜʣʷ KFe3(SO4)2(OH)6 ʩʦʩʪʘʚʣʷʶʪ 135 ʤɸĀʯĀʛ
-1

 (2,5 Li
+
) ʠ 111 

ʤɸĀʯĀʛ
-1

 (2,1 Li
+
) ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/10 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʦ 10ʉ ʦʙʨʘʪʠʤʘʷ ʤyʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 75 ʤɸĀʯĀʛ
-1

. ʇʦʤʠʤʦ ʚʳʩʦʢʦʡ ʤyʢʦʩʪʠ ʧʨʠ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ KFe3(SO4)2(OH)6 ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʦʨʦʰʫʶ 

ʮʠʢʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʦʭʨʘʥʷʷ ʙʦʣʝʝ 90% ʸʤʢʦʩʪʠ ʧʦʩʣʝ 50 ʮʠʢʣʦʚ. ʍʦʨʦʰʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ KFe3(SO4)2(OH)6 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʥʠʢʘʣʴʥʦʡ ʜʚʫʤʝʨʥʦʡ 

ʥʘʥʦʘʨʭʠʪʝʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʜʠʬʬʫʟʠʶ ʠʦʥʦʚ Li
+
 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʲʝʤʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʨʠʩʫʥʦʢ 1.16ʙ).  
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ʈʠʩʫʥʦʢ 1.16 - ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʩʣʦʝʚ ʨ̫ʦʟʠʪʘ KFe3(SO4)2(OH)6, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʩʦʦʩʘʞʜʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʘ), ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʩʣʦʝʚ ʠ ʦʙʲʝʤʥʦʛʦ KFe3(SO4)2(OH)6 (ʙ) [56]. 

KFe3(SO4)2(OH)6 ʙʳʣ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥ ʢʘʢ ʘʥʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ʇʝʨʚʘʷ ʨʘʟʨʷʜʥʘʷ ʠ 

ʟʘʨʷʜʥʘʷ ʸʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 1787 ʠ 1301 ʤɸĀʯĀʛ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤyʢʦʩʪʴ 

ʨʘʚʥʘ 481 ʤɸĀʯĀʛ
-1

 (9 Li
+
), ʝʩʣʠ ʝʝ ʦʮʝʥʠʚʘʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe

3+
/Fe

0
. 

ʆʜʥʘʢʦ ʦʙʨʘʪʠʤʘʷ ʤyʢʦʩʪʴ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʏʪʦʙʳ 

ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʸʤʢʦʩʪʠ, ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʠʟʤʝʨʝʥʠʷ ex situ ʈʌɸ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʨʘʟʨʷʜʘ/ʟʘʨʷʜʘ (ʨʠʩʫʥʦʢ 1.17). ʇʨʠ ʨʘʟʨʷʜʝ ʜʦ 1,5 ɺ ʩʪʨʫʢʪʫʨʘ 

KFe3(SO4)2(OH)6 ʩʦʭʨʘʥʷʝʪʩʷ, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ LixKFe3(SO4)2(OH)6. ʆʜʥʘʢʦ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʨʘʟʨʷʜʝ ʜʦ 1,0, 0,6 ʠ 0,005 ɺ ʬʘʟʘ LixKFe3(SO4)2(OH)6 ʠʩʯʝʟʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʘʟʳ LiOH. ɺ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʘ ʜʦ 3,0 ɺ ʦʙʨʘʪʠʤʦʝ ʧʦʷʚʣʝʥʠʝ ʬʘʟʳ KFe3(SO4)2(OH)6 ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʘʟʳ LiOH ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ 

FeOOH, ɔ-Fe2O3, Li2SO4 ʠ LiKSO4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ɸʚʪʦʨʳ 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʮʠʢʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʠʥʝʨʛʠʠ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ [55]. 

 

ʈʠʩʫʥʦʢ 1.17 - ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ KFe3(SO4)2(OH)6 ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ 

[55]. 
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1.2.4. ɼʨʫʛʠʝ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 

1.2.4.1. AFe2PO4(SO4)2 (A= Li, Na) 

ʉʫʣʴʬʘʪ-ʬʦʩʬʘʪʳ AFe2PO4(SO4)2 (A = Li, Na) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʷ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ NASICON (ʇɻʉ R-3c), ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʘʷ ʤʠʛʨʘʮʠʷ ʠʦʥʦʚ 

Li
+
(Na

+
). Padhi ʩ ʩʦʘʚʪʦʨʘʤʠ [57] ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʩʫʣʴʬʘʪ-

ʬʦʩʬʘʪʘ ʞʝʣʝʟʘ ʣʠʪʠʷ LiFe2PO4(SO4)2, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʃʀɸ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʝʨʚʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʨʘʚʥʘ 110 

ʤɸĀʯĀʛ
-1

 ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 0,1 ʤɸĀʩʤ
-2
. ʇʦʩʣʝ 25 ʮʠʢʣʦʚ ʦʙʨʘʪʠʤʘʷ ʤyʢʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 100 

ʤɸĀʯĀʛ
-1

. ʀʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ LiFe2PO4(SO4)2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʨʝʜʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ~3,3-3,4 ɺ.  

ʇʦʟʞʝ Shiva ʩ ʩʦʘʚʪʦʨʘʤʠ [58] ʩʠʥʪʝʟʠʨʦʚʘʣʠ NaFe2PO4(SO4)2 ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʝʛʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʥʘʪʨʠʝʚʦʡ ʷʯʝʡʢʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʝʨʚʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʙʣʠʟʢʘ ʢ 80 ʤɸĀʯĀʛ
-1

 (ʉ/10) ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʩʨʝʜʥʝʝ ʨʘʙʦʯʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3,15 ɺ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤyʢʦʩʪʠ 

ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ), ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ 

ʚ ʢʣʘʩʪʝʨʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ 

ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ NaFe2PO4(SO4)2 ʜʦʩʪʠʛʘʝʪ ʤyʢʦʩʪʴ, ʙʣʠʟʢʫ  ʁʢ 100 ʤɸĀʯĀʛ
-1

. 

ʇʦʟʜʥʝʝ, Yahia ʩ ʩʦʘʚʪʦʨʘʤʠ [59] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʙʦʣʝʝ ʯʠʩʪʳʡ NaFe2PO4(SO4)2 ʧʨʠ 550 ÁC ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʈʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʠʣʘ 89 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʧʨʝʚʳʰʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [58]. ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʸʤʢʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 56 ʤɸĀʯĀʛ
-1

. ʇʨʠʯʠʥʦʡ ʨʘʟʣʠʯʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʨʘʙʦʪʘʭ [58] ʠ 

[59], ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʢʘʪʦʜʥʦʡ ʤʘʩʩʝ.  

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ Li ʩ ʩʦʘʚʪʦʨʘʤʠ [60] ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʣʠ NaFe2PO4(SO4)2, 

ʜʦʧʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ Ca
2+

, ʧʦʣʫʯʠʚ ʩʝʨʠʶ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Na1-2xCaxFe2PO4(SO4)2 (x = 0; 

0,06; 0,08; 0,10). ɺʚʝʜʝʥʠʝ ʠʦʥʦʚ Ca
2+

 ʚ ʩʪʨʫʢʪʫʨʫ NaFe2PO4(SO4)2 ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʤʠʛʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʠʦʥʦʚ Na
+
 ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʩʦʩʪʘʚ 

Na0,84Ca0,08Fe2PO4(SO4)2, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛ ʨʘʟʨʷʜʥʦʡ ʸʤʢʦʩʪʠ 121,6 ʤɸĀʯĀʛ
-1

 ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

25 ʤɸĀʛ
-1

 ʠ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠ ̫ 3,1 ɺ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʚ Na0,84Ca0,08Fe2PO4(SO4)2 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ 10
-12

-10
-11

 ʩʤ
2
Āʩ

-1
, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʫ 

NaFe2PO4(SO4)2. ʆʪʤʝʪʠʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʜʦʧʠʨʦʚʘʥʠʶ Ca
2+

, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʫʚʝʣʠʯʠʪʴ ʸʤʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʨʘʙʦʪʘʤʠ. ʆʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ 

ʤyʢʦʩʪʝʡ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʘʪʦʜʥʦʡ ʤʘʩʩʝ (50 ʤʘʩʩ.%). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʭʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ Na0,84Ca0,08Fe2PO4(SO4)2 ʤʘʪʝʨʠʘʣ ʪʝʨʷʝʪ ʩʚʦʶ 

ʤyʢʦʩʪʴ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʚʩʝʛʦ 55% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʧʦʩʣʝ 

ʩʪʘ ʮʠʢʣʦʚ. 

1.2.4.2. NH4FePO4NO3  

ʅʠʪʨʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ ʘʤʤʦʥʠʷ NH4FePO4NO3 (ʇɻʉ P-1) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʩʣʝ 

ʫʩʧʝʰʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʊʌʇ, ʧʦʢʘʟʘʚʰʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [61]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʞʝʣʝʟʘ ʥʘʪʨʠʷ Na3FePO4CO3, ʚ ʢʦʪʦʨʦʡ (CO3)
2-

 ʛʨʫʧʧʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ 

(NO3)
-
. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (NH4)0.94Li 0.06FePO4NO3, ʘʚʪʦʨʳ ʜʦʙʘʚʣʷʣʠ LiF ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Li
+
 ʚ ʩʪʨʫʢʪʫʨʝ (NH4)1-xLi xFePO4NO3 ʘʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʦʥʥʳʡ ʦʙʤʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, 

ʚ ʢʦʪʦʨʦʤ 25% ʠʦʥʦʚ NH4
+
 ʟʘʤʝʥʝʥʳ ʥʘ ʠʦʥʳ Li

+
.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ NH4FePO4NO3 ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (NH4)1-xLi xFePO4NO3 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ Li ʠ Na ʷʯʝʡʢʘʭ. ʀʟʫʯʝʥʠʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ 

ʩʪʨʫʢʪʫʨʫ NH4FePO4NO3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʝʘʣʠʟʫʝʪʩʷ 76% ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ (Qʪʝʦʨ.=116 ʤɸĀʯĀʛ
-1

). ɸʚʪʦʨʳ ʧʦʜʨʦʙʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (NH4)0.94Li 0.06FePO4NO3, ʧʦʩʢʦʣʴʢʫ ʝʛʦ 

ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NH4FePO4NO3 ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʨʘʟʨʷʜʥʘʷ 

ʤyʢʦʩʪʴ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (NH4)0.75Li 0.25FePO4NO3 ʩʦʩʪʘʚʣʷʝʪ 80% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ, 

ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʸʤʢʦʩʪʠ NH4FePO4NO3. ʉʨʝʜʥʝʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2,9 ɺ 

ʦʪʥ. Li
+
/Li

0
. ɸʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ NH4FePO4NO3 ʠ 

(NH4)0.75Li 0.25FePO4NO3 ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʟʤʦʤ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ. ʀʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ NH4FePO4NO3 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ (NH4)0,75Li 0.25FePO4NO3 ʠʜʝʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʦʙʨʘʟʮʳ ʪʝʨʷʶʪ 

ʧʦʨʷʜʢʘ 20% ʤyʢʦʩʪʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 

NH4FePO4NO3 ʪʝʨʷʝʪ ʩʚʦʶ ʤyʢʦʩʪʴ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ (NH4)0.75Li 0.25FePO4NO3. ʇʨʠ 

ʚʦʟʚʨʘʱʝʥʠʠ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʉ/50) (NH4)0.75Li 0.25FePO4NO3 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʸʤʢʦʩʪʴ 73 ʤɸĀʯĀʛ
-1
, ʪʦʛʜʘ ʢʘʢ NH4FePO4NO3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʩʝʛʦ 38 ʤɸĀʯĀʛ
-1

.  

ɸʚʪʦʨʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʫ 

(NH4)0.75Li 0.25FePO4NO3. ʀʥʪʝʨʢʘʣʷʮʠʷ Na
+
 ʠʜʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʨʝʜʥʝʝ 
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ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ 2,7 ɺ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʠʥʪʝʨʢʘʣʠʨʫʝʪ 

ʧʦʨ̫ʜʢʘ 0,8 Na ʥʘ ʬ.ʝʜ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ (NH4)0.75Li 0.25FePO4NO3 ʩʦʭʨʘʥʷʝʪ 

80% ʸʤʢʦʩʪʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦ ʢʘʢ 

ʚ ʣʠʪʠʝʚʦʡ, ʪʘʢ ʠ ʚ ʥʘʪʨʠʝʚʦʡ ʷʯʝʡʢʘʭ.  

1.2.4.3. Na2Fe(C2O4)SO4ĀH2O 

ʆʜʥʠʤ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʭ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʫʣʴʬʘʪ-ʦʢʩʘʣʘʪ 

Na2Fe(C2O4)SO4ĀH2O. Song ʩ ʩʦʘʚʪʦʨʘʤʠ [62] ʫʩʧʝʰʥʦ ʧʦʣʫʯʠʣʠ Na2Fe(C2O4)SO4ĀH2O ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʠʣʠ ʝʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

Na2Fe(C2O4)SO4ĀH2O ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʇɻʉ P-62m. ʉʪʨʫʢʪʫʨʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ [FeC2O4SO4], ʛʜʝ Fe
2+

 ʠ (C2O4)
2-

 ʦʙʨʘʟʫʶʪ ʜʚʫʤʝʨʥʳʝ 

ʙʝʩʢʦʥʝʯʥʳʝ ʩʣʦʠ [FeC2O4], ʘ (SO4)
2-

 ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʣʦʝʚ 

[FeC2O4]. ʀʦʥʳ Na
+
 ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʀʦʥʳ ʥʘʪʨʠʷ ʠʤʝʶʪ ʜʚʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ Na(1) ʠ Na(2) (ʨʠʩʫʥʦʢ 1.18). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

Na2Fe(C2O4)SO4ĀH2O ʠʟʫʯʘʣʠ ʚ ʥʘʪʨʠʝʚʦʡ ʷʯʝʡʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 

ʥʘʧʨʷʞʝʥʠʷ. ʀʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʩʥʠʞʝʥʠʷ ʸʤʢʦʩʪʠ (50% ʟʘ ʧʝʨʚʳʝ 60 ʮʠʢʣʦʚ) ʚ ʜʠʘʧʘʟʦʥʝ 1,7-4,6 ɺ 

ʘʚʪʦʨʳ ʚʳʙʨʘʣʠ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ 1,7-4,2 ɺ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʝ ʸʤʢʦʩʪʠ 

ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʅʘ ʢʨʠʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ dQ/dV ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʠʢʘ ʧʨʠ 3,2 ɺ ʠ 3,8 ɺ ʥʘ ʟʘʨʷʜʝ ʠ ʧʨʠ 3,1 ɺ ʠ 3,5 ɺ ʥʘ ʨʘʟʨʷʜʝ. ɸʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʠʢʠ ʧʨʠ 3,2/3,1 ɺ, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʥʦʡ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ Na (1), ʘ 

ʧʠʢʠ ʧʨʠ 3,8/3,5 ɺ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʝʡ 25% Na(2). ʆʙʨʘʪʠʤʘʷ ʤyʢʦʩʪʴ 75 

ʤɸĀʯĀʛ
-1

 (ʉ/2) ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ 500 ʮʠʢʣʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 85% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ 

(88 ʤɸĀʯĀʛ
-1

). ʉʦʭʨʘʥʝʥʠʝ ʤyʢʦʩʪʠ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩʦ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, Na2Fe(C2O4)SO4ĀH2O ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʣʘʛʝ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʚʦʜʫ ʚ ʩʪʨʫʢʪʫʨʝ, ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʫʩʪʦʡʯʠʚʦʩʪʠ 

Na2Fe(C2O4)SO4ĀH2O ʢ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ 

Na2Fe(C2O4)SO4ĀH2O ʘʙʩʦʨʙʠʨʫʝʪ ʚʦʜʫ, ʦʙʨʘʟʫʷ ʧʨʠʤʝʩʥʫʶ ʬʘʟʫ Na2SO4. ʆʙʨʘʟʮr  ʪʨʝʙʫʶʪ 

ʭʨʘʥʝʥʠʷ ʚ ʩʫʭʦʡ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʙʦʪʫ ʩ ʤʘʪʝʨʠʘʣʦʤ.  
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ʈʠʩʫʥʦʢ 1.18 ï ʉʪʨʫʢʪʫʨʘ Na2Fe(C2O4)SO4. 

ɿʘʢʣʶʯʝʥʠʝ ʢ ʛʣʘʚʝ 1 

ʇʨʦʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥrʡ ʦʙʟʦʨ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʤʝʰʘʥʥʦ-ʘʥʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʝ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ, ʦʨʪʦʧʠʨʦʬʦʩʬʘʪʳ, ʛʠʜʨʦʢʩʠʜ-ʩʫʣʴʬʘʪʳ ʠ ʜʨ., ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ʉʨʝʜʠ ʥʠʭ ʞʝʣʝʟʦ-ʥʘʪʨʠʡʩʦʜʝʨʞʘʱʠʝ ʢʘʪʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ Na3FePO4CO3, NaFe3(SO4)2(OH)6 ʠ 

NaFe2PO4(SO4)2, ʚʳʙʨʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ, ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʛʣʝʨʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. 

ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʢʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʘʪʨʠʝʚʳʭ ʠ 

ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ.  
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ɻʣʘʚʘ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʈʝʘʢʪʠʚʳ ʠ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: 

Na2CO3 (ʭ.ʯ. 99,8% ʈʝʘʭʠʤ), FeSO4Ā7H2O (ʭ.ʯ. 99,0%, ʉʦʶʟʭʠʤʧʨʦʤ), (NH4)2HPO4 (ʯ.ʜ.ʘ. 

99,0%, ʅɿʍʂ), NaH2PO4 (Ó99,0%, Sigma-Aldrich), (NH4)2SO4 (ʯ. 98,0%, ʈʝʘʭʠʤ), FeCl3Ā6H2O (ʯ. 

98,0%, ʈʝʘʭʠʤ), NaHSO4ĀH2O (ʯ.ʜ.ʘ 98,5%, ʈʝʘʭʠʤ), Fe2(SO4)3Ā9H2O (ʯ. 98,0%, ʈʝʘʭʠʤ), Na2SO4 

(ʭ.ʯ. 99,0%, ʉʦʶʟʭʠʤʧʨʦʤ), H2SO4 (ʢʦʥʮ., ʈʝʘʭʠʤ), Li (ʤʝʪʘʣʣ., ʬʦʣʴʛʘ, 99,9%, Sigma-Aldrich), 

Na (ʤʝʪʘʣʣ., ʙʨʫʩʦʢ, 99,9%, Sigma-Aldrich), LiPF6 (Ó99,99%, Sigma-Aldrich), NaPF6 (98,0%, 

Sigma-Aldrich), ʧʨʦʚʦʜʷʱʘʷ ʩʘʞʘ (ʩʘʞʘ ʤʘʨʢʠ çʇ277è 99,9%, ʀʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ ʇʝʨʝʨʘʙʦʪʢʠ 

ʋʛʣʝʚʦʜʦʨʦʜʦʚ ʉʆ ʈɸʅ, ʆʤʩʢ), ʵʪʠʣʝʥʢʘʨʙʦʥʘʪ, ʕʂ (ʙʝʟʚʦʜʥʳʡ, Ó99,0%, Sigma-Aldrich), 

ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪ, ɼʄʂ (ʙʝʟʚʦʜʥʳʡ, Ó99,0%, Sigma-Aldrich), ʧʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪ, ʇʂ 

(ʙʝʟʚʦʜʥʳʡ, 99,7%, Sigma-Aldrich), ʚʠʥʠʣʝʥ ʢʘʨʙʦʥʘʪ, ɺʂ (ʙʝʟʚʦʜʥʳʡ, 99,5%, Sigma-Aldrich). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ Na3FePO4CO3 ʠ NaFe3(SO4)2(OH)6 ʧʨʠʤʝʥʷʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ NaFe2PO4(SO4)2 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ 

çrheological phase methodè ʩʠʥʪʝʟʘ. 

Na3FePO4CO3 ʧʦʣʫʯʘʣʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

5Na2CO3+2FeSO4Ā7H2O+2(NH4)2HPO4Ÿ2Na3FePO4CO3+2Na2SO4+4NH4+3CO2+17H2O    (1) 

3 ʛ FeSO4Ā7H2O ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʟʨʘʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ A. 1,32 ʛ (NH4)2HPO4 ʠ 10 ʛ Na2CO3 ʨʘʩʪʚʦʨʷʣʠ ʚ 50 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ɹ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ A ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ɹ ʧʨʠ 

ʙʳʩʪʨʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʪʝʬʣʦʥʦʚʳʡ ʩʪʘʢʘʥ ʦʙʲʝʤʦʤ 100 ʤʣ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʣʠ ʚ ʩʪʘʣʴʥʦʡ ʘʚʪʦʢʣʘʚ. ɸʚʪʦʢʣʘʚ 

ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 120 ÁC ʚ ʪʝʯʝʥʠʝ 54 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʠ ʵʪʘʥʦʣʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ Na2SO4 ʠ ʠʟʙʳʪʦʯʥʦʛʦ Na2CO3, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʡ 

ʧʝʯʠ ʧʨʠ 90 ÁC ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ.  

NaFe3(SO4)2(OH)6 ʧʦʣʫʯʘʣʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

2NaHSO4ĀH2O+3Fe2(SO4)3Ā9H2OŸ2NaFe3(SO4)2(OH)6+17H2O+7H2SO4               (2) 

8,6 ʛ Fe2(SO4)3Ŀ9H2O ʠ 1,4 ʛ NaHSO4ĿH2O ʨʘʩʪʚʦʨʷʣʠ ʚ 80 ʤʣ 0,01 M H2SO4 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʪʝʤ ʧʝʨʝʥʦʩʠʣʠ ʚ ʪʝʬʣʦʥʦʚʳʡ 

ʘʚʪʦʢʣʘʚ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 150 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʚ ʧʝʯʠ ʜʦ 
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ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʩʘʜʦʢ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʪɻʘʥʦʣʦʤ. ɿʘʪʝʤ ʦʙʨʘʟʝʮ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʠ 90 ÁC ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ NaFe2PO4(SO4)2 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ. ɺ ʦʩʥʦʚʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʘʨʠʚʘʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, 

ʧʨʠʤʝʥʷʝʤʫʶ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʋʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

NaH2PO4+2(NH4)2SO4+2FeCl3Ā6H2OŸNaFe2PO4(SO4)2+4NH3ŷ+6HClŷ+12H2Oŷ      (3) 

NaH2PO4 (1,2 ʛ), (NH4)2SO4 (2,7 ʛ) ʠ FeCl3Ā6H2O (5,43 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ 100 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʥʘ ʧʣʠʪʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ÁC ʜʦ 

ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʚʦʜʳ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʨʝʘʛʝʥʪʦʚ. ɿʘʪʝʤ 

ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 475 ÁC ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. 

ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʦʚʦʜʠʣʠ ʤʝʭʘʥʠʯʝʩʢʫ  ʁ

ʦʙʨʘʙʦʪʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʴʥʠʮʳ SPEX 8000ʄ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 0,6 ʩʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʝʥʠ ʦʪ 15 ʜʦ 210 ʤʠʥʫʪ. ʉʦʦʪʥʦʰʝʥʠʝ ʰʘʨʦʚ ʠ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʦ 20:1. 

ʉʦʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʛʣʝʨʦʜʘ ʨʘʚʥʦ 80:20. 

 

2.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.2.1 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʩʝ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʠ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ). ɿʘʧʠʩʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker D8 Advance (ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ CuKŬ (ɚʩʨ= 

(2ɚKŬ1 + ɚKŬ2)/3 =1,5418 ¡) ʠ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (PSD) ʩʦ 

ʩʢʦʨʦʩʪʴʶ 2ɗ/ʤʠʥ. ɻʝʦʤʝʪʨʠʷ ʩʲʝʤʢʠ ï ʥʘ ʦʪʨʘʞʝʥʠʝ (ʧʦ ɹʨʝʛʛʫ ï ɹʨʝʥʪʘʥʦ). ʉʭʝʤʘ ʩʲʝʤʢʠ ï 

Ū-Ū. ʈʘʜʠʫʩ ʛʦʥʠʦʤʝʪʨʘ R = 250 ʤʤ, ʨʘʩʭʦʜʠʤʦʩʪʴ ʱʝʣʝʡ ʉʦʣʣʝʨʘ 2,5Á, ʰʠʨʠʥʘ ʧʨʠʝʤʥʦʡ ʱʝʣʠ 

12 ʤʤ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʘʣʠ ʚ ʨʝʞʠʤʝ ʧʦʰʘʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ hʠʨʠʥʦʡ ʰʘʛʘ 0,02Á ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 0,3-1,0 ʩ) ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 2Ū = 5Á-80Á. ɺ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ Al2O3 (a = 4,759409(22) 

¡, c = 12,993729(38) ¡). ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʘʤʝʨʳ HTK-1200N (Anton Paar, ɸʚʩʪʨʠʷ) ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

(He) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30-600 Áʉ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Crystallographica Search Match ʠ 

ʙʘʟʳ ʜʘʥʥʳʭ ICDD PDF2. ʉʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʪʦʯʥʷʣʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ GSAS [81]. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʚʟʷʪʳʝ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʬʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʥʦʤ ʏʝʙʳʰʝʚʘ ʜʚʝʥʘʜʮʘʪʦʡ ʩʪʝʧʝʥʠ. ɸʧʧʨʦʢʩʠʤʘʮʠ ʁ

ʧʨʦʬʠʣʝʡ ʧʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʩʝʚʜʦ-ɺʦʡʪʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʠʣʠ ʫʪʦʯʥʝʥʠʝ ʧʨʦʬʠʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɼʘʣʝʝ ʫʪʦʯʥʷʣʠ ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ. ʊʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʚʩʝʭ ʘʪʦʤʦʚ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʘ ʟʘʪʝʤ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ; 

ʪʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʘʪʦʤʦʚ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ. 

2.2.2 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʤʘʨʢʠ Hitachi S-3400N (ʗʧʦʥʠʷ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʕɼʉ ʧʨʠʩʪʘʚʢʠ UltraDry (ʉʐɸ). ʆʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʥʘ ʧʨʦʚʦʜʷʱʫʶ 

ʫʛʣʝʨʦʜʥʫʶ ʣʝʥʪʫ, ʧʨʠʢʣʝʝʥʥʫʶ ʥʘ ʘʣʶʤʠʥʠʝʚʳʡ ʜʝʨʞʘʪʝʣʴ. ɼʣʷ ʣʫʯʰʝʛʦ ʦʪʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʥʘʥʦʩʠʣʠ ʩʣʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʦʣʦʪʘ (Au) ʧʫʪʝʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ JEOL JFC-1600 Auto Fine Coaters.  

2.2.3 ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʘ STA 449 F/1/1 JUPITER (Netzsch, ɻʝʨʤʘʥʠʷ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 30-800 

Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 ÁʉĀʤʠʥ
-1

 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɺʳʜʝʣʷʝʤʳʝ ʛʘʟʳ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ QMS403 CF AEOLOS 

(Netzsch, ɻʝʨʤʘʥʠʷ). 

2.2.4 ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ (ʀʂ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

INFRALUM FT801 (ʃʖʄɽʂʉ, ʈʦʩʩʠʷ) ʠ Scimitar FTS 2000 (Digilab LLC, ʉʐɸ). ʀʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʩʤʝʰʠʚʘʣʠ ʩ KBr ʠ ʧʨʝʩʩʦʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ. ʉʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ ʦʪ 

4000 ʜʦ 400 ʩʤ
-1

. 

2.2.5 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ (ʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʥʘ 

ʷʜʨʘʭ 
57

Fe ʧʨʠ 77 ʂ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (298 ʂ). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ɔ-ʢʚʘʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 
57
Co ʚ ʤʘʪʨʠʮʝ ʨʦʜʠʷ (Rh). ʀʟʦʤʝʨʥʳʝ ʩʜʚʠʛʠ ʧʨʠʚʦʜʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʯʠʩʪʦʛʦ Ŭ-Fe. ʉʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʗɻʈ ʩʧʝʢʪʨʦʤʝʪʨʘ NZ-640/2 (ɺʝʥʛʨʠʷ). 
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2.2.6 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʗʄʈ 
23

Na ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʪʚʝʨʜʦʪʝʣʴʥʦʤ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker AV-300 (B0=7,05 ʊʣ) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʵʭʘ ʍʘʥʘ ʧʨʠ 300ʂ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʰʠʨʦʢʦʣʠʥʝʡʥʦʛʦ ʟʦʥʜʘ. ʉʧʝʢʪʨʳ ʩʦʩʪʘʚʣʝʥʳ ʠʟ ~30 ʬʨʘʛʤʝʥʪʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʜʚʠʛʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩ ʰʘʛʦʤ 100 ʢɻʮ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʧʨʠʚʝʜʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaCl (0 ʤ.ʜ.). 

2.2.7 ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ  

ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ VSM-5ʊ 

(CRYOGENIC) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 K ʚ ʧʦʣʷʭ ʜʦ 5 ʊʣ. 

2.2.8 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʧʦ ʮʠʢʣʠʨʦʚʘʥʠʶ Biologic BCS 805 ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʪʠʧʘ Swagelok. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʠʪʠʡ ʠʣʠ ʥʘʪʨʠʡ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʣɻʝʢʪʨʦʜʥʦʡ ʤʘʩʩʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ (60-75%), ʩʘʞʫ çʇ277è (20-35%) ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʜʦʙʘʚʢʠ ʠ ʜʚʫʭʧʨʦʮʝʥʪʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ 

(ʇɺɼʌ) ʚ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ (5%) ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ. ʇʨʠʛʦʪʦʚʣʝʥʥʫ  ʁʵʣʝʢʪʨʦʜʥʫ  ʁ

ʤʘʩʩʫ ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ (ʜʣʷ ʢʘʪʦʜʘ) ʠʣʠ ʤʝʜʥʫʶ (ʜʣʷ ʘʥʦʜʘ) ʬʦʣʴʛʫ ʩ 

ʠʩʧʩʦʣʴʟʦʚʘʥʠʝʤ doctor blade. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʤ ʰʢʘʬʫ (Labtex 

LT-VO/20) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 2-5 ʯʘʩʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʛʠ ʠ 

ʦʩʪʘʪʢʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʀʟ ʚʳʩʫʰʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠ ʧʦʤʦʱʠ ʨʝʟʘʢʘ ʚʳʨʝʟʘʣʠ ʛʦʪʦʚʳʝ ʢʘʪʦʜʳ 

(ʘʥʦʜʳ) ʜʠʘʤʝʪʨʦʤ 1 ʩʤ. ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʦʜʳ (ʘʥʦʜʳ) ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ 

ʪʠʧʘ Swagelock. ʄʘʩʩʦʚʘʷ ʟʘʛʨʫʟʢʘ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 1,5-3,0 ʤʛĀʩʤ
-2

. 

ɼʘʣʴʥʝʡʰʫ  ʁ ʩʙʦʨʢʫ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʘʨʛʦʥʦʚʦʤ ʙʦʢʩʝ (VBOX-SS 950, ɺʠʣʠʪʝʢ). ʇʨʠ 

ʩʙʦʨʢʝ ʷʯʝʡʢʠ ʵʣʝʢʪʨʦʜʳ ʨʘʟʜʝʣʷʣʠ ʩʝʧʘʨʘʪʦʨʦʤ ʬʠʨʤʳ Whatman (Glass microfiber filters GF/C), 

ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʧʨʦʧʠʪʘʥ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʞʠʜʢʠʤ ʵʣʝʢʪʨʦʣʠʪʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ 1ʄ ʨʘʩʪʚʦʨ LiPF6 ʚ ʩʤʝʩʠ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪʘ (ʕʂ) ʠ ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʘ 

(ɼʄʂ) (2:1 ʧʦ ʤʘʩʩʝ) ʠʣʠ 1ʄ ʨʘʩʪʚʦʨ NaPF6 ʚ ʩʤʝʩʠ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪʘ (ʕʂ) ʠ 

ʧʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪʘ (ʇʂ) (1:1 ʧʦ ʤʘʩʩʝ). ɻʝʨʤʝʪʠʯʥʦ ʩʦʙʨʘʥʥʫʶ ʷʯʝʡʢʫ ʚʳʥʠʤʘʣʠ ʠʟ ʙʦʢʩʘ ʠ 

ʧʦʜʩʦʝʜʠʥʷʣʠ ʢ ʫʩʪʘʥʦʚʢʝ ʧʦ ʮʠʢʣʠʨʦʚʘʥʠʶ. ʎʠʢʣʠʨʦʚʘʥʠʝ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ (ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ), ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʷʯʝʡʢʫ, ʠ 

ʜʠʘʧʘʟʦʥʘʭ ʥʘʧʨʷʞʝʥʠʷ (1,5-4,4 ɺ ʠ 0,1-2,0 ɺ). ʉʢʦʨʦʩʪʠ ʦʙʦʟʥʘʯʘʣʠ ʚ ʦʙʱʝʧʨʠʥʷʪʦʤ ʚʠʜʝ: ʉ/n, 
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ʛʜʝ ʉ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʫʜʝʣʴʥʘʷ ʸʤʢʦʩʪʴ, n ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ, ʟʘ ʢʦʪʦʨʦʝ ʷʯʝʡʢʘ ʜʦʣʞʥʘ 

ʜʦʩʪʠʛʥʫʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʸʤʢʦʩʪʴ.  

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʩ ʣʠʥʝʡʥʦʡ ʨʘʟʚʝʨʪʢʦʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʥʘʧʨʷʞʝʥʠʷ 2,0-4,0 ɺ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,04 ʤɺĀʩ
ī1

.  

2.2.9 ɻʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʨʳʚʠʩʪʦʝ ʪʠʪʨʦʚʘʥʠʝ (GITT)  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (GITT) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Li , Na) ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʎʠʢʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʧʦʣʫʷʯʝʡʢʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʙʦʨʢʠ ʩ ʧʝʨʠʦʜʦʤ ʪʠʪʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʢʣʶʯʝʥʠʝʤ 

(ʨʝʣʘʢʩʘʮʠʝʡ) ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜ, ʩʦʩʪʘʚʣʷʣʘ 

9,58 ʤɸĀʛ
-1

 (Na3FePO4CO3), 8,30 ʤɸĀʛ
-1

 (NaFe3(SO4)2(OH)6) ʠ 6,35 ʤɸĀʛ
-1

 (NaFe2PO4(SO4)2), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/20.  

DA+ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ:  

Ὀ Ὅ
Ⱦ

Ⱦ Ⱦ ȟὸḺ†                                        (2.1), 

ʛʜʝ VM ï ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ, S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ, I0 ï 

ʠʤʧʫʣʴʩ ʪʦʢʘ, ŭEs/ŭx ïʨʘʚʥʦʚʝʩʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ ʠ ŭE/ŭt
1/2

 ï ʥʘʢʣʦʥ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʦʪ ʚʨʝʤʝʥʠ. 

2.2.10 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʫʩʪʘʥʦʚʦʢ: ʠʟʤʝʨʠʪʝʣʷ RCL ɽ7-25 ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ ʄʅʀʇʀ (ɹʝʣʘʨʫʩʴ) ʠ ʫʩʪʘʥʦʚʢʠ Biologic BCS 805 ʚ ʨʝʞʠʤʝ ʠʤʧʝʜʘʥʩʤʝʪʨʘ ʥʘ 

ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʝʮ ʩʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ ʠ ʥʘʥʦʩʠʣʠ ʧʨʦʚʦʜʷʱʫʶ 

ʧʘʩʪʫ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʥʘ ʪʦʨʮʳ ʪʘʙʣʝʪʢʠ. ɼʘʣʝʝ ʪʘʙʣʝʪʢʠ ʚʳʩʫʰʠʚʘʣʠ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠʟ ʧʨʦʚʦʜʷʱʝʡ ʧʘʩʪʳ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʣ 25 ɻʮ - 1 ʄɻʮ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʦʨʘ Biologic BCS 805 ʚ ʨʝʞʠʤʝ 

ʠʤʧʝʜʘʥʩʤʝʪʨʘ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʙʨʘʥʥʳʭ ʧʦʣʫʷʯʝʝʢ. ʉʧʝʢʪʨʳ ʠʤʧʝʜʘʥʩʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 10 ʢɻʮ-100 ʤɻʮ.  
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2.3 ʈʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ 

2.3.1 ʄʝʪʦʜ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʫʧʥʳʭ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ 

ʇɺɼ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ToposPro [82]. ʄʝʪʦʜʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ 

ʨʘʙʦʪʘʭ [83ï85]. ʇʫʩʪʦʪʳ ʠ ʢʘʥʘʣʳ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʤʠʛʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʦʪʙʠʨʘʣʠ ʩʦʛʣʘʩʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ: Rsd ï ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʫʩʪʦʪʳ ʠ Rad ï 

ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʥʘʣʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʩʝ ʧʫʩʪʦʪʳ ʠ ʢʘʥʘʣʳ 

ʩ ʨʘʟʤʝʨʘʤʠ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ, Rsd ʠ Rad, ʩʯʠʪʘʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʜʠʬʬʫʟʠʠ 

ʨʘʙʦʯʠʭ ʠʦʥʦʚ. ɿʥʘʯʝʥʠʷ Rsd ʠ Rad ʚʳʙʠʨʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʚʝʩʪʥʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʪʘʢʦʛʦ ʞʝ ʪʠʧʘ. 

2.3.2 ʄʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʊʌʇ) 

ɺʩʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Vienna Ab initio Simulation 

Package (VASP) [86] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʙʦʙʱʸʥʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʬʦʨʤʝ Perdew-Burke-Ernzerhof (GGA-PBE) ʩ 

ʧʦʧʨʘʚʢʦʡ ʍʘʙʙʘʨʜʘ (GGA + U) [87]. ʇʘʨʘʤʝʪʨ U (ʧʦʧʨʘʚʢʘ ʍʘʙʙʘʨʜʘ) ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Fe 

ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʨʘʚʥʳʤ 4,0 ʵɺ [88]. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʟʦʥʝ ɹʨʠʣʣʶʵʥʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʝʪʢʘ ʪʦʯʝʢ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 2 ́Ĭ 0.025 ¡
ī1
, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʄʦʥʢʭʦʨʩʪʘ-ʇʘʢʘ [89], ʘ 

ʵʥʝʨʛʠʷ ʦʙʨʝʟʘʥʠʷ ʧʣʦʩʢʠʭ ʚʦʣʥ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ, ʨʘʚʥʦʡ 600 ʵɺ. ɼʣʷ ʫʯʝʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ NaFe2PO4(SO4)2 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʷʯʝʡʢʠ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Supercell [90]. ɺʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠ ʩʘʤʘʷ 

ʩʪʘʙʠʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ (ʩ ʥʘʠʤʝʥʴʰʝʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ) ʦʪʦʙʨʘʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʠ Na3FePO4CO3 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ æEf  ʜʣʷ ʢʘʞʜʦʛʦ Na3-xFePO4CO3 (x = 0-3) ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ЎὉ Ὁ ρ ϽὉ ϽὉ                                                      (2.2) 

ʛʜʝ, E0 = E(Na3FePO4CO3), E1 = E(Na3-xFePO4CO3) ʠ E2 = E(FePO4CO3). ɿʥʘʯʝʥʠʝ n ʨʘʚʥʦ 3. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʢʝʪʦʤ Site-Occupancy Disorder (SOD) [91], ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 6 ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʭ, ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

ʉʨʝʜʥʠʡ ʵʣʝʢʪʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ὠ                                                (2.3) 
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ʛʜʝ E(x) ï ʵʥʝʨʛʠʷ Na3-xFePO4CO3 ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, E(Na) ï ʵʥʝʨʛʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʥʘʪʨʠʷ ʚ ʨʘʩʯʸʪʝ ʥʘ ʦʜʠʥ ʘʪʦʤ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʜʣʷ x = 0-3.  

ʕʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʡ ʬʘʟʳ ʷʨʦʟʠʪʘ Na1-xLi xFe3(SO4)2(OH)6 ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

(2.2), ʛʜʝ n = 1, ʘ E0 = E(NaFe3(SO4)2(OH)6), E1 = E(Na1-xLi xFe3(SO4)2(OH)6) ʠ E2 = 

E(LiFe3(SO4)2(OH)6).   
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ɻʣʘʚʘ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

3.1 Na3FePO4CO3 

3.1.1 ʉʠʥʪʝʟ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʂʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ-ʥʘʪʨʠʷ Na3FePO4CO3 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ [92,93] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 ÁC ʚ ʪʝʯʝʥʠʝ 54 ʯʘʩʦʚ. ɼʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʛʣʝʨʦʜʦʤ Na3FePO4CO3/C Na3FePO4CO3 

ʩʤʝʰʠʚʘʣʠ ʩ ʩʘʞʝʡ ʤʘʨʢʠ çʇ277è ʚ ʩʦʦʪʥʦʰʝʥʠʠ, ʨʘʚʥʦʤ 80:20. ɼʘʥʥʫ  ʁʩʤʝʩʴ ʧʦʜʚʝʨʛʘʣʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʴʥʠʮʳ SPEX 8000ʄ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ 

ʜʠʘʤʝʪʨʦʤ 0,6 ʩʤ ʚ ʪʝʯʝʥʠʝ 15, 30 ʠ 210 ʤʠʥ. ʉʦʦʪʥʦʰʝʥʠʝ ʰʘʨʦʚ ʠ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʦ 20:1. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ Na3FePO4CO3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1. ɺʩʝ ʨʝʬʣʝʢʩʳ ʫʩʧʝʰʥʦ 

ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʩ ʇɻʉ P21/m (PDF 89-7482). 

 
ʈʠʩʫʥʦʢ 3.1 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʠʩʭʦʜʥʦʛʦ Na3FePO4CO3 ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ 

ʈʠʪʚʝʣʴʜʘ. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʰʪʨʠʭʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʟʠʮʠʠ ʨʝʬʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʤʦʡ ʬʘʟʳ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʩʪʨʫʢʪʫʨʘ Na3FePO4CO3 (NFPC) ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʣʠʵʜʨʦʚ FeO6, PO4 ʠ CO3, ʩʦʝʜʠʥʝʥʥr ʭ ʨʝʙʨʘʤʠ ʠ ʛʨʘʥʷʤʠ, ʦʙʨʘʟʫʷ ʜʚʫʤʝʨʥʳʝ ʩʣʦʠ (ʨʠʩʫʥʦʢ 

3.2ʘ,ʙ). ɸʪʦʤʳ Na ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ: ʧʦʟʠʮʠʷ Na(1) 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʩʝʤʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʧʦʟʠʮʠʷ Na(2) ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. 

ʄʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʧʦʟʠʮʠʡ Na(1) ʠ Na(2) ʨʘʚʥʳ 4 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Z=2), ʪ.ʝ. ʥʘ ʦʜʥʫ 

ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ ʧʨʠʭʦʜʠʪʩʷ ʜʚʘ Na(1) ʠ ʦʜʠʥ Na(2). ʋʪʦʯʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na3FePO4CO3 (ʪʘʙʣʠʮʘ 3.1) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [66]. 
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ʊʘʙʣʠʮʘ 3.1 - ʋʪʦʯʥʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na3FePO4CO3 (NFPC) 

ʆʙʨʘʟʝʮ a, ¡ b, ¡ c, ¡ V, ¡
3
 ɓ, Á Rwp,% ɢ

2
 

NFPC 8,9369(6) 6,6034(2) 5,1494(2) 303,88(3) 89,553(4) 7,65 2,826 

NFPC-15 8,9199(4) 6,5843(3) 5,1577(2) 302,9(2) 89,553(3) 3,73 1,26 

NFPC/C-15 8,891(2) 6,493(1) 5,191(1) 299,6(1) 89,11(1) 7,38 2,936 

NFPC/C-30 8,883(3) 6,495(1) 5,196(1) 299,8(1) 89,06(2) 5,91 1,792 

NFPC/C-210 8,844(6) 6,574(4) 5,182(2) 301,2(4) 88,60(3) 4,33 1,624 

 

 

ʈʠʩʫʥʦʢ 3.2 - ʉʪʨʫʢʪʫʨʘ Na3FePO4CO3 (ʘ,ʙ) ʠ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 

[010] (ʚ) ʠ [001] (ʛ). 

ɸʥʘʣʠʟ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʩʪʨʫʢʪʫʨʝ Na3FePO4CO3 ʧʨʦʚʝʜʝʥ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʘ ʇɺɼ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ToposPro [82]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʧʫʩʪʦʪʘʤʠ ʠ ʢʘʥʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʛʨʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʠʦʥʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʧʫʩʪʦʪ ʠ ʢʘʥʘʣʦʚ ʜʣʷ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʯʠʩʣʝʥʥʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʘʜʠʫʩʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʫʩʪʦʪʳ Rsd ʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʥʘʣʘ Rad [85]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʫʩʪʦʪ ʠ ʢʘʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

Rad Ó 2,08 ¡, Rsd = 1,54 ¡. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʤʠʛʨʘʮʠʷ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ Na3FePO4CO3 ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ [010] ʠ [001] (ʨʠʩʫʥʦʢ 3.2ʚ,ʛ).  
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ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ Na3FePO4CO3, ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʫʛʣʝʨʦʜʘ 

(NFPC-15), ʠ ʢʦʤʧʦʟʠʪʦʚ Na3FePO4CO3/C (NFPC/C-15, NFPC/C-30 ʠ NFPC/C-210) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 3.3. ɺʠʜʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʫʰʠʨʝʥʠʶ ʨʝʬʣʝʢʩʦʚ Na3FePO4CO3. ʋʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʘ (100) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʥʪʠʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ Fe-Na. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʠ ʚ ʩʣʫʯʘʝ Na3MnPO4CO3 ʧʦʩʣʝ 

ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʤʝʣʴʥʠʮʝ SPEX ʚ ʪʝʯʝʥʠʝ 10-180 ʤʠʥ [16].  

 

ʈʠʩʫʥʦʢ 3.3 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ NFPC (1), NFPC-15 (2), NFPC/C-15 (3), NFPC/C-30 (4), 

NFPC C-210 (5). 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʧʦʣʠʵʜʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ. ɺ 

ʪʘʙʣʠʮʝ 3.2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʢʪʘʵʜʨʘ FeO6 ʜʣʷ ʠʩʭʦʜʥʦʛʦ 

Na3FePO4CO3 ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʙʨʘʟʮʘ Na3FePO4CO3/C-30. ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʠʩʢʘʞʝʥʠʷ ʧʦʣʠʵʜʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʯʘʩʪʠʯʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ Na3FePO4CO3 ʠ ʚʦʟʤʦʞʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʦʥʦʚ Fe
2+

 ʜʦ Fe
3+
, ʧʦʩʢʦʣʴʢʫ Na3FePO4CO3 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ [92]. ʇʦʜʨʦʙʥʦʝ ʫʪʦʯʥʝʥʠʝ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʪʘʙʣʠʮʘ 3.1). ʆʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ Na3FePO4CO3 ʫʤʝʥʴʰʠʣʩʷ ʩ 303,88 ¡
3
 ʜʦ 302,9 ¡

3
 ʜʣʷ NFPC-15 ʠ ʜʦ å 300 ¡

3
 ʜʣʷ 

ʢʦʤʧʦʟʠʪʦʚ NFPC/C. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʘʥʦ ʩ ʯʘʩʪʠʯʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʠʦʥʦʚ Fe
2+

 ʜʦ Fe
3+
, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʗɻʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʤ. ʥʠʞʝ). ɸʥʘʣʦʛʠʯʥʳʝ 
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ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ Na3FePO4CO3 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ K2S2O8 ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʙʦʪʝ [66]. 

 

ʊʘʙʣʠʮʘ 3.2 - ɼʣʠʥʳ ʩʚʷʟʠ Fe-O (¡) ʠ ʫʛʣʳ O-Fe-O (Á) ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʵʜʨʝ FeO6 

ʠʩʭʦʜʥʦʛʦ Na3FePO4CO3 ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ Na3FePO4CO3/C-30. 

Na3FePO4CO3 

Fe O1 O2 O4 O4 O5 O6 

O1 2,11(3) 59,9(4) 82,6(4) 82,6(4) 81,3(4) 179,5(4) 

O2 59,9(4) 2,31(3) 84,4(4) 84,4(4) 141,2(4) 120,6(4) 

O4 82,6(4) 84,4(4) 1,984(9) 164,61(3) 91,1(4) 97,4(4) 

O4 82,6(4) 84,4(4) 164,61(3) 1,984(9) 91,1(4) 97,4(4) 

O5 81,3(4) 141,2(4) 91,1(4) 91,1(4) 2,12(3) 98,2(4) 

O6 179,5(4) 120,6(4) 97,4(4) 97,4(4) 98,2(4) 2,10(3) 

ʉʨʝʜʥʝʝ 2,101(5)  

 

Na3FePO4CO3/C-30  

Fe O1 O2 O4 O4 O5 O6 

O1 2,31(7) 57,5(4) 74,6(5) 74,6(5) 91,9(5) 179,9(8) 

O2 57,5(4) 2,70(7) 99,9(5) 99,9(5) 34,4(4) 122,5(8) 

O4 74,6(5) 99,9(5) 1,76(3) 125,6(7) 112,4(6) 105,4(8) 

O4 74,6(5) 99,9(5) 125,6(7) 1,76(3) 112,4(6) 105,4(8) 

O5 91,9(5) 34,4(4) 112,4(6) 112,4(6) 2,20(7) 88,2(7) 

O6 179,9(8) 122,5(8) 105,4(8) 105,4(8) 88,2(7) 1,49(7) 

ʉʨʝʜʥʝʝ 2,036(5)  

 

3.1.2 ʄʦʨʬʦʣʦʛʠʷ  

ʄʦʨʬʦʣʦʛʠʶ ʠʩʭʦʜʥʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ Na3FePO4CO3 ʠʟʫʯʘʣʠ 

ʤʝʪʦʜʦʤ ʉʕʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ, ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʰʘʨʦʚʦʡ 

ʤʝʣʴʥʠʮʝ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩʫʥʦʢ 3.4). ʏʘʩʪʠʮ rʠʩʭʦʜʥʦʛʦ 

Na3FePO4CO3 ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʧʣʘʩʪʠʥʢʠ ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ 1,0-2,5 ʤʢʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

120-180 ʥʤ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʧʣʘʩʪʠʥʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʯʘʩʪʠʮʳ Na3FePO4CO3/C ʧʨʠʦʙʨʝʪʘʶʪ ʩʣʝʛʢʘ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ; ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 500-600 ʥʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʯʘʩʪʠʮ ʩ ʜʨʫʛʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʧʨʠʥʘʜʣʝʞʘʪ ʬʘʟʝ 

ʦʨʪʦʬʦʩʬʘʪʘ ʥʘʪʨʠʷ (Na3PO4), ʦʙʨʘʟʫʶʝɦʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

Na3FePO4CO3 ʚ ʭʦʜʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʦʙʨʘʟʮʘ 

Na3FePO4CO3/C-30 ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʜʘʥʥʳʝ ʯʘʩʪʠʮʳ ʠʩʯʝʟʘʶʪ (ʨʠʩʫʥʦʢ 3.4ʝ). 

ʆʪʩʫʪʩʪʚʠʝ ʨʝʬʣʝʢʩʦʚ Na3PO4 ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʬʘʟʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ. 
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ʈʠʩʫʥʦʢ 3.4 - ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ: NFPC (a), NFPC-15 (ʙ), NFPC/C-15 (ʚ), NFPC/C-30 

(ʛ), NFPC/C-210 (ʜ) ʠ NFPC/C-30 ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʚ H2O (ʝ). 

3.1.3 ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʮʦʚ NFPC, NFPC/C-30 ʠ NFPC/ʉ-210 ʙʳʣʘ ʠʟʫʯʝʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʉʂ/ʊɻ). ʅʘ ʨʠʩʫʥʢʝ 3.5ʘ,ʙ ʧʦʢʘʟʘʥʳ 

ɼʉʂ/ʊɻ ʢʨʠʚʳʝ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ NFPC, NFPC/C-30 ʠ NFPC/ʉ-210 ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ.  

(ʘ) (ʙ) 

(ʚ) (ʛ) 

(ʜ) (ʝ) 

5 ʤʢʤ 5 ʤʢʤ 

5 ʤʢʤ 5 ʤʢʤ 

5 ʤʢʤ 5 ʤʢʤ 
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ʈʠʩʫʥʦʢ 3.5 - ʂʨʠʚʳʝ ɼʉʂ/ʊɻ (ʘ) ʠ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʙ) ʜʣʷ 

NFPC, NFPC/C-30 ʠ NFPC/ʉ-210; (ʚ) in situ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ NFPC.  

ʄʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʧʨʠ 545 Áʉ ʜʣʷ NFPC, ʧʨʠ 478 Áʉ ʜʣʷ 

NFPC/C-30 ʠ ʧʨʠ 467 Áʉ ʜʣʷ NFPC/C-210. ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʳʟʚʘʥʦ ʥʘʣʠʯʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 700 ÁC ʦʙʨʘʟʮʳ NFPC, NFPC/C-30 ʠ 

NFPC/ʉ-210 ʪʝʨʷʶʪ ʦʢʦʣʦ 17 ʤʘʩʩ.%, 24 ʤʘʩʩ.% ʠ 25 ʤʘʩʩ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʪʝʨʷ ʤʘʩʩʳ 1-8%, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʜʠʘʧʘʟʦʥʝ 50-250 ÁC, ʩʚʷʟʘʥʘ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʷʟʘʥʘ ʩ 

ʚʳʜʝʣʝʥʠʝʤ CO2. ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ NFPC ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 11,1% ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 530-570 ÁC, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ 13,8%. ʈʝʘʢʮʠʷ 

ʨʘʟʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

Na3FePO4CO3 Ÿ Na3PO4+FeO+CO2ŷ                                         (3.1) 

ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ NFPC ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʠʨʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʯʘʩʪʠʮʘʭ, ʠ ʛʨʘʬʠʪʠʟʘʮʠʷ ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 
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ʚʳʰʝ 650 ÁC. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ NFPC, ʘ ʪʘʢʞʝ ʢ ʯʘʩʪʠʯʥʦʤʫ ʝʛʦ ʦʢʠʩʣʝʥʠʶ ʠ ʨʘʟʣʦʞʝʥʠʶ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʪʝʨʷ ʤʘʩʩʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ NFPC/C-30 ʠ NFPC/ʉ-210 ʙʳʣʘ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 7,4% ʜʣʷ NFPC/C-30 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 440-500 ÁC ʠ 4,5% 

ʜʣʷ NFPC/ʉ-210 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 350-515 ÁC. ʅʘ ʨʠʩʫʥʢʝ 3.5ʚ ʧʨʠʚʝʜʝʥʳ in situ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ NFPC ʜʦ 600 ÁC. ɺʠʜʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ 500 ÁC ʧʦʷʚʣʷʶʪʩʷ 

ʨʝʬʣʝʢʩʳ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʘʥʥʳʤʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

3.1.4 ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ NFPC ʠ NFPC/C ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʀʂ, ʗɻʈ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʂ ʩʧʝʢʪʨ NFPC ʦʪʦʙʨʘʞʘʝʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʣʝʙʘʥʠʷ PO4
3-

 ʠ CO3
2-

 ʛʨʫʧʧ (ʨʠʩʫʥʦʢ 3.6), ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷʤ ʜʣʷ 

Na3MnPO4CO3, ʦʧʠʩʘʥʥʳʤ ʚ [94,95]. ʉʠʤʤʝʪʨʠʯʥʳʝ ɜ1 ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ɜ3 ʚʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ PO4
3- 
ʛʨʫʧʧ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 900-1200 ʩʤ

-1
, ʘ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ɜ4 ʠ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ɜ2 ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ O-P-O ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 500-650 ʩʤ
-1

. 

ʇʦʣʦʩʳ ʧʨʠ 1548, 1410 ʠ 1371 ʩʤ
-1

 ʦʪʥʦʩʷʪʩʷ ʢ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ CO3
2-
, ʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ O-C-O ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 723-870 ʩʤ
-1

. ʇʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 1613-

1665 ʩʤ
-1

 ʦʪʥʦʩʷʪʩʷ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ H2O. ʍʦʪʷ ʀʂ ʩʧʝʢʪʨʳ NFPC-15 ʠ NFPC 

ʘʥʘʣʦʛʠʯʥʳ, ʰʠʨʠʥʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʀʂ ʩʧʝʢʪʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ (NFPC/C-15, NFPC/C-30 ʠ NFPC/C-210) ʟʘʤʝʪʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʧʝʢʪʨʦʚ NFPC ʠ NFPC-15; ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧ PO4
3-
 

ʩʜʚʠʛʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʦ ʠʩʢʘʞʝʥʠʝʤ ʪʝʪʨʘʵʜʨʦʚ PO4
3-

 ʠ ʩʥʠʞʝʥʠʝʤ ʠʭ ʩʠʤʤʝʪʨʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ CO3
2- 
ʛʨʫʧʧ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʟ-ʟʘ ʨʘʟʣʦʞʝʥʠʷ NFPC, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ CO2. 



64 

 

ʈʠʩʫʥʦʢ 3.6 - ʀʂ ʩʧʝʢʪʨʳ NFPC (1), NFPC-15 (2), NFPC/C-15 (3), NFPC/C-30 (4), NFPC/C-210 

(5). 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ NFPC ʠ ʚ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ 

NFPC-15 ʠ NFPC/C ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʗɻʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʠʟʦʤʝʨʥʦʛʦ (ʭʠʤʠʯʝʩʢʦʛʦ) ʩʜʚʠʛʘ IS ʠʦʥʦʚ Fe ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

Fe, ʘ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ QS ʟʘʚʠʩʠʪ ʦʪ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʦʢʨʫʞʝʥʠʷ Fe ʠʣʠ ʩʪʝʧʝʥʠ 

ʠʩʢʘʞʝʥʠʷ ʧʦʣʠʵʜʨʘ ʚ ʩʪʨʫʢʪʫʨʝ [96]. ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7, ʗɻʈ ʩʧʝʢʪʨ NFPC, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʜʫʙʣʝʪʘʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʠʦʥʘʤ Fe
2+

 ʠ Fe
3+

 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ɿʥʘʯʝʥʠʷ IS ʠ QS 

ʨʘʚʥʳ 1,19 ʤʤĀʩ
-1

 ʠ 1,65 ʤʤĀʩ
-1

 ʜʣʷ ʠʦʥʦʚ Fe
2+

 ʠ 0,39 ʤʤĀʩ
-1

 ʠ 0,35 ʤʤĀʩ
-1

 ʜʣʷ ʠʦʥʦʚ Fe
3+

 (ʪʘʙʣʠʮʘ 

3.3). ʆʪʥʦʰʝʥʠʝ Fe
2+

/Fe
3+

 ʩʦʩʪʘʚʣʷʝʪ ~ 2. ɺ ʗɻʈ ʩʧʝʢʪʨʝ NFPC-15 ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ 

ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʫʙʣʝʪʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʦʥʘʤ Fe
2+

 ʠ Fe
3+

 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ IS, ʨʘʚʥʳʤʠ 1,20 ʤʤĀʩ
-1

 ʠ 0,39 ʤʤĀʩ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʝ QS ʜʣʷ ʠʦʥʦʚ Fe
2+

 

ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC-15 ʘʥʘʣʦʛʠʯʥʦ ʠ ʨʘʚʥʦ 1,65 ʤʤĀʩ
-1

. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ QS ʜʣʷ ʠʦʥʦʚ Fe
3+

 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 0,35 ʤʤĀʩ
-1
ʜʦ 0,60 ʤʤĀʩ

-1
, ʯʪʦ ʚʳʟʚʘʥʦ ʠʩʢʘʞʝʥʠʝʤ Fe

3+
O6 ʦʢʪʘʵʜʨʘ ʚ ʧʨʦʮʝʩʩʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʪʥʦʰʝʥʠʝ Fe
2+

/Fe
3+

 ʩʦʩʪʘʚʣʷʝʪ ~2/3, ʪ.ʝ. ʚ ʩʪʨʫʢʪʫʨʝ NFPC-15 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʝ ʠʦʥʦʚ Fe
3+

.  

ʅʘ ʩʧʝʢʪʨʘʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ NFPC/C ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥʦʯʥʳʡ ʜʫʙʣʝʪ ʩ IS, 

ʨʘʚʥʳʤ 0,40-0,41 ʤʤĀʩ
-1

, ʠ QS, ʨʘʚʥʳʤ 0,30-0,63 ʤʤĀʩ
-1
, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʠʦʥʘʤ 

Fe
3+

 (ʪʘʙʣʠʮʘ 3.3). ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʗɻʈ ʩʧʝʢʪʨʘʤ, ʠʦʥʳ Fe
2+

 ʦʪʩʫʪʩʪʚʫʶʪ. ʀʟ-ʟʘ ʙʣʠʟʢʠʭ 

ʟʥʘʯʝʥʠʡ IS ʜʣʷ ʠʦʥʦʚ Fe
3+

 ʥʘ ʩʧʝʢʪʨʘʭ NFPC, NFPC/C-15 ʠ NFPC/C-30 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 
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ʯʪʦ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʠʩʣʦʨʦʜʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʠʦʥʦʚ Fe
3+

 ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʙʦʣʝʝ 30 ʤʠʥ) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʥʘʯʝʥʠʷ QS ʠʟ-ʟʘ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʦʢʪʘʵʜʨʦʚ Fe
3+

O6, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʠʣʴʥʦʤʫ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ NFPC/C-210, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʌɸ). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʢʠʩʣʝʥʠʶ ʠʦʥʦʚ ʞʝʣʝʟʘ Fe
2+
ŸFe

3+
 ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠ̫ 

ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ.  

ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʦʞʝʥʠʝ NFPC ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ Fe3O4, 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʜʠʥʦʯʥʳʡ ʜʫʙʣʝʪ, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʩʧʝʢʪʨʘʭ ʢʦʤʧʦʟʠʪʦʚ NFPC/C ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ ʩʧʝʢʪʨʦʚ ʩ ʙʣʠʟʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ Fe3O4 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʦʙʨʘʪʥʦʡ ʰʧʠʥʝʣʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʦʥʳ Fe
3+

 ʠ Fe
2+

. ɼʣʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ Fe3O4, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʤʠ, ʨʘʟʜʝʣʝʥʠʝ ʧʦʟʠʮʠʡ A ʠ B ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʣʶʜʝʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʜʫʙʣʝʪʘ ʥʘ ʗɻʈ ʩʧʝʢʪʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ 77 K ʚ ʩʧʝʢʪʨʝ NFPC/C-30 ʥʘʙʣʶʜʘʣʠ ʰʝʩʪʴ ʧʨʝʜʝʣʴʥʦ 

ʫh ʠʨʝʥʥʳʭ ʣʠʥʠʡ (ʨʠʩʫʥʦʢ 3.7, ʢʨʠʚʘʷ 4). ʉʧʝʢʪʨ ʙʳʣ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ ʢʘʢ ʤʘʛʥʠʪʥʳʡ ʩʝʢʩʪʝʪ 

ʩ IS, ʨʘʚʥʳʤ 0,47 ʤʤĀʩ
-1
, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ Fe3O4, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [97]. ʋʰʠʨʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʦʤ 

ʩʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤʘ Fe3O4.  
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ʈʠʩʫʥʦʢ 3.7 - 
57
Fe ʗɻʈ ʩʧʝʢʪʨʳ NFPC (1), NFPC-15 (2), NFPC/C-15 (3), NFPC/C-30 ʧʨʠ 77 K (4), 

NFPC/C-30 (5), NFPC/ʉ-210 (6). 
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ʊʘʙʣʠʮʘ 3.3 - ʗɻʈ ʧʘʨʘʤʝʪʨ rʦʙʨʘʟʮʦʚ NFPC. 

ʆʙʨʘʟʝʮ ʀʦʥ IS, ʤʤ ʩ
-1

 QS, ʤʤ ʩ
-1

 ʐʠʨʠʥʘ, ʤʤ ʩ
-1

 ʉʦʜʝʨʞʘʥʠʝ 

Fe, % 

NFPC Fe
2+

 1,19 1,65 0,535 67,1 

Fe
3+

 0,39 0,35 0,433 32,9 

      

NFPC-15 Fe
2+

 1,20 1,65 0,41 39,5 

Fe
3+

 0,39 0,60 0,57 60,5 

      

NFPC/C-15 Fe
3+

 0,40 0,30 0,612 100 

NFPC/C-30 Fe
3+

 0,41 0,31 0,456 100 

NFPC/C-210 

Fe3O4 ʧʨʠʤʝʩʴ  

Fe
3+

 

Fe
3+

 

0,40 

0,47 

0,63 

- 

0,623 

1,42 

100 

 

 

23
Na ʗʄʈ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C-30 ʧʦʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ 3.8). 

ʉʧʝʢʪʨʳ ʩʦʜʝʨʞʘʪ ʩʣʝʛʢʘ ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʫʟʢʠʡ ʩʠʛʥʘʣ ʠ ʰʠʨʦʢʠʡ ʬʦʥʦʚʳʡ ʢʦʤʧʦʥʝʥʪ ʩ 

ʧʦʣʫʰʠʨʠʥʦʡ 100 ʢɻʮ ʠ 1,5 ʄɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʎʝʥʪʨʳ ʩʠʛʥʘʣʦʚ ʙʣʠʟʢʠ ʢ 0 ʤ.ʜ., ʘ ʬʦʨʤʘ 

ʩʠʛʥʘʣʦʚ ʙʣʠʟʢʘ ʢ ɻʘʫʩʩʦʚʦʡ. ʆʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʘʚʥʦ 40:60 ʜʣʷ NFPC 

ʠ 56:44 ʜʣʷ NFPC/C-30. ɹʦʣʴʰʘʷ ʰʠʨʠʥʘ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʩʠʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʷʜʨʘʭ 
23
Na, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʤʫ 

ʫʰʠʨʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ NFPC ʝʩʪʴ ʜʚʝ ʧʦʟʠʮʠʠ 

ʥʘʪʨʠʷ: Na(1) (4f) ʠʤʝʝʪ ʪʨʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʦʩʝʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 3,1 ¡, 3,3 ¡ ʠ 3,8 ¡, ʘ Na(2) 

(2e) ʠʤʝʝʪ ʯʝʪʳʨʝ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʩʦʩʝʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4,2 ¡, 4,2 ¡, 4,7 ¡ ʠ 4,9 ¡. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʫ ʠʦʥʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

ʣʦʢʘʣʴʥʳʝ ʧʦʣʷ ʥʘ Na(1) ʠ Na(2) ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 0,3 ʠ 0,1 ʊʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʜʚʠʛʘʤ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 3,4 ʄɻʮ ʠ 1,1 ʄɻʮ. ʇʦʩʢʦʣʴʢʫ 

ʨʘʟʥʠʮʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʜʚʘ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʘ, ʚʝʨʦʷʪʥʦ, 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʠʦʥʘʤ ʥʘʪʨʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʷʜʨʘ 
23
Na ʩ 

ʛʨʘʜʠʝʥʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɻʕʇ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ
 

 ʗʄʈ 
23

Na 

Na3MnPO4CO3, ʠʟʦʩʪʨʫʢʪʫʨʥʦʤ Na3FePO4CO3, ʥʘʙʣʶʜʘʣʠ ʜʚʘ ʩʠʛʥʘʣʘ ʩ ʨʘʟʥʦʡ ʰʠʨʠʥʦʡ: ʦʢʦʣʦ 

569 ʠ 172 ʤ.ʜ [14]. ʈʘʟʣʠʯʠʝ ʚ ʧʦʣʫʰʠʨʠʥʘʭ ɺʄʋ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ 

ʚ ɻʕʇ ʚ ʧʦʟʠʮʠʷʭ Na, ʚʳʟʚʘʥʥʦʡ ʨʘʟʣʠʯʠʝʤ ʚ ʠʭ ʦʢʨʫʞʝʥʠʠ. ʂʦʥʩʪʘʥʪʘ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CQ ʚ ʧʦʟʠʮʠʷʭ Na(1) ʠ Na(2), ʦʧʨʝʜʝʣʝʥʥʘʷ ʠʟ ʩʧʝʢʪʨʘ ʗʄʈ, ʩʦʩʪʘʚʠʣʘ Ò 1,3 ʠ 

4,4 ʄɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʘʩʠʤʤʝʪʨʠʠ ɖ ʙʳʣʠ ʨʘʚʥʳ 0 ʠ 0,5. 

ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ CQ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʤʝʥʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. ʉʪʘʪʠʯʝʩʢʠʝ 
23
Na ʗʄʈ 

ʩʧʝʢʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʜʠʥʦʯʥʦʡ ʣʠʥʠʝʡ ʚ ʧʨʦʛʨʘʤʤʝ 
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Simpson [98] ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ CQ = 2,1 ʄɻʮ ʠ ɖ = 0,5 

(ʨʠʩʫʥʦʢ 3.8). ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʳʝ ʪʦʯʢʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʝ NFPC ʚʙʣʠʟʠ Ñ 9000 

ʤ.ʜ, ʧʦʣʥʦʩʪʴʶ ʩʛʣʘʞʝʥʳ ʜʣʷ ʢʦʤʧʦʟʠʪʘ NFPC/C-30. ʂʦʥʪʘʢʪʥʳʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ NFPC ʠ 

NFPC/C-30, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʪ ~ 70 ʤ.ʜ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʡ ʥʝʩʧʘʨʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʷʜʨʘʭ 
23
Na. ʀʩʯʝʟʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ 

ʦʪ Na(2) ʚ ʩʧʝʢʪʨʝ 
23
Na ɺʄʋ ʗʄʈ ʜʣʷ Na3MnPO4CO3, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʦʙʲʷʩʥʝʥʦ ʧʦʷʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ [14]. ɺ ʩʣʫʯʘʝ NFPC, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʤʦʞʝʪ 

ʧʦʤʝʰʘʪʴ ʦʙʥʘʨʫʞʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʩʠʛʥʘʣʦʚ ʜʘʞʝ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘ 

ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ Na(1), ʪʦʛʜʘ ʢʘʢ ʩʠʛʥʘʣ ʦʪ Na(2) ʩʣʠʰʢʦʤ ʰʠʨʦʢʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʗʄʈ ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʦʛʦ NFPC ʠ ʢʦʤʧʦʟʠʪʘ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ NFPC ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʫʛʣʝʨʦʜʦʤ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ Na
+
 ʚ ʩʪʨʫʢʪʫʨʝ NFPC.  

 

ʈʠʩʫʥʦʢ 3.8 - 
23
Na ʗʄʈ ʩʧʝʢʪʨʳ NFPC ʠ NFPC/C-30. ʋʟʢʠʡ ʩʠʛʥʘʣ ç*è ʦʢʦʣʦ 4500 ʤ.ʜ. 

ʦʙʫʩʣʦʚʣʝʥ ʤʘʪʝʨʠʘʣʘʤʠ ʜʘʪʯʠʢʘ. 

3.1.5 ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʅʘ ʨʠʩʫʥʢʝ 3.9ʘ,ʙ ʧʦʢʘʟʘʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ NFPC ʠ NFPC/C-30. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʦʙʨʘʟʮʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʠ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ a ʠ b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; a + b = 1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʜʘʥʥʳʝ 

 

20000 10000 0 -10000

 NFPC

 NFPC/C-30

 ʈʘʩʯʝʪ

 

ppm

23Na 

*



69 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɢ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: 

…                                                                   (3.2) 

ʛʜʝ C ʠ Ū ï ʢʦʥʩʪʘʥʪʳ ʂʶʨʠ ʠ ɺʝʡʩʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ůs ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, H ï 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʘʨʘʤʝʪʨʳ aC, Ū ʠ ůs, ʷʚʣʷʣʠʩʴ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʄʦʜʝʣʴ, ʦʧʠʩʳʚʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ (3.2), ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ ʚ ʦʙʣʘʩʪʠ 20-200 K, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3.4. ʉʠʥʠʝ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥʢʝ 3.9ʙ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (3.2). ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 200 ʂ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʤʝʪʥʦ ʨʘʩʭʦʜʷʪʩʷ ʩ ʤʦʜʝʣʴʶ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ůs ʚʙʣʠʟʠ ʪʦʯʢʠ ʂʶʨʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 11 ʂ ʧʨʦʠʩʭʦʜʠʪ ʤʘʛʥʠʪʥʳʡ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʥʠʞʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ NFPC ʠ 

NFPC/C-30 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ɺʝʡʩʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʝʨʚʳʡ ʯʣʝʥ ʚ 

ʫʨʘʚʥʝʥʠʠ (3.2) ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʅʝʝʣʷ 11 ʂ. 

ʈʘʟʣʠʯʠʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʥʠʞʝ 11 ʂ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʠʦʥʳ Fe ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʦʙʨʘʟʮʘ NFPC ʠʜʝʘʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʳ. ʄʘʛʥʠʪʥʳʝ 

ʤʦʤʝʥʪʳ ʠʭ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ 

ʜʨʫʛʘ. 

 

ʊʘʙʣʠʮʘ 3.4 - ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʂʶʨʠ-ɺʝʡʩʘ ʜʣʷ ʦʙʨʘʟʮʦʚ NFPC ʠ 

NFPC/C-30. 

ʆʙʨʘʟʝʮ aC/10
-4

, ʤ
3
ĀʂĀʢʛ

-1
 Ū, ʂ bůs, ɸʤ

2
Āʢʛ

-1
 

NFPC 3,6 -81 2,7 

NFPC/C-30 1,9 -88 1,9 

 

ʅʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʦʙʨʘʟʮʝ NFPC/C-30 ʚʳʟʳʚʘʝʪ 

ʥʘʨʫʰʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʧʦʜʨʝʰʝʪʢʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ɺʝʡʩʘ 

ʜʣʷ NFPC ʠ NFPC/C-30 ʚʳʟʚʘʥʘ ʪʦʡ ʞʝ ʧʨʠʯʠʥʦʡ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʚ ʥʫʣʝʚʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʦʡ. ʉʫʧʝʨʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʦʙʳʯʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʚʣʠʷʥʠʝʤ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ Fe3O4, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʗɻʈ ʜʘʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ. 
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ʈʠʩʫʥʦʢ 3.9 - ʇʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʙ) ʜʣʷ NFPC ʠ NFPC/C-30. 

3.1.6 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Na3FePO4CO3 ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ Na ʷʯʝʡʢʝ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʢʨʠʚʫʶ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʥʪʝʨʢʘʣʷʮʠʠ ʥʘʪʨʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʊʌʇ. ɺʳʧʫʢʣʘʷ ʦʙʦʣʦʯʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ 

ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʠʡ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ x (ʧʨʠ 0 Ò x Ò 

3) ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (Z=2), ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.10ʘ. ʕʥʝʨʛʠʶ ʦʙʨʘʟʦʚʘʥʠʷ 

(ȹEf) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.2). ɺʳʧʫʢʣʘʷ ʦʙʦʣʦʯʢʘ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 

ʩʠʩʪʝʤʳ: ʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʘ ʬʘʟʳ, ʥʝʩʪʘʙʠʣʴʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʳʧʫʢʣʦʡ ʦʙʦʣʦʯʢʝ, ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ.  

ʈʠʩʫʥʦʢ 3.10ʙ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʩʯʝʪʥʫʶ ʢʨʠʚʫʶ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ Na3-xFePO4CO3 ʚ 

ʜʠʘʧʘʟʦʥʝ 0 Ò x Ò 2. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʯʝʪʘʤ, ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ ʥʘʪʨʠʷ ʥʘʯʠʥʘʝʪʩʷ 

ʠʟ ʧʦʟʠʮʠʠ Na(2) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʠʶ 2,3 ɺ (Fe
2+

/Fe
3+
), ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠʟ ʧʦʟʠʮʠʠ Na(1) ʧʨʠ 3,9 ɺ (Fe
3+

/Fe
4+
). ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 

23
Na [14]. ʇʨʠ ʠʟʫʯʝʥʠʠ in situ ʗʄʈ ʩʧʝʢʪʨʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ Na3MnPO4CO3, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʠʦʥʦʚ Na ʠʟ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ 

ʘʥʘʣʦʛʠʯʥʦʡ [14]. 
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ʈʠʩʫʥʦʢ 3.10 - ɺʳʧʫʢʣʘʷ ʦʙʦʣʦʯʢʘ ʜʣʷ ʩʠʩʪʝʤʳ Na3-xFePO4CO3, ʚʳʨʘʞʝʥʥʘʷ ʚ ʵɺ/ʬ.ʝʜ. (ʘ) ʠ 

ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʥʘʧʨʷʞʝʥʠʷ Na3-xFePO4CO3 ʚ ʜʠʘʧʘʟʦʥʝ 0 Ò x Ò 2 (ʙ). 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ Na3FePO4CO3 (NFPC) ʠ Na3FePO4CO3/C (NFPC/C) 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2,0 ʜʦ 4,4 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/40 (ʨʠʩʫʥʦʢ 3.11).  

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʦʬʠʣʠ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ (ʘ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ dQ/dV (ʙ) ʦʙʨʘʟʮʦʚ 

NFPC ʠ NFPC/C ʚ ʜʠʘʧʘʟʦʥʝ 2,0-4,4 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/40. 

ʅʘ ʧʝʨʚʦʡ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʟʘʨʷʜʥʦʡ ʢʨʠʚʦʡ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʣʘʪʦ ʧʨʠ 2,97 ɺ ʠ 

4,04 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Na
+
/Na

0
, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʙʦʪʫ ʜʚʫʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
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ʧʘʨ Fe
3+

/Fe
2+

 ʠ Fe
4+

/Fe
3+
, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [22], ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ 

ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ ʥʘ ʨʘʟʨʷʜʥʦʡ ʢʨʠʚʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʦʜʥʦ ʧʣʘʪʦ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʝ Fe
3+

/Fe
2+
. ɺʳʩʦʢʦʚʦʣʴʪʦʚʦʝ ʧʣʘʪʦ ʥʘ ʧʝʨʚʦʤ ʟʘʨʷʜʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʨʘʙʦʪʦʡ ʧʘʨʳ Fe
4+

/Fe
3+
, ʥʦ ʪʘʢʞʝ ʠ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʦʛʦ O2 ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

O
-
 ʜʳʨʦʢ [99ï101]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʥʘʷ ʥʘʯʘʣʴʥʘʷ ʟʘʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʧʦʙʦʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʨʘʟʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʠʦʥʦʚ Fe
3+

 ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʨʠʩʫʥʦʢ 3.7), ʮʠʢʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʘ NFPC/C-15 ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʪʘʜʠʠ ʟʘʨʷʜʘ. ʅʘ ʧʝʨʚʦʤ 

ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʤ ʟʘʨʷʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʧʣʘʪʦ, ʘʥʘʣʦʛʠʯʥʦ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ NFPC. ʅʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʧʘʨʘ ʧʨʠ 2,6-2,7 ɺ. ɼʣʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ NFPC/C ʧʨʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʮʠʢʣʠʨʦʚʘʥʠʠ ʧʦʣʷʨʠʟʘʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʠʢʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʳʩʪʨʫʶ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ ʩ ʠʦʥʘʤʠ Na. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤyʢʦʩʪʴ NFPC ʩʦʩʪʘʚʣʷʝʪ 96 ʤɸĀʯĀʛ
-1

 ʜʣ̫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʨʝʘʢʮʠʠ [92]. 

ʅʘʯʘʣʴʥʳʝ ʨʘʟʨʷʜʥʳʝ ʸʤʢʦʩʪʠ NFPC, NFPC-15, NFPC/C-15, NFPC/C-30 ʠ NFPC/C-210 ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/40 ʨʘʚʥ r94 ʤɸĀʯĀʛ
-1

, 52 ʤɸĀʯĀʛ
-1

, 93 ʤɸĀʯĀʛ
-1

, 81 ʤɸĀʯĀʛ
-1

 ʠ 69 ʤɸĀʯĀʛ
-1

 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʮʠʢʣʠʨʦʚʘʥʠʠ (ʨʠʩʫʥʦʢ 3.12a). 

 

ʈʠʩʫʥʦʢ 3.12 - ɿʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ 

ʮʠʢʣʘ (C/40) (ʘ) ʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʙ). 

 

ɪʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ NFPC-15 ʠ NFPC/C-210 ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʦ ʩʠʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺʩʝ 

ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʠ ʚʳʩʦʢʫʶ ʢʫʣʦʥʦʚʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʍʦʪʷ ʤyʢʦʩʪʴ ʢʦʤʧʦʟʠʪʦʚ NFPC/C-15 ʠ NFPC/C-30 ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ NFPC 
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ʧʨʠ ʩʢʦʨʦʩʪʠ C/40, ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤyʢʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.12ʙ). ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʛʣʝʨʦʜʘ ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʷʱʝʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʉʕʀ, ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʢʦʤʧʦʟʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʙʝʟʫʛʣʝʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʢʣʘʜʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɽʩʣʠ ʜʣʷ NFPC ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʚʥʘ 2,36Ā10
-6

 ʉʤĀʩʤ
-1

, ʪʦ ʜʣʷ 

NFPC/C-15 ʠ NFPC/C-30 ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,39 ʉʤĀʩʤ
-1

 ʠ 0,31 ʉʤĀʩʤ
-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 

3.13). ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦ 7,8Ā10
-3
 ʉʤĀʩʤ

-1
 ʜʣʷ NFPC/C-210, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʩʠʣʴʥʳʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘʟʝʮ NFPC-15 ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 1,18Ā10
-7

 ʉʤĀʩʤ
-1

, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʘʛʣʦʤʝʨʘʮʠʝʡ ʯʘʩʪʠʮ ʚ ʭʦʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʚʦʜʷʱʝʡ ʫʛʣʝʨʦʜʥʦʡ 

ʤʘʪʨʠʮʳ. 

 

ʈʠʩʫʥʦʢ 3.13 - ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʥʦʡ ʜʦʙʘʚʢʠ ʚ ʢʦʤʧʦʟʠʪʘʭ NFPC/C ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʢʘʪʦʜʥʦʡ ʤʘʩʩʝ ʙʳʣʦ 

ʩʥʠʞʝʥʦ ʦʪ 40% ʜʦ 20%, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ NFPC ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʣʠʩʴ 

(ʨʠʩʫʥʦʢ 3.14). 
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ʈʠʩʫʥʦʢ 3.14 - ʇʨʦʬʠʣʠ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʦʙʨʘʟʮʘ NFPC/C-30 ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ 

ʚ ʢʘʪʦʜʥʦʡ ʤʘʩʩʝ. 

ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʫ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ NFPC ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ex situ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.15). ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʣʠʥʥʦʛʦ ʧʣʘʪʦ ʥʘ ʧʨʦʬʠʣʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ, ʧʦʷʚʣʝʥʠʷ ʨʝʬʣʝʢʩʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ LiFePO4 [102], ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʷ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ ʩʪʨʫʢʪʫʨʫ NFPC ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ NFPC ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ 

(ʪʘʙʣʠʮʘ 3.5). ɺʠʜʥʦ, ʯʪʦ ʦʙʲʝʤ ʨʝʰʝʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 303,8 ¡
3
 ʜʦ 298,7 ¡

3
, ʪ.ʝ. ʚʩʝʛʦ ʥʘ 

1,7%. ʊʘʢʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ 

ʠʦʥʦʚ ʥʘʪʨʠʷ ʚʤʝʩʪʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʦʜʥʦʬʘʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ.  
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ʈʠʩʫʥʦʢ 3.15 - Ex situ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ NFPC ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3.5 - ʋʪʦʯʥʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ex situ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʙʨʘʟʮʘ 

NFPC ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʷʞʝʥʠʝ, ɺ a, ¡ b, ¡ c, ¡ V, ¡
3
 ɓ, Á Rwp, % ɢ

2
 

2,62 8,9369(6) 6,6034(2) 5,1494(2) 303,88(3) 89,553(4) 7,65 2,826 

2,75 8,930(1) 6,5832(5) 5,1587(5) 303,27(7) 89,51(1) 6,03 2,386 

2,80 8,909(1) 6,5273(3) 5,1803(3) 301,24(4) 89,277(6) 5,47 1,982 

4,40 8,892(2) 6,483(1) 5,182(1) 298,7(1) 89,18(1) 5,78 1,811 

2,70 8,910(1) 6,5346(7) 5,1744(6) 301,27(8) 89,29(1) 7,53 1,401 

2,60 8,924(1) 6,5564(7) 5,1637(7) 302,1(1) 89,39(1) 7,89 1,657 

2,00 8,9402(9) 6,6051(4) 5,1498(3) 304,09(5) 89,545(7) 6,78 1,835 

 

3.1.7 ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ Na3FePO4CO3 ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ Li ʷʯʝʡʢʝ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C-30 ʠʟʫʯʘʣʠ ʚ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ Li 

ʘʥʦʜʦʤ ʠ ʵʣʝʢʪʨʦʣʠʪʦʤ ʥʘ ʦʩʥʦʚʝ LiPF6 ʩʦ ʩʢʦʨʦʩʪʴ  ʁ C/20 ʚ ʜʠʘʧʘʟʦʥʝ 2,0-4,4 ɺ [103]. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʬʠʣʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʥʘʪʨʠʝʚʦʡ ʷʯʝʡʢʝ, ʦʜʥʘʢʦ 

ʫʩʪʫʧʘʶʪ ʧʦ ʤyʢʦʩʪʠ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 0,3 ɺ ʚʳʰʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʟʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ ʠ ʣʠʪʠʷ (ʨʠʩʫʥʦʢ 3.16).  
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ʈʠʩʫʥʦʢ 3.16 - ʇʨʦʬʠʣʠ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ (ʘ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ dQ/dV (ʙ) ʜʣʷ NFPC ʠ 

NFPC/C-30, ʮʠʢʣʠʨʫʝʤʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ Na ʠ Li  ʘʥʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 2,0-4,4 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/20. 

ʂʘʢ ʚ Na, ʪʘʢ ʠ ʚ Li  ʷʯʝʡʢʝ ʧʝʨʚʳʡ ʟʘʨʷʜ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʉʦʛʣʘʩʥʦ ʢʨʠʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ, ʥʘ ʟʘʨʷʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʠʢ ʧʨʠ 3,04 ɺ ʠ ʥʘʯʘʣʦ ʚʪʦʨʦʛʦ ʧʠʢʘ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʚʳʰʝ 4,3 ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ Li
+
/Li

0
 (ʨʠʩʫʥʦʢ 3.17ʘ,ʙ). ʆʜʥʘʢʦ ʥʘ ʨʘʟʨʷʜʥʦʡ ʢʨʠʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʸʤʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ ʧʨʠ 2,86 ɺ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʮʠʢʣʠʨʦʚʘʥʠʠ ʜʘʥʥʳʡ ʧʠʢ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʧʠʢʘ ʧʨʠ 2,86 ɺ ʠ 2,93 ɺ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʫʧʝʥʯʘʪʫʶ ʠʥʪʝʨʢʘʣʷʮʠʶ ʠʦʥʦʚ Na
+
 ʠ Li

+ 
ʚ ʩʪʨʫʢʪʫʨʫ. ʇʠʢ ʧʨʠ 2,93 ɺ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʥʪʝʨʢʘʣʷʮʠʠ Li
+
, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ. ʂʦʤʧʦʟʠʪ 

NFPC/C-30 ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʟʘʨʷʜʝ ʜʦ 4,4 ɺ. ʎʠʢʣʠʨʦʚʘʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ ʩ ʚʳʩʦʢʦʚʦʣʴʪʦʚʦʛʦ ʧʩʝʚʜʦʧʣʘʪʦ. ʅʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʨʷʜʥʦʡ ʢʨʠʚʦʡ 

ʚʠʜʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʚʳʩʦʢʦʚʦʣʴʪʦʚʦʛʦ ʧʠʢʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʦʢʠʩʣʝʥʠʶ Fe
3+

 

ʜʦ Fe
4+

. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʜʦ 5,1 ɺ ʫʜʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʚʦʣʴʪʦʚrʡ 

ʧʠʢ ʥʘ ʢʨʠʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤyʢʦʩʪʠ ʧʨʠ 4,97 ɺ (ʨʠʩʫʥʦʢ 3.17ʚ,ʛ).  
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ʈʠʩʫʥʦʢ 3.17 - ʇʨʦʬʠʣʠ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ dQ/dV ʜʣʷ NFPC ʠ 

NFPC/C, ʠʟʤʝʨʝʥʥʳʭ ʚ Li-ʷʯʝʡʢʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 2,0-4,4 ɺ (ʘ,ʙ) ʠ ʚ ʜʠʘʧʘʟʦʥʝ 2,0-5,1ɺ (ʚ,ʛ) ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/20.  

ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʘʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ 

Fe
4+

/Fe
3+

 ʚʦ ʚʨʝʤʷ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʗɻʈ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʦʟʠʪʘ NFPC/C-30 ʚ 

ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (U = 5,0 ɺ). ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.18, ʚ ʩʧʝʢʪʨʝ ʟʘʨʷʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʜʫʙʣʝʪ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ Fe
3+

 ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ 

IS ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ QS, ʨʘʚʥʳʤʠ 0,41 ʤʤĀʩ
-1

 ʠ 0,31 ʤʤĀʩ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʳʩʦʢʦʚʦʣʴʪʦʚrʡ ʧʠʢ ʤʘʣʦʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʧʘʨʳ Fe
4+

/Fe
3+

. 
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ʈʠʩʫʥʦʢ 3.18 - ʗɻʈ ʩʧʝʢʪʨ NFPC/C-30 ʚ ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (U=5,0 ɺ). 

ʅʘʯʘʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ NFPC ʠ NFPC/C-30 ʦʪʥʦʩʠʪʝʣʴʥʦ Li
+
/Li

0
 ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ C/20 ʨʘʚʥʘ 84 ʤɸĀʯĀʛ
-1

 ʠ 78 ʤɸĀʯĀʛ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 

3.19ʘ, ʨʘʟʨʷʜʥʳʝ ʤyʢʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʧʷʪʠ ʮʠʢʣʦʚ ʜʦ 50 ʤɸĀʯĀʛ
-1

 ʠ 68 

ʤɸĀʯĀʛ
-1
, ʘ ʟʘʪʝʤ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ.  

 

ʈʠʩʫʥʦʢ 3.19 ï ɿʘʨʷʜʥʘʷ-ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C-30 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʦʤʝʨʘ ʮʠʢʣʘ ʧʨʠ C/20 (ʘ) ʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʙ) ʚ Li ʷʯʝʡʢʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ ʚ Li ʷʯʝʡʢʝ ʫʩʪʫʧʘʶʪ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ Na ʷʯʝʡʢʝ 

(ʨʠʩʫʥʦʢ 3.11). ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ Na
+
 ʥʘ ʠʦʥʳ Li

+
 ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʮʠʢʣʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʚʰʠʝʩʷ ʠʦʥʳ Na
+
 ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Li
+
. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʦʙʨʘʟʮʘ NFPC/C-30 ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Li
+
; 

ʧʘʜʝʥʠʝ ʤyʢʦʩʪʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʜʣʷ NFPC/C-30, ʯʝʤ ʜʣʷ NFPC.  
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ʎʠʢʣʠʨʦʚʘʥʠʝ NFPC ʠ NFPC/C-30 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.19ʙ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʚ Li  ʷʯʝʡʢʝ ʦʙʨʘʟʮʳ ʧʨʦʷʚʣʷʶʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚʧʣʦʪʴ ʜʦ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʨʘʚʥʦʡ 50C, ʪʦʛʜʘ ʢʘʢ ʚ Na ʷʯʝʡʢʝ ʦʥʠ ʦʩʪʘʶʪʩʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʪʦʣʴʢʦ ʜʦ 5C (ʨʠʩʫʥʦʢ 3.12). ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʨʘʟʣʠʯʠʷ ʩʣʝʜʫʝʪ ʠʟ 

ʘʥʘʣʠʟʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ dQ/dV (ʨʠʩʫʥʦʢ 3.20). ʂʘʢ ʚʠʜʥʦ, ʧʠʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ 

2,90-2,95 ɺ, ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʠʥʪʝʨʢʘʣʷʮʠʝʡ ʠʦʥʦʚ Li
+
 ʚ ʩʪʨʫʢʪʫʨʫ NFPC (NFPC/C-30), 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʨʘʜʠʫʩʦʤ ʠʦʥʦʚ Li
+
 (0,76 ¡) ʠ Na

+
 (1,02 ¡). ʆʙʨʘʟʮʳ NFPC ʠ NFPC/C-30 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ Li 

ʷʯʝʡʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Na ʷʯʝʡʢʦʡ. ʎʠʢʣʠʨʦʚʘʥʠʝ NFPC ʠ NFPC/C-30 ʚ Li ʷʯʝʡʢʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʛʦ Na/Li-ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʞʝʣʝʟʘ Na3-xLi xFePO4CO3 

(NLFPC). ɽʛʦ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ 3.20 - ʇʨʦʬʠʣʠ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ (a) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ dQ/dV (ʙ) ʜʣʷ NFPC ʠ 

NFPC/C-30 ʚ ʜʠʘʧʘʟʦʥʝ 2,0-4,4 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ C/20-5C. 

3.1.8 ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʤʝʰʘʥʥʦʛʦ Na3-xLixFePO4CO3  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 3.21ʘ,ʙ ʧʦʩʣʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʛʠʙʨʠʜʥʦʡ ʷʯʝʡʢʝ ʩʪʨʫʢʪʫʨʘ 

ʠʩʭʦʜʥʦʛʦ NFPC ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʬʣʝʢʩʦʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʆʥʠ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʫʛʣʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʯʘʩʪʠʯʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʠʦʥʦʚ Li
+
 ʥʘ Na

+
 ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ NFPC ʠ NFPC/C-30 ʧʦʩʣʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʣʠʪʠʝʚʦʡ ʷʯʝʡʢʝ. ʂ 
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ʩʦʞʘʣʝʥʠʶ, ʧʣʦʭʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʘʷ ʬʘʟʘ Na3-xLi xFePO4CO3 (NLFPC) ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʈʠʪʚʝʣʴʜʘ. ʇʦʵʪʦʤʫ ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʃʝ ɹʝʡʣ.̫  

ʊʘʙʣʠʮʘ 3.6 - ʋʪʦʯʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʤʝʰʘʥʥʦʛʦ Na3-xLi xFePO4CO3 ʠ 

ʢʦʤʧʦʟʠʪʘ ʩ ʫʛʣʝʨʦʜʦʤ Na3-xLi xFePO4CO3/C ʤʝʪʦʜʦʤ ʃʝ ɹʝʡʣʷ. 

ʆʙʨʘʟʝʮ a, ¡ b, ¡ c, ¡ V, ¡
3
 ɓ, ʛʨʘʜ. Rwp,% ɢ

2
 

NLFPC 8,89(1) 6,587(3) 5,196(2) 304,1(6) 87,38(7) 6,82 1,73 

NLFPC/C-30 8,852(9) 6,608(3) 5,189(2) 303,2(5) 87,20(6) 6,86 1,74 

 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ NFPC ʥʘʙʣʶʜʘʣʠ ʪʘʢʞʝ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ [20]. ʂʦʤʙʠʥʠʨʫʷ ʜʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʜʠʬʨʘʢʮʠʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʠ 

ʩʠʥʭʨʦʪʨʦʥʥʫʶ ʧʦʨʦʰʢʦʚʫʶ ʜʠʬʨʘʢʮʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʘʚʪʦʨʳ [20] ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ Li3FePO4CO3, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ (ʇɻʉ P21/m) ʚ ʪʨʠʢʣʠʥʥʫʶ (ʇɻʉ P-1). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ~12%. ʀʟʤʝʥʝʥʠʝ 

ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʜʝʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Li
+
 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,3%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ Li3FePO4CO3 ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 3.21ʚ,ʛ 

ʧʦʢʘʟʘʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ NFPC ʠ NFPC/C-30 ʧʦʩʣʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʣʠʪʠʝʚʳʭ 

ʷʯʝʡʢʘʭ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʆʧʨʝʜʝʣʝʥ 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ NFPC ʠ NFPC/C-30 ʜʦ ʠ ʧʦʩʣʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ 

ʐʝʨʨʝʨʘ: 

Ὠ                                                                    (3.3) 

ʛʜʝ d ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ (ʥʤ), K ï ʧʦʩʪʦʷʥʥʘʷ ʐʝʨʨʝʨʘ (K = 1), ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (0,154181 ʥʤ), ɓ ï ʫʰʠʨʝʥʠʝ ʣʠʥʠʠ ʥʘ ʧʦʣʦʚʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (2ɗ), ʠ ɗ ï ʫʛʦʣ ɹʨʵʛʛʘ. ɼʣʷ NFPC ʠ NFPC/C-30 ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʆʂʈ 

ʨʘʚʥʳ 48,7 ʥʤ ʠ 26,4 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʆʂʈ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦʩʣʝ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ Li ʷʯʝʡʢʝ ʜʦ 16,6 ʥʤ ʜʣʷ NLFPC ʠ ʜʦ 11,6 ʥʤ ʜʣʷ NLFPC/C-30.  
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ʈʠʩʫʥʦʢ 3.21 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ (ʘ,ʙ), ʫʪʦʯʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʃʝ ɹʝʡʣʷ, ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ (ʚ,ʛ) 

ʦʙʨʘʟʮʦʚ Na3FePO4CO3 ʠ Na3FePO4CO3/C ʧʦʩʣʝ 10-ʛʦ ʮʠʢʣʘ ʚ Li ʷʯʝʡʢʝ.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʕɼʉ), ʧʦʩʣʝ 10-ʛʦ ʮʠʢʣʘ ʚ Li ʷʯʝʡʢʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʦʙʨʘʟʮʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʉʦʦʪʥʦʰʝʥʠʝ Na:Fe ʜʣʷ NFPC ʠ NFPC/C-30 

ʩʦʩʪʘʚʣʷʝʪ 2,7:1 ʠ 2:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʬʠʮʠʪ Na ʚ ʵʪʠʭ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ Na ʚʘʢʘʥʩʠʡ. ʇʦʩʣʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʣʠʪʠʝʚʳʭ ʷʯʝʡʢʘʭ ʩʦʦʪʥʦʰʝʥʠʝ 

Na:Fe ʚ ʵʪʠʭ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʠʟʤʝʥʷʝʪʩʷ ʜʦ 0,66:1 ʠ 0,44:1, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʤʝʰʘʥʥʳʭ Na-Li  ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʦʚ ʞʝʣʝʟʘ Na3-xLi xFePO4CO3 ʠ Na3-xLi xFePO4CO3/C ʩ ~22 ʠ 

15% ʦʩʪʘʚʰʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠʦʥʦʚ Na
+
. 

ʈʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Li3FePO4CO3, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʧʦʣʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 

ʦʙʤʝʥʘ, ʩʦʩʪʘʚʠʣʘ 110 ʤɸĀʯĀʛ
-1
, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤyʢʦʩʪʠ, ʨʘʚʥʦʡ 115 

ʤɸĀʯĀʛ
-1

 [20]. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʝʩʣʠ ʭʠʤʠʯʝʩʢʠʡ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʧʦʣʥʦʩʪʴʶ, 

ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʦʩʪʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ Na
+
, ʨʘʟʨʷʜʥʘʷ ʤyʢʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʦʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ ʦʙʨʘʟʮʘ Li 2,27Na0,81FePO4CO3, ʧʦʣʫʯʝʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʠʤ Na
+
/Li

+
 ʦʙʤʝʥʦʤ, ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 16 ʤɸĀʯĀʛ

-1
, ʯʪʦ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʘ 

Li 3FePO4CO3. ɸʚʪʦʨʳ [20] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʧʝʨʝʭʦʜ P21/mŸP-1), ʘ ʪʘʢʞʝ ʩ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʠʦʥʦʚ Na
+
, 

ʙʣʦʢʠʨʫʶʱʠʭ ʜʠʬʬʫʟʠʶ ʠʦʥʦʚ Li
+
. ʅʘʧʨʦʪʠʚ, ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʝʧʦʣʥʦʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ Na
+
/Li

+
 ʦʙʤʝʥʝ ʚ ʭʦʜʝ ʮʠʢʣʠʨʦʚʘʥʠ,̫ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ 
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ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʞʝʣʝʟʘ Na3-xLi xFePO4CO3 ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ [103]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʠʦʥʦʚ Na
+
 ʚ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʦʙʨʘʪʠʤʘʷ ʸʤʢʦʩʪʴ ʧʦʯʪʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤyʢʦʩʪʴ 

ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʘ ʞʝʣʝʟʘ Li 2,27Na0,81FePO4CO3, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [20].  

ʎʠʢʣʠʨʦʚʘʥʠʝ NFPC ʚ Li ʷʯʝʡʢʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʠʦʥʦʚ Li
+
(Na

+
) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ Na

+
 ʚ Na ʷʯʝʡʢʝ. ʅʘ ʨʠʩʫʥʢʝ 3.22 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ DA+ ʦʪ ʥʘʧʨʷʞʝʥʠʷ (ʦʪʥ. Li
+
/Li

0
 ʠʣʠ Na

+
/Na

0
) ʜʣʷ ʦʙʨʘʟʮʦʚ NFPC ʠ 

NFPC/ʉ-30 ʧʦʩʣʝ 1-ʛʦ, 5-ʛʦ ʠ 10-ʛʦ ʨʘʟʨʷʜʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʝʪʦʜʦʤ GITT. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ DA+ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʣʘʪʦ ʥʘ ʢʨʠʚʦʡ 

ʮʠʢʣʠʨʦʚʘʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʧʷʪʠ ʮʠʢʣʦʚ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ DA+ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ ʦʜʠʥ ʠ 

ʜʚʘ ʧʦʨʷʜʢʘ ʜʣʷ NFPC ʠ NFPC/C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ 5-ʛʦ ʮʠʢʣʘ ʟʥʘʯʝʥʠʝ DA+ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ DA+ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʮʠʢʣʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʝʧʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ Na/Li ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʦʚ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ Na
+
/Li

+
 

ʦʙʤʝʥʘ. ʂʦʛʜʘ ʦʙʤʝʥ ʟʘʚʝʨʰʘʝʪʩʷ, ʟʥʘʯʝʥʠʷ DA+ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ.  

 

ʈʠʩʫʥʦʢ 3.22 - ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ DA+ (A = Li, Na) ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʦʪʥ. ɸ
+
/ɸ

0
 

ʜʣʷ 1-ʛʦ, 5-ʛʦ ʠ 10-ʛʦ ʨʘʟʨʷʜʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ DA+ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ NFPC/C ʩ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʧʫʪʝʡ ʜʣʷ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʫʪʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ NFPC. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ Na
+
/Li

+
 ʠʦʥʥʳʡ ʦʙʤʝʥ ʚ NFPC ʠ NFPC/C ʣʝʛʢʦ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʚ ʣʠʪʠʝʚʦʡ ʷʯʝʡʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʩʤʝʰʘʥʥʳʝ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʳ 

ʞʝʣʝʟʘ Na3-xLi xFePO4CO3 ʩ ʤʦʥʦʢʣʠʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʣʛʦʩʨʦʯʥʫʶ 
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ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʮʠʢʣʠʨʦʚʘʥʠʶ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʤʝʰʘʥʥʳʭ 

ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤ ʦʙʤʝʥʦʤ ʚ ʨʘʙʦʪʝ [20].  

ɿʘʢʣʶʯʝʥʠʝ ʢ ʨʘʟʜʝʣʫ 3.1 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʘʨʙʦʥʘʪ-ʬʦʩʬʘʪ ʞʝʣʝʟʘ-ʥʘʪʨʠʷ Na3FePO4CO3 ʙʳʣ ʧʦʣʫʯʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ, ʘ ʢʦʤʧʦʟʠʪ Na3FePO4CO3/ʉ - ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ Na3FePO4CO3 ʩ ʫʛʣʝʨʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ Na3FePO4CO3 ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʜʥʘʢʦ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʦʥʦʚ ʞʝʣʝʟʘ Fe
2+
ŸFe

3+
. Na3FePO4CO3 ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ ʜʦ 545 Áʉ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ Na3FePO4CO3/C ʤʝʥʝʝ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚ.  

ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ 

Na3FePO4CO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʊʌʇ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ Fe
3+

/Fe
2+ 
ʠ Fe

4+
/Fe

3+ 
ʜʣʷ Na3FePO4CO3 ʨʘʚʝʥ 2,3 ɺ ʠ 3,9 ɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʙʦʪʘ ʪʦʣʴʢʦ ʧʘʨʳ Fe
2+

/Fe
3+

.  

ʋʜʝʣʴʥʘʷ ʨʘʟʨʷʜʥʘʷ ʸʤʢʦʩʪʴ Na3FePO4CO3 ʨʘʚʥʘ 94 ʤɸĀʯĀʛ
-1
, ʘ Na3FePO4CO3/C ï 93 

ʤɸĀʯĀʛ
-1
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 98% ʠ 97% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ (ʥʘ 1 ʠʦʥ Na

+
). ʂʦʤʧʦʟʠʪ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʸʤʢʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʷʱʝʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ ʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ (ʜʝ)ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ Na
+
 ʩʦʩʪʘʚʣʷʝʪ 1,7%, 

ʯʪʦ, ʥʘʨʷʜʫ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʦʜʥʦʬʘʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʘʥʥʦʛʦ 

ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ Na3FePO4CO3/C ʚ 

ʣʠʪʠʝʚʦʡ ʷʯʝʡʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ 

Na
+
/Li

+
 ʠʦʥʥʳʡ ʦʙʤʝʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʘʷ ʬʘʟʘ Na3-xLi xFePO4CO3/C. 

ʇʦ ʜʘʥʥʳʤ ʕɼʉ, 80-85% ʠʦʥʦʚ Na
+
 ʧʨʠ ʵʪʦʤ ʟʘʤʝʱʘʝʪʩʷ ʠʦʥʘʤʠ Li

+
, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʤʝʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ.  
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3.2 NaFe3(SO4)2(OH)6 

3.2.1 ʉʠʥʪʝʟ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʨʬʦʣʦʛʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ NaFe3(SO4)2(OH)6 (NFSOH) ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʨʠ 150 ÁC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ [105]. 

ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʛʣʝʨʦʜʦʤ NaFe3(SO4)2(OH)6/ʉ (NFSOH/ʉ) 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʣʴʥʠʮʳ SPEX 8000ʄ ʩʦ ʩʪʘʣʴʥʳʤʠ ʰʘʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 0,6 ʩʤ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʉʦʦʪʥʦʰʝʥʠʝ ʰʘʨʦʚ ʠ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣʦ 20:1.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ NFSOH ʠ NFSOH/C ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.23. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ NFSOH ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ Na3FePO4CO3 (ʨʠʩʫʥʦʢ 3.3).  

 

 

ʈʠʩʫʥʦʢ 3.23 - ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ (a, ʙ) ʠ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ (ʚ, ʛ) ʦʙʨʘʟʮʦʚ NFSOH (a, ʚ) ʠ 

NFSOH/C (ʙ, ʛ). 

ʇʦʣʫʯʝʥʥʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʭʦʞʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʭʦʨʦʰʦ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʇɻʉ R-3m) ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ: a = 7,3205(2) ¡ ʠ c = 

16,7398(7) ¡ ʜʣʷ NFSOH, a = 7,3205(2) ¡ ʠ c = 16,7403(9) ¡ ʜʣʷ NFSOH/C (ʪʘʙʣʠʮʘ 3.7).  

 

 
















































































