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㸶㸬᪂࠸ࡋ㟁ụᢏ⾡ࡢ◊✲㛤Ⓨ�

㟁Ẽ࣭㟁ᏊሗᕤᏛ⣔� ᩍᤵ� Ḉ� ᗤ �ྖ

ຓᩍ� ᮾᇛ� 㒔�

�

㸶㸫㸯� �ࡵࡌࡣ

� ᶵჾࣝࣂᑠᆺࣔࡢ➼ࣥࢥࢯࣃࢺ࣮ࣀࡸ㸪ᦠᖏ㟁ヰࡣ㟁ụࡿࢀࡉ⾲௦㟁ụ࣒ࣥ࢜࢘ࢳࣜ

ࢸࢫࢩⓎ㟁ࡓࡋ⏝ࢆ࣮ࢠࣝࢿ࢚↛⮬ࡸ᪉࡛㸪㟁Ẽ⮬ື㌴୍ࡢࡑࠋࡿ࠸࡚ࡋᬑཬࡃ㸪ᗈࢀࡉὀຊࡀ⏝

㛗ᑑࡘᐦᗘ࣮ࢠࣝࢿ࢚㧗ࡿ࡞㸪᭦ࡀࡿ࠸࡚ࢀࡉ㒊ᐇ⏝୍ࢀࡉウ᳨ࡶ⏝ࡢᆺ㟁ụࡢ➼࣒

ࡀ㢌ᡴࡢࡕ≧ἣࡾ࠶ࡘࡘࡾ࡞㸪⌧⾜ࡢ㟁ụᛶ⬟ࢆࡄ᪂ᆺ㟁ụࡢ᪩ᮇ㛤Ⓨࡀồࠋࡓ࠸࡚ࢀࡽࡵ

ࢃ௦ࢀࡇ㸪ࡽほⅬࡢᏳᛶࡸᯤῬࡢ㟁ᴟ࣭㟁ゎ㉁ᮦᩱࡿࡍᵓᡂࢆ㟁ụ࣒ࣥ࢜࢘ࢳࣜࡢ⾜⌧ࡓࡲ

 ࠋࡓࡗ࠶ᛴົ࡛ࡀ㛤Ⓨࡢ᪂ᆺ㟁ụᮦᩱࡿ
� ⌧ᅾ㸪᪂ᆺ㟁ụ࡚ࡋὀ┠ࡢࡶࡿ࠸࡚ࢀࡉ㸪࣒ࣥ࢜࢘ࢩࣝ࢝㟁ụࡢࡇࠋࡿ࠶ࡀ㟁ụࡢ㥑ື࢜

࣒࢜࢘ࢩࣝ࢝ࡢ౯ࡣࣥ (ࣥCa2+)ࢀࡽ࠸⏝ࡀ㸪୍ ౯࣒࢜࢘ࢳࣜࡢ (ࣥLi+)࡛㥑ື࣒࢘ࢳࣜࡿࡏࡉ

᭷ࢆⅬࡢ➼Ᏻᛶ࠸㈨※㔞㸪㧗࡞ㄽᐜ㔞㸪㇏ᐩ⌮ࡢಸࡣ㟁ụ࣒ࣥ࢜࢘ࢩࣝ࢝㸪࡚ࡋẚ㟁ụࣥ࢜

 ࠋࡿ࠸࡚ࢀࡉᮇᚅࡀᐇ⏝㸪ᑗ᮶ⓗࡵࡓࡿࡍ
ࠋࡿࡍᏑᅾࠎከࡀㄢ㢟Ⅼࡁࡍ㸪ゎỴࡣ⌧ᐇࡢ㏫ⓗືసྍࡢ㟁ụ࣒ࣥ࢜࢘ࢩࣝ࢝㸪ࡽࡀ࡞ࡋࡋ

㸪᪤ࡎࡽ࠾࡚ࡗࡘぢࡀ㟁ᴟᮦᩱ࣭㟁ゎ㉁ᮦᩱࡢࡵࡓࡍฟࡁᘬࢆ⬟ᛶ࡞ᅾⓗ₯ࡢ㟁ụࡢࡇ㸪ࡅࢃࡾ

Ꮡࡢ㟁ụᮦᩱ௦ࡿࢃ᪂つ㟁ụᮦᩱࡢฟࡀồࠋࡿ࠸࡚ࢀࡽࡵ⌧ᅾ࡛ࡲ㸪ᡃࡢࠎᏛࡴྵࢆ◊✲ᶵ

㛵࡛㸪ᒙ≧ᵓ㐀ࢆ᭷࣒࢘ࢪࢼࣂࡿࡍ㓟≀ࣝࢿࣥࢺࡸᵓ㐀ࢆ᭷࣐ࣥ࢞ࣥࡿࡍ㓟≀➼ࡢࣥ࢜࡞ࡁ

ሗ࿌ࢆᤄධ࣭⬺㞳ࡢ࣒ࣥ࢜࢘ࢩࣝ࢝㸪࡛ࡇࡿ࠸⏝㟁ụ⏝㟁ᴟࢆ㓟≀ᮦᩱࡿࡍ᭷ࢆࢺࢧືྍ

 ࠋࡿ࠸࡚ࡋ
� 㸪ḟඖᒙ≧ᵓ㐀ࡋάࢆぢ▱ࡢᬗᏛ࣭㟁ẼᏛ⤖ࡴྵࢆᡂᯝ✲◊ࡢ㸪ୖ㏙ࡣ࡛✲◊ࡢࠎᡃ࡛ࡇࡑ

㢮࣮ࣝࣈࣥࢩࣝࣉࡿࡍ᭷ࢆᵓ㐀ࢡ࣮࣒࣮࣡ࣞࣇ㸪୕ḟඖ(Ca0.5CoO2)࣒࢘ࢩࣝ࢝㓟ࢺࣝࣂࢥࡿࡍ᭷ࢆ

ఝయ(PBA)ࡢ⤖ᬗᵓ㐀ࡢᏳᐃᛶࡋ┠╔㸪࣒ࣥ࢜࢘ࢩࣝ࢝㟁ụࡢ᪂つṇᴟᮦᩱࡢタィࡧࡼ࠾〇ࢆ

┠ᣦࠋࡓࡋ 
 

㸦㸯㸧&D[&R2ࡢ�⤖ᬗᵓ㐀ᐃᛂᘧ�

� ᅗ ࡋඹ᭷ࢆ⛸ࡀ㸪CoO6ඵ㠃యྠኈࡾ࠶ᒙ≧ᒾሷᆺᵓ㐀࡛ࡣᬗᵓ㐀⤖ࡢCa0.5CoO2࠺ࡼࡍ♧8-1-1

㟁ụṇᴟ࣒ࣥ࢜࢘ࢳࣜࡢ⾜⌧㸪ࡵࡓࡢࡑࠋࡿ࠶ᵓ㐀࡛ࡿࡍᏑᅾࡀࣥ࢜+Ca2ᒙ㛫ࡢᒙ≧ᵓ㐀ࡓ

⏝ࡿ࠸࡚ࢀࡉᒙ≧ᒾሷᆺᵓ㐀LiCoO2ྠᵝ㸪Ca0.5CoO2୰ࡢCa2+ࡣࣥ࢜ ab ᖹ㠃ෆྍࡀື⛣ࡢ⬟

 ࠋࡿࢀࡉᮇᚅࡀ㞳࣭ᤄධ⬺࡞㏫ⓗྍࡢࣥ࢜+Ca2ࡾࡼ㏫ⓗኚྍࡢ㸪⤖ᬗᵓ㐀ࡾ࠶࡛

 
CaxCoO2ࢆṇᴟᮦᩱࡓ࠸⏝࡚ࡋሙྜࡢᐃᛂᘧࢆ௨ୗࠋࡍ♧ 

CaxCoO2 я xCa2+ 㸩 2xe- 㸩 CoO2 
� ୖᘧ࡛ x = 0.5 㸪CaxCoO2ࡵࡓࡢࡑࠋࡿ࠶࡛⬟ྍࡀ㟁Ⲵ⿵ൾࡢ+ᛂ࡛Co3+/Co4ࡢሙྜ㸪┦ࡓࡋ

ࡀࣥ࢜+Ca2ࡽ xಶ⬺㞳ࡿࡍᛂࡀᮇᚅࡽࡀ࡞ࡋࡋࠋࡿࢀࡉ㸪ᒙ≧ᒾሷᆺ㓟≀ࡢ≉ᚩ࡚ࡋ㸪CoO6

ᅗ������&D���&R2ࡢ�⤖ᬗᵓ㐀�
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ඵ㠃యࡢCo ⨨ࡀࣥ࢜ࢳ࢝㸪ࣥ࢜ࢳ࢝⨨Co 㸪࡚ࡋࡑࠋࡿࢀࡽࡆᣲࡀࡇࡿࡍ㓄ิつ๎ࡀ

ࡇࡿࡍ㧗 ୗ࡛↝ᡂࠋࡿ࡞せᅉࡍࡽࡓࡶࢆຎࡢ㟁ẼᏛⓗ≉ᛶࡋ㜼ᐖࢆᵓ㐀ኚ࡞㏫ⓗྍࡀࢀࡇ

ࡿࡼⓎࡢࣥ࢜ࢳ࢝ࡣ㸪㧗 ୗ࡛ࡀࡿ࠶࡛⬟ྍࡀࡇࡿࡏࡉิᩚࢆ㓄ิ࡞つ๎ⓗࡢࡑ㸪ࡾࡼ

ᵓ㐀Ḟᦆ➼ࡀᑟධࡀࡇࡿࢀࡉ᫂ࠋࡿ࠸࡚ࡗ࡞ࡽᡃࡢࠎඛ⾜◊✲ࡶ࡚࠸࠾㸪࡞࠺ࡼࡢࡑ↝ᡂ 

ᗘ౫Ꮡᛶࢆ☜ㄆ࡛ࡇࡑࠋࡿ࠸࡚ࡋᮏ◊✲࡛ࡣ㸪ప ୗ࡛つ๎ⓗ㓄ิࡢᮦᩱྜᡂࣥ࢜ࡿࢀࡉ⬟ྍࡀ

ἲ࡚࠸⏝ࢆ Ca0.5CoO2ྜࡢᡂ࠸⾜ࢆ㸪࡛ࡲࢀࡇሗ࿌࠸࡞ࡢ Ca0.5CoO2ࡢ㟁ẼᏛ≉ᛶࡢゎ᫂ࢆ┠

ᣦࠋࡓࡋ 
 
㸦㸰㸧࣮ࣝࣈࣥࢩࣝࣉ㢮ఝయ�3%$�ࡢ⤖ᬗᵓ㐀ᐃᛂᘧ�

ᅗ 8-1-2 ࡉᵓᡂࡽᇶࣀࢩࢧ࢟࣊㸪㑄⛣㔠ᒓࡾ࠶᪉ᬗᵓ㐀࡛❧ࡣᬗᵓ㐀⤖ࡢPBA࠺ࡼࡍ♧

ࡣ⣽Ꮝᚄࡢࡑࠋࡿࡍ᭷ࢆᵓ㐀ࢡ࣮࣒࣮࣡ࣞࣇࡓࡗ࡞㐃୕ḟඖⓗࡀඵ㠃యࡿࢀ 5~6 Åࡃࡁ㸪㑄⛣

㔠ᒓࡸࣥ࢜ỈศᏊ➼ࡀ⣽Ꮝෆ࡛ᏳᐃᏑᅾྍ⬟࡛ࣥ࢜ࡓࡲࠋࡿ࠸࡚ࢀࡽ▱ࡀࡇࡿ࠶ฎ⌮ࡸ

⇕ฎ⌮ࢆࡽࢀࡑࡾࡼ㝖ཤྍ⬟࡛ࡸࡇࡿ࠶㸪୕ḟඖࢡ࣮࣒࣮࣡ࣞࣇᵓ㐀㉳ᅉ࡚ࡋᙉᅛ࠶࡛ྜ⤖࡞

 ࠋࡿࢀࡉணࡀᤄධ࣭⬺㞳࡞୕ḟඖⓗࡢ࣒ࣥ࢜࢘ࢩࣝ࢝㸪ࡶࡽࡇࡿ

 
� PBAࡢ⤌ᡂࡣ㸪AxM[M’(CN)6]㺃nH2Oࢀࡉ⾲㸪␎⛠ࡣ࡚ࡋMM’-PBAࠋࡿࢀࡉ⾲ᚑ᮶ࢩࣝࣉࡢ

㢮ఝయ(PBA)࣮ࣝࣈࣥࢩࣝࣉ㸪ࡋᑐࡢࡿ࠶࡛㕲(Fe)ඹࡀ’M㸪M(K)࣒࢘ࣜ࢝ࡀAxࡣ࣮ࣝࣈࣥ
㔠ᒓ㸪Mࣜ࢝ࣝࡀAxࡣ  ࠋࡿ࡞㑄⛣㔠ᒓࡢ➼Fe, Co, Ni, Mnࡀ’M

PBAࡕ࠺ࡢࡤ࠼㸪CaFe[Fe(CN)6]ࢆṇᴟᮦᩱࡓ࠸⏝࡚ࡋሙྜࡢᐃᛂᘧࢆ௨ୗࠋࡍ♧ 
CaFe(II)[Fe(II)(CN)6] я Ca2+ 㸩 2e- 㸩 Fe(III)[Fe(III)(CN)6] 

� PBA ᭱ࡀࣥ࢜+㸪Ca2ࡵࡓࡢࡑࠋࡿ࠶࡛⬟ྍࡀ㟁Ⲵ⿵ൾࡢ+㸪Fe2+/Fe3࡚࠸࠾㑄⛣㔠ᒓࡿࡍᵓᡂࢆ

 1ಶ⬺㞳࣭ᤄධࡿࡍᛂࡀᮇᚅࠋࡿࢀࡉPBAෆࡢ㑄⛣㔠ᒓ␗✀㔠ᒓࡶ࡚ࡗࡼࡇࡿ࠸⏝ࢆ㟁Ⲵ

⿵ൾࡾ࠶࡛⬟ྍࡀ㸪Ỉ⁐፹⣔ࡸ㠀Ỉ⁐፹⣔㟁ゎᾮࡢ࡚ࣥ࢜࠸࠾ᤄධ࣭⬺㞳ࡀ☜ㄆࡋࠋࡿ࠸࡚ࢀࡉ

࡚ࡋࣥ࢜ືྍࢆࣥ࢜+㸪Ca2ࡽࡀ࡞ࡋ PBA ࠋࡿ࠶࡛↓ⓙࡣࡿ࠸࡚ࡋウ᳨ࢆ㟁ẼᏛ≉ᛶࡢ

 㑄⛣㔠ᒓMࡢࠎ✀㸪ࡋ┠╔MFe-PBAࡓࡋM’ = Feࡿ࠸࡚ࢀࡉሗ࿌ࡀ㸪㟁Ⲵ⿵ൾࡣ࡛✲◊ᮏ࡛ࡇࡑ
= Co, Ni, Mn 㟁ẼࡢMFe-PBAࡓ࠸⏝ࢆࣥ࢜+㸪Ca2ඹ࠺⾜ࢆᡂྜࡢMFe-PBAࡿࡍ᭷ᵓ㐀ෆࢆ

Ꮫ≉ᛶࡢゎ᫂ࢆ┠ᣦࠋࡓࡋ 
 
㸶㸫㸰� ᪂つ㟁ụ⏝ṇᴟᮦᩱྜࡢᡂ�

㸦㸯㸧1D&R2ࢆ�ẕᮦᩱ࡚ࣥ࢜ࡋᛂࡓࡏࡉ&D���&R2ࡢ�ᵓ㐀ゎᯒ�

ձ�ᅛ┦ἲ1ࡿࡼD&R2ྜࡢ�ᡂ�

� Ꮫ㔞ㄽ⤌ᡂᑐ࡚ࡋ 10 mol%㐣ࡢ Na2O2  Co3O4 ࢆ Ar 㞺ᅖẼୗ࡛ΰྜᚋࢺࢵࣞ࣌ࡋ㸪

650 Υ, 16 h㸾O2ࣟࣇࢫ࢞ (࣮1 L/min)ࡢ᮲௳࡛⇕ฎ⌮ࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝ㸪ᅗ 8-2-1 㸪ᅛࡾ࠾ࡍ♧

┦ἲྜࡾࡼᡂࡓࡋNaCoO2ࡣࢡ࣮ࣆࡢ㸪⢊ᮎX⥺ᅇᢡࡋ⮴୍ࡰࢡ࣮ࣆࡢࣝࣇࢱ࣮ࢹ㸪ࡰ༢

 ࠋࡓࡋㄆ☜ࢆࡇࡓࢀࡉᡂྜࡀNaCoO2ࡢ┦

ᅗ������&D[#3%$ࡢ⤖ᬗᵓ㐀�
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ᅗ�����ᅛ┦ἲྜࡾࡼᡂ1ࡓࡋD&R2�ヨᩱ࣮ࢱࣃ'5;ࡢ �ࣥ

�

ղࣥ࢜�ἲࡿࡼ&D���&R2ྜࡢ�ᡂ�

� Ꮫ㔞ㄽ⤌ᡂᑐ࡚ࡋ 10 mol%㐣ࡢCa(NO3)2࣭ 4H2O ᅛ┦ἲྜࡽᡂࡓࡋNaCoO2ࢆAr㞺ᅖẼ

ୗ࡛ΰྜᚋ㸪300 Υ, 48 hẼ୰࡛⇕ฎ⌮ࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝ㸪ᅗ 8-2-2 ᚋࣥ࢜㸪ࡾ࠾ࡍ♧

Ca0.5CoO2ࡢ┦༢ࡰ㸪ࡋ⮴୍ࡰࢡ࣮ࣆࡢCa0.5CoO2ࡢࣝࣇࢱ࣮ࢹ㸪⢊ᮎX⥺ᅇᢡࡣࢡ࣮ࣆࡢ

 ࠋࡓࡋㄆ☜ࢆࡇࡓࢀࡉᡂྜࡀ

 
ᅗࣥ࢜������ᛂἲྜࡾࡼᡂࡓࡋ&D���&R2�ヨᩱ࣮ࢱࣃ'5;ࡢ �ࣥ

�

ճࣥ࢜�๓ᚋࡢ⢏Ꮚᙧែほᐹࡧࡼ࠾ඖ⣲ศᯒ�

� 㸪㟁⏺ᨺฟᙧ㉮ᰝ㟁Ꮚ㢧ᚤ㙾(FE-SEM)࡚࠸ࡘᵓᡂඖ⣲ࡧࡼ࠾⢏Ꮚᙧែࡢヨᩱࡢ๓ᚋࣥ࢜
ศᩓᆺ࣮ࢠࣝࢿ࢚ࡧࡼ࠾ X ⥺ศග(EDX)࡚࠸⏝ࢆほᐹ࣭ ᐃࡓࡋ⤖ᯝࢆ㸪ᅗ 8-2-3 ࣥ࢜ࠋࡍ♧

๓ᚋ࡛⢏Ꮚᙧែ࡞ࡁኚࡣぢࡀࡓࡗ࡞ࢀࡽ㸪ࣥ࢜ᚋࡢヨᩱࡣ Na ࢇࡀࢡ࣮ࣆࡢ

+Na࡚ࡗࡼᛂࣥ࢜㸪ࡽࡇࡢࡇࠋࡓࢀࡉ ほ░᫂ࡀࢡ࣮ࣆࡢ᪉࡛Ca୍࠸࡞ࢀࡉฟ᳨

 ࠋࡓࡗ࡞ࡽ᫂ࡽࣝࢺࢡ࣌ࢫEDXࡀࡇࡿ࠸࡚ࢀࡉࣥ࢜ࣥ࢜+Ca2ࡀࣥ࢜
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ᅗࣥ࢜������๓ᚋࡢヨᩱࡢ⢏Ꮚᙧែࢺࢡ࣌ࢫ;')ࡧࡼ࠾ �ࣝ

 
㸦㸰㸧࣮ࣝࣈࣥࢩࣝࣉ㢮ఝయ�0)H�3%$�ࡢᵓ㐀ゎᯒ�

ձ�␗ࡿ࡞㑄⛣㔠ᒓ✀0ࡓ࠸⏝ࢆ)H�3%$ࡢᾮ┦ྜᡂ�

� ᪤ሗ࿌ࡾ࠾ࡢ㸪0.05 mol L-1 K3[Fe(CN)6]Ỉ⁐ᾮ0.1 mol L-1 MCl2Ỉ⁐ᾮࢆୗࡋᐊ ࡛2 h᧠ᢾᚋ㸪

␃Ỉ࡛ࣜࣥ࠸⾜ࢆࢫ㸪80 Υ㸪24 hࡢ᮲௳࡛┿✵⇱ࡋࡔࡓࠋࡓࡗ⾜ࢆ㸪MࡣNi㸪Mn㸪Coࢆ⏝

㸪M = Ni࠸ ࡶᢾ᧠ࡳࡢሙྜࡢ 80 Υ࡛⾜ࡢࡑࠋࡓࡗ⤖ᯝ㸪ᅗ 8-2-4 ᅇࡢヨᩱࡓࡋ㸪ྜᡂࡾ࠾ࡍ♧

ᢡࡣ࣮ࣥࢱࣃ㸪⢊ᮎ X ⥺ᅇᢡࡢࣝࣇࢱ࣮ࢹᅇᢡࡋ⮴୍ࡰ࣮ࣥࢱࣃ㸪ࡰࡶࢀࡎ࠸༢┦ࡢ

MFe-PBA (M = Ni, Mn, Co)ྜࡀᡂࢆࡇࡓࢀࡉ☜ㄆࠋࡓࡋ 

 

ᅗ�����␗ࡿ࡞㑄⛣㔠ᒓ✀ྜ࡚࠸⏝ࢆᡂ0ࡓࡋ)H�3%$࣮ࢱࣃ'5;ࡢ �ࣥ

 
ղ�0)H�3%$ࡢ⢏Ꮚᙧែほᐹࡧࡼ࠾ඖ⣲ศᯒ�

� ࡓࡋᡂྜ࡚࠸⏝ࢆ✀㑄⛣㔠ᒓࡿ࡞␗ MFe-PBA 㸪㟁⏺ᨺฟᙧ㉮࡚࠸ࡘᵓᡂඖ⣲ࡧࡼ࠾⢏Ꮚᙧែࡢ

ᰝ㟁Ꮚ㢧ᚤ㙾(FE-SEM)࣮ࢠࣝࢿ࢚ࡧࡼ࠾ศᩓᆺ X ⥺ศග(EDX)࡚࠸⏝ࢆほᐹ࣭ ᐃࡓࡋ⤖ᯝࢆ㸪ᅗ

8-2-5 MFe-PBAࠋࡍ♧ 㸪NiFe-PBA㸪ࢀࡽぢࡀ࠸㐪⢏Ꮚᙧែ࡚ࡗࡼ㢮✀ࡢ㑄⛣㔠ᒓࡿࡍᵓᡂࢆ

CoFe-PBA㸪MnFe-PBA ᅗࠋࡓࢀࡉㄆ☜ࡀపῶࡢḟ⢏Ꮚ୍࡞㠀ᬗ㉁ᵝቑࡢ⢏Ꮚᚄ㡰ࡢ 8-2-4 ࡢ
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MnFe-PBA PBAࡢࡀ࣮ࣥࢱࣃᅇᢡࡢ 㸪ࡽࡇࡿ࠸࡚ࡗ࡞ࢡ࣮ࣆ࡞ࣉ࣮ࣕࢩ࠸⊂ࡢᖜ್༙ࡶࡾࡼ

MnFe-PBA ࡀࡇ࠸࡞ᑡࡀ㠀ᬗ㉁ᡂศࡢḟ⢏Ꮚ୍࡞㸪ᚤ⣽ࡣ XRD  ᐃ⤖ᯝࡶࡽ♧၀ࠋࡿࢀࡉEDX
ࡶࢀࡎ࠸㸪ࡾࡼᯝ⤖ࡢඖ⣲ศᯒࡢ MFe-PBA 㸪ྜᡂᮦᩱࡀࡓࢀࡉㄆ☜ࡀࢡ࣮ࣆࡢ㑄⛣㔠ᒓࡿࡍᵓᡂࢆ

 ࠋࡓࡗ࡞ࡽ᫂ࡀࡇࡿࡍ␃ṧMFe-PBAᵓ㐀ෆࡀ㸪Kࢀࡉㄆ☜ࡶࢡ࣮ࣆࡢKࡿࢀࡉ᭷ྵ

 

ᅗ�����␗ࡿ࡞㑄⛣㔠ᒓ✀ྜ࡚࠸⏝ࢆᡂ0ࡓࡋ)H�3%$ࡢ⢏Ꮚᙧែࢺࢡ࣌ࢫ;')ࡧࡼ࠾ �ࣝ

 
㸶㸫㸱� 㟁ẼᏛ≉ᛶホ౯�

㸦㸯㸧&D���&R2ࡢ�㟁ẼᏛ≉ᛶホ౯�

ձ�㟁ᴟࡧࡼ࠾㟁ụࡢస〇᪉ἲ�

� ṇᴟά≀㉁ Ca0.5CoO2㸪㈇ᴟά≀㉁ V2O5࠸⏝ࢆ㸪ྛࡢࠎά≀㉁ᑟ㟁ຓࣈࣥࣞࢳࢭ࡚ࡋ

ࢆ⢊ᮎࣥࣟࣇࢸ࡚ࡋ࣮ࢲࣥࣂ㸪ࢡࢵࣛ 70㸸25㸸5ࡢ㔜㔞ẚ⋡࡛ΰྜࡋ㸪࣮ࣟࣝᡂᙧࣥࣟࣇࢸࡓࡋ

ࠋࡓࡋస⏝ᴟ㸪ᑐᴟࢀࡒࢀࡑࢆࡢࡶࡓࡋ⇱㸪80 Υ, 12 h┿✵࡚ࡋࡑࠋࡓࡋస〇ࢆ㟁ᴟࢺࢵࣞ࣌╔⤖

ཧ↷ᴟࡣ㠀Ỉ⁐፹⣔Ag/Ag+ཧ↷ᴟࡓࡲࠋࡓ࠸⏝ࢆ㟁ゎᾮࡣ 0.5 mol L-1 Ca[N(SO2CF3)2]2/ANࢆ⏝

ࡗ⾜୰࡛ࢫࢡࢵ࣎ࣈ࣮ࣟࢢࡓࢀࡉࡓ‶࡛ࢫ࢞㸪Arࡣస〇ࡢ㟁ụࠋࡓࡋᵓᡂࢆࣝࢭ࣮࣮࢝ࣅ㸪୕㟁ᴟࡋ

 ࠋࡓ
 
ղ�ᐃ㟁ὶᨺ㟁ヨ㦂�

� ṇᴟά≀㉁࡚ࡋCa0.5CoO2ࡢᨺ㟁≉ᛶࢆホ౯ࡾࡓ࠶ࡿࡍ㸪ึ ᮇ᳨ウ࡛Ỵᐃࡓࢀࡉ㟁❆ࡢ㟁

⠊ᅖෆ࡛ᐃ㟁ὶᨺ㟁ヨ㦂࠾࡞ࠋࡓࡗ⾜ࢆ㸪ணഛᐇ㦂ࡢ⤖ᯝ㸪ά≀㉁୰ࡢCa2+ࡀ࡚ࣥ࢜ᛂᐤ

ࡿࡍ௬ᐃࡓࡋሙྜࡢᐜ㔞࡛㟁࠺⾜ࢆ㟁ゎᾮࡢ㓟ศゎᛂุࡀࡇࡿࡌ⏕ࢆ᫂ࡵࡓࡓࡋ㸪ୖ

㝈ᐜ㔞ࢆ 80 mAhg-1㸦Ca0.5CoO2ࡾࡓ࠶㸧ไ㝈࡚ࡋᨺ㟁ヨ㦂ࠋࡓࡗ⾜ࢆ௨ୗᐃ㟁ὶᨺ㟁ヨ㦂

᥇⏝ࡓࡋ᮲௳ࠋࡍ♧ࢆ 
   ࣭⎔ቃ ᗘ㸸 30 Υ㸦ᜏ ᵴ㸧  � � � � � � ࣭㟁ὶᐦᗘ㸸 50 ȝAcm-2 
   ࣭ୖ㝈ᐜ㔞㸸 80 mAhg-1㸦Ca0.5CoO2ࡾࡓ࠶㸧  ࣭㟁ࡢṇᴟୖ㝈㟁㸸 1.3 V vs. Ag/Ag+ 
   ࣭ᨺ㟁ࡢṇᴟୗ㝈㟁㸸 -3.0 V vs. Ag/Ag+ 
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� ᅗ 㟁࡛ୖࡢ㟁❆ෆࠋࡍ♧ࢆᨺ㟁ヨ㦂⤖ᯝࡢCa0.5CoO2ࡓࡋᡂྜࡾࡼἲࣥ࢜㸪8-3-1

㝈ᐜ㔞ࡢ࡛ࡲ㟁࣭ᨺ㟁ࡾ࠾࡚ࡁ࡛ࡀࡇ࠺⾜ࢆ㸪Ca2+ࡢࣥ࢜⬺㞳࣭ᤄධᛂࡀ♧၀ࡢࡇࠋࡓࢀࡉ

⤖ᯝࡾࡼ㸪Ca0.5CoO2࣒ࣥ࢜࢘ࢩࣝ࢝ࡣ㟁ụ⏝ṇᴟ࡚ࡋᨺ㟁ྍ⬟࡛ࡀࡇࡿ࠶᫂ࠋࡓࡗ࡞ࡽ

୍᪉㸪㟁㸭ᨺ㟁ࡢ㟁ࣝࣇࣟࣉ࡞ࡁ㛤ࡽࡇࡿ࠶ࡀࡁ㸪ᛂక࠺㐣㟁ᅽࡀ㧗ࡀࡇ࠸

 ࠋࡓࡗࢃ

 
ᅗࣥ࢜������ἲྜࡾࡼᡂࡓࡋ&D���&R2ࡢ�ᨺ㟁≉ᛶ�

 
㸦㸰㸧1L)H�3%$ࡢ㟁ẼᏛ≉ᛶホ౯�

� ᭱ࡀNiFe-PBAࡶ୰࡛ࡢ㸪MFe-PBAṇᴟࡾࡼணഛᐇ㦂ࡓ࠸⏝ࢆ㠀Ỉ⁐፹⣔㟁ゎᾮࡢሷ⁐ゎ࣒࢘ࢳࣜ

㸪௨㝆ࡽࡇࡓࡋ♧ࢆᨺ㟁ᐜ㔞࠸㧗ࡶ NiFe-PBA ṇᴟ㸭㟁ụࡢస〇᪉ἲࡧࡼ࠾ᐃ㟁ὶᨺ㟁ヨ㦂

 ࠋࡿࡍグ㏙࡚࠸ࡘ
�

ձ�㟁ᴟࡧࡼ࠾㟁ụࡢస〇᪉ἲ�

� ṇᴟά≀㉁࡚ࡋ NiFe-PBA㸪ᑟ㟁ຓࢡࢵࣛࣈ࢙ࣥࢳࢵࢣ࡚ࡋ㸪ࣥࣟࣇࢸ࡚ࡋ࣮ࢲࣥࣂ⢊

ᮎࢆ 70㸸20㸸10 㸪ࣟࡋ㔜㔞ẚ⋡࡛ΰྜࡢ ࣮ࣝᡂᙧࢺࢵࣞ࣌╔⤖ࣥࣟࣇࢸࡓࡋ㟁ᴟࢆస〇ࡓࡲࠋࡓࡋ㈇

ᴟά≀㉁࡚ࡋάᛶⅣ࠸⏝ࢆ㸪࣮ࣥ࣎࢝ࢀࡇᑟ㟁ຓࢆ࣮ࢲࣥࣂࣥࣟࣇࢸࡧࡼ࠾ 80㸸10㸸10 㔜ࡢ

㔞ẚ⋡࡛ΰྜࡋ㸪ṇᴟྠᵝࢺࢵࣞ࣌╔⤖ࣥࣟࣇࢸ㟁ᴟࢆస〇࡚ࡋࡑࠋࡓࡋ㸪80 Υ, 12 h┿✵⇱

㸪ྍࡾࡼணഛᐇ㦂ࡣ࡚ࡋ㛵ṇᴟࠋࡓࡋᑐᴟࢆ㈇ᴟࡓࡋ ỈࢺࢧࡢPBAࡿࢀࡉෆໟࡀࣥ࢜ື

ศࡢᏑᅾࡀ♧၀ࡵࡓࡓࢀࡉ㸪⬺Ỉฎ⌮࡚ࡋ 150 Υ㸪6 h㸪Ar㞺ᅖẼୗ࡛⇕ฎ⌮ࢆࡋ㸪ࢆࢀࡇస⏝

ᴟࠋࡓࡋཧ↷ᴟࡣ㠀Ỉ⁐፹⣔Ag/Ag+ཧ↷ᴟࡓࡲࠋࡓ࠸⏝ࢆ㟁ゎᾮࡣ 0.5 mol L-1 Ca[N(SO2CF3)2]2 

/ANࢆ⏝ࡋ㸪୕㟁ᴟࢆࣝࢭ࣮࣮࢝ࣅᵓᡂࠋࡓࡋ㟁ụࡢస〇ࡣ㸪Arࢡࢵ࣎ࣈ࣮ࣟࢢࡓࢀࡉࡓ‶࡛ࢫ࢞

 ࠋࡓࡗ⾜୰࡛ࢫ
 
ղ�ᐃ㟁ὶᨺ㟁ヨ㦂�

� ṇᴟά≀㉁࡚ࡋ NiFe-PBA 㟁ࡢ❆㟁ࡓࢀࡉ㸪ึᮇ᳨ウ࡛Ỵᐃࡾࡓ࠶ࡿࡍホ౯ࢆᨺ㟁≉ᛶࡢ

⠊ᅖෆ࡛ᐃ㟁ὶᨺ㟁ヨ㦂ࠋࡓࡗ⾜ࢆ௨ୗᐃ㟁ὶᨺ㟁ヨ㦂᥇⏝ࡓࡋ᮲௳ࠋࡍ♧ࢆ 
   ࣭⎔ቃ ᗘ㸸 30 Υ㸦ᜏ ᵴ㸧  � � � � � �   ࣭㟁ὶᐦᗘ㸸 25 ȝAcm-2 
   ࣭㟁ࡢṇᴟୖ㝈㟁㸸 1.0 V vs. Ag/Ag+� �  ࣭ᨺ㟁ࡢṇᴟୗ㝈㟁㸸 -1.0 V vs. Ag/Ag+ 

� ᅗ ࡣᨺ㟁ࡽᯝ⤖ࡢࡇࠋࡍ♧ࢆᨺ㟁ヨ㦂⤖ᯝࡢ㸪NiFe-PBA8-3-2 0.2 ~ -0.1 V vs. Ag/Ag+㸪

㟁ࡣ 0.4 V vs. Ag/Ag+㏆ഐ㟁ࡀ࣮ࢺࣛࣉほ ࡣ࣮ࢺࣛࣉࡢࡽࢀࡇࠋࡓࢀࡉணഛᐇ㦂ࣜࢡࢧࡢ

⤖ࡢࡇࠋࡓࢀࡉ၀♧ࡀࡇࡿࡍ㉳ᅉᤄධ࣭⬺㞳ᛂࡢࣥ࢜+Ca2ࡓࢀࡉㄆ☜࡛࣒ࣛࢢࣔࢱࣝ࣎ࢡࢵ

ᯝࡾࡼ㸪NiFe-PBA࣒ࣥ࢜࢘ࢩࣝ࢝ࡣ㟁ụ⏝ṇᴟ࡚ࡋᨺ㟁ྍ⬟࡛ࡀࡇࡿ࠶᫂ࠋࡓࡗ࡞ࡽ 
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ᅗ������1L)H�3%$ࡢᨺ㟁≉ᛶ�

 
㸶㸫㸲� ᨺ㟁క࠺ṇᴟࡢᛂᶵ �ɔ

㸦㸯㸧ᨺ㟁๓ᚋࡢ&D���&R2�ṇᴟࡢᵓ㐀ゎᯒ�

ձ�;⥺ᅇᢡࡿࡼᨺ㟁๓ᚋࡢ&D���&R2�ṇᴟࡢ⤖ᬗᵓ㐀ゎᯒ�

� ࣟࢢᚋ㸪ࡓࡗ⾜ࢆᨺ㟁ࡧࡼ࠾㟁ࡢ㸪80 mAhg-1࡚ࡋᑐCa0.5CoO2ࡓࡋᡂྜࡾࡼἲࣥ࢜

Ὑί࣭┿✵⬺Ẽࡋ㏉ࡾ⧞࡛ࢺ࣮ࢿ࣮࣎࢝ࣝࢳ࣓ࢪ㸪ࡋฟࡾྲྀࢆ㟁ᴟ࡚ࡋゎయࢆࣝࢭ୰࡛ࢫࢡࢵ࣎ࣈ࣮

ࡢࢺࢵࣞ࣌㟁ᴟࡓࡗ⾜ࢆ X ⥺ᅇᢡ ᐃࠋࡓࡗ⾜ࢆᅗ 8-4-1 ࡓࢀࡽᚓ XRD 㸪࠾࡞ࠋࡍ♧ࢆ࣮ࣥࢱࣃ

ෆ㒊ᶆ‽࡚ࡋῧຍࡓࡋSi㉳ᅉࢆࢡ࣮ࣆࡿࡍᇶ‽ࠋࡿ࠸࡚ࡋᅗ 8-4-1 㸪CoO6࠸క㟁࡚࠸࠾

ඵ㠃యᒙ᪉ྥᑐᛂࡢࢡ࣮ࣆ(002) ,(001)ࡿࡍᙉᗘࡀపୗࡢࡢࡶࡿ࠸࡚ࡋ㸪ⱝᖸ࡛ࡀࡿ࠶ࡣపゅᗘഃ

ࡢᚋࡢࡑࠋࡓࡗࢃࡀࡇࡿ࠸࡚ࡋᙇ⭾ࡀᬗ᱁Ꮚ⤖࠸క㞳⬺ࣥ࢜+㸪Ca2ࢀࡉㄆ☜ࡀࢺࣇࢩࢡ࣮ࣆ

ᨺ㟁࡛ࡣ㸪ࢡ࣮ࣆ⨨ึࡀᮇ≧ែ࡛ࡲᡠࡾ࠾࡚ࡗ㸪ᛂྍࡢ㏫ᛶࢀࡎ࠸ࠋࡿࢀࡽ࠼⪄ࡢࡶࡍ♧ࢆ

࣮ࣆ㸪ࡀࡿࢀࡽ࠼⪄ࡿ࠸࡛ࢇ㐍ࡀ㞳࣭ᤄධᛂ⬺ࡢࣥ࢜+Ca2ࡎࢃకࢆᵓ㐀ኚ࡞ࡁ㸪ࡶ࡚ࡋ

 ࠋࡿ࠶ᚲせ࡛ࡀᵓ㐀ゎᯒ࡞㸪ᚋヲ⣽ࡾ࠶࡛ࡎࢃࡣࢺࣇࢩࢡ

 

ᅗ������ᨺ㟁๓ᚋࡢ&D���&R2�ṇᴟ࣮ࣥࢱࣃ'5;ࡢẚ㍑�
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ղ�(';ࡿࡼᨺ㟁๓ᚋࡢ&D���&R2�ṇᴟࡢඖ⣲ศᯒ�

� ๓㡯࡛♧၀ࡓࢀࡉCa2+ࡢࣥ࢜⬺㞳࣭ᤄධᛂࢆ᭦⌮ゎࡿࡍ┠ⓗ࡛㸪ࣥ࢜ἲྜࡾࡼᡂࡋ

㸪 EDXࢆẚ⋡ኚࡢࢺࣝࣂࢥ࣒࢘ࢩࣝ࢝ࡢ㟁ᴟ୰ࡢᨺ㟁ᚋࡧࡼ࠾㸪㟁ᚋ࡚࠸ࡘヨᩱࡓ ࡼ

Coࠋࡓࡋศᯒࡾ ᅗࢆᯝ⤖ࡓࡋᙉᗘ࡛つ᱁ࣝࢺࢡ࣌ࢫࡢ  ࠋࡍ♧8-4-2
� ᅗ ࠸࡚ࡋᖐែ≦ࡢᨺ㟁࡛ᨺ㟁๓ࡢᚋࡢࡑ㸪ࡋపୗࡾࡼ㟁ࡀᙉᗘࢡ࣮ࣆࡢ㸪Caࡾࡼ8-4-2

ࡾࡼ㸪㟁ࡽࡇࡿ Ca0.5CoO2ṇᴟࡽ Ca2+ࡀࣥ࢜⬺㞳ࡋ㸪ᨺ㟁ࡾࡼ Ca2+ࡀࣥ࢜ࡧ⤖ᬗ

᱁Ꮚ୰ᤄධࠋࡓࡗࢃࡀࡇࡿ࠸࡚ࢀࡉ 

 
ᅗ������ᨺ㟁๓ᚋࡢ&D���&R2�ṇᴟࢺࢡ࣌ࢫ;')ࡢ �ࣝ

 
㸦㸰㸧ᨺ㟁๓ᚋ1ࡢL)H�3%$ṇᴟࡢᵓ㐀ゎᯒ�

ձ�;⥺ᅇᢡࡿࡼᨺ㟁๓ᚋ1ࡢL)H�3%$ṇᴟࡢ⤖ᬗᵓ㐀ゎᯒ�

� ᾮ┦ἲྜࡾࡼᡂࡓࡋ NiFe-PBA ࢭ୰࡛ࢫࢡࢵ࣎ࣈ࣮ࣟࢢᚋ㸪ࡓࡗ⾜ࢆᨺ㟁ࡧࡼ࠾㸪ᨺ㟁ࡋᑐ

ࢵࣞ࣌㟁ᴟࡓࡗ⾜ࢆὙί࣭┿✵⬺Ẽࡋ㏉ࡾ⧞࡛ࢺ࣮ࢿ࣮࣎࢝ࣝࢳ࣓ࢪ㸪ࡋฟࡾྲྀࢆ㟁ᴟ࡚ࡋゎయࢆࣝ

ࡢࢺ X ⥺ᅇᢡ ᐃࠋࡓࡗ⾜ࢆᅗ 8-4-3 ࡓࢀࡽᚓ XRD ῧຍ࡚ࡋ‽㸪ෆ㒊ᶆ࠾࡞ࠋࡍ♧ࢆ࣮ࣥࢱࣃ

ᅗࠋࡿ࠸࡚ࡋ‽ᇶࢆࢡ࣮ࣆࡿࡍ㉳ᅉSiࡓࡋ 㸪NiFe-PBA࡚࠸࠾8-4-3  ,(200)ࡿࡍᑐᛂ㦵᱁᱁Ꮚࡢ
㦵᱁ࡢ⣽Ꮝ㒊ࡾࡼᤄධࣥ࢜+㸪Ca2ࡋࢺࣇࢩ㧗ゅᗘഃࡀࡿ࠶ࡣⱝᖸ࡛࠸క㸪ᨺ㟁ࡣࢡ࣮ࣆ(220)

᱁Ꮚࡀ⦰ࡢࡑࠋࡓࡗࢃࡀࡇࡿ࠸࡚ࡋᚋࡢ㟁࡛ࡣ㸪ࢡ࣮ࣆ⨨ึࡀᮇ≧ែ࡛ࡲᖐࡾ࠾࡚ࡋ㸪

Ca2+ࡢࣥ࢜ᤄධ࣭⬺㞳ᛂྍࡢ㏫ᛶࠋࡿࢀࡽ࠼⪄ࡢࡶࡍ♧ࢆ 

 

ᅗ������ᨺ㟁๓ᚋ1ࡢL)H�3%$�ṇᴟ࣮ࣥࢱࣃ'5;ࡢẚ㍑�
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ղ�(';ࡿࡼᨺ㟁๓ᚋ1ࡢL)H�3%$ṇᴟࡢඖ⣲ศᯒ�

� ๓㡯࡛♧၀ࡓࢀࡉCa2+ࡢࣥ࢜ᤄධ࣭⬺㞳ᛂࢆ᭦⌮ゎࡿࡍ┠ⓗ࡛㸪ᨺ㟁ᚋࡧࡼ࠾ᨺ㟁ᚋࡢ㟁

ᴟ୰࣒࢘ࢩࣝ࢝ࡢ㕲ࡢẚ⋡ኚࢆ㸪 EDXࡾࡼศᯒࠋࡓࡋFeࣝࢺࢡ࣌ࢫࡢᙉᗘ࡛つ᱁ࡓࡋ⤖ᯝ

ᅗࢆ  ࠋࡍ♧8-4-4
� ᅗ ࡀࡇࡓࢀࡉᤄධࡀࣥ࢜+Ca2㸪PBA⣽Ꮝෆࡋቑࡾࡼᨺ㟁ࡀᙉᗘࢡ࣮ࣆࡢ㸪Caࡾࡼ8-4-4

㞳⬺ࡀࣥ࢜+Ca2ࡽ㸪NiFe-PBAṇᴟࢀࡽぢࡀపୗࡢᙉᗘࢡ࣮ࣆࡢCaࡾࡼ㟁ࡢᚋࡢࡑࠋࡿࢃ

㸪PBAࡽࡇࡿ࠸࡚ࢀࡉฟ᳨ࡀࢡ࣮ࣆࡢK㸪ᨺ㟁๓࣭ᨺ㟁ᚋࡋࡋࠋࡓࢀࡉㄆ☜ࡀࡇࡿ࠸࡚ࡋ
⣽Ꮝෆ K+ࡀࣥ࢜ṧᏑࡀࡇࡿ࠸࡚ࡋ᫂ࡢࡑࡓࡲࠋࡓࡗ࡞ࡽᚋࡢ㟁ࡾࡼ K ᙉᗘࢡ࣮ࣆࡢ

ࡋ㞳⬺ࡽNiFe-PBAṇᴟඹࣥ࢜+Ca2ࡀࣥ࢜+Kࡓࡋ␃ṧ㸪PBA⣽Ꮝෆࡵࡓࡿ࠸࡚ࡋపୗࡣ

 ࠋࡓࡋุ᫂ࡀࡇࡿ࠸࡚

 
ᅗ������ᨺ㟁๓ᚋ1ࡢL)H�3%$ṇᴟࢺࢡ࣌ࢫ;')ࡢ �ࣝ

 
ճ�;36ࡿࡼᨺ㟁๓ᚋ1ࡢL)H�3%$ṇᴟࡢ⤖ྜ≧ែゎᯒ�

� Ca2+ࡢࣥ࢜ᤄධ࣭⬺㞳ᛂక࠺㸪NiFe-PBAෆࡢ㑄⛣㔠ᒓࡢ౯ᩘኚࢆ⌮ゎࡿࡍ┠ⓗ࡛㸪X⥺ග

㟁Ꮚศග(XPS)࡚࠸⏝ࢆ㸪ᨺ㟁ᚋࡧࡼ࠾ᨺ㟁ᚋࡢ㟁ᴟ୰ࡢ㕲ࡢࣝࢣࢵࢽ⤖ྜ≧ែศᯒࡑࠋࡓࡗ⾜ࢆ

XPSࡢࡽࢀ ᅗࢆᯝ⤖ࡢࣝࢺࢡ࣌ࢫ 8-4-5  ࠋࡍ♧
� ᅗ 8-4-5 Fe 2pࡢ ㌶㐨ࡢXPS NiFe-PBAࡿࡼ㸪ᨺ㟁ࡾࡼࣝࢺࢡ࣌ࢫ ⣽ᏍෆࡢCa2+ࡢࣥ࢜ᤄධ

☜ࡀࡇࡿࡍῶᑡࡀ౯ᩘ+Fe2ࡽ+㸪Fe3ࡋࢺࣇࢩഃ࣮ࢠࣝࢿ࢚పࡀࢡ࣮ࣆࡿࡍ㉳ᅉ+㸪Fe3࠸క

ㄆࡢࡑࠋࡓࢀࡉᚋࡢ㟁ࡿࡼNiFe-PBA⣽ᏍෆࡢࡽCa2+ࡢࣥ࢜⬺㞳క࠸㸪Fe2+ࢡ࣮ࣆࡢ⨨ࡀ

ึᮇ≧ែᡠࡾ㸪Fe2+ࡽFe3+౯ᩘࡀᡠࡀࡇࡿ☜ㄆ୍ࠋࡓࢀࡉ᪉࡛㸪ᅗ 8-4-5 Ni 2pࡢ ㌶㐨ࡢXPS
㸪ᨺ㟁ࡀ࠸࡞࠸࡚ࢀࡉㄆ☜ࢇࡀࢺࣇࢩ࣮ࢠࣝࢿ࢚ࡢࢡ࣮ࣆࡿࡍ㉳ᅉ+㸪Ni2ࡣࣝࢺࢡ࣌ࢫ

 Ni2+ࢡ࣮ࣆࡢᙉᗘࡢపୗࡀほ ࡿࢀࡉඹ㸪863 eV ㏆࡞ࢻ࣮ࣟࣈ Ni ฟࡢࢡ࣮ࣆࢺࣛࢸࢧ

ࢀࡇ㸪ࡀࡿࢀࡉ၀♧ࡀࡇࡿࡍ㛵ಀᤄධ࣭⬺㞳ᛂࡢࣥ࢜+Ca2ࡶ㸪Niࡵࡓࡢࡇࠋࡓࢀࡉ ほࡀ⌧

 ࠋࡿ࠶ᚲせ࡛ࡀ㟁Ꮚ≧ែゎᯒ࡞ᚋヲ⣽࡚ࡋ㛵
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� ࡚ࡋ⿵ೃࡢ㟁ụ⏝ṇᴟᮦᩱ࣒ࣥ࢜࢘ࢩࣝ࢝ Ca0.5CoO2 㢮ఝయ࣮ࣝࣈࣥࢩࣝࣉࡧࡼ࠾

(MFe-PBA)ࡋ┠╔㸪๓⪅ࡢᮦᩱ࡚࠸࠾ NaCoO2 ࡢ┦༢ࡰἲ࡛ࣥ࢜ࡿࡍẕᮦᩱࢆ

Ca0.5CoO2ྜࡀᡂ࡛ࡾࢃࡀࡇࡿࡁ㸪ᚋ⪅ࡢᮦᩱ࡚࠸࠾M = Ni, Co, Mn ࡶᵓ㐀㦵᱁ࢆ㑄⛣㔠ᒓࡢ

 ࠋࡓࡗࢃࡀࡇࡿࡁᡂ࡛ྜࡀMFe-PBAࡢ┦༢ࡰࡶࢀࡎ࠸㸪ࡕ
� 㟁ụ⏝ṇᴟᮦᩱ࣒ࣥ࢜࢘ࢩࣝ࢝㠀Ỉ⁐፹⣔㟁ゎᾮ୰࡛㸪ࡓࡏࡉゎ⁐᭷ᶵ⁐፹ࢆሷ࣒࢘ࢩࣝ࢝

㸪࡚࠸⏝ࢆ㠀Ỉ⁐፹⣔㟁ゎᾮࡢሷ⁐ゎ࣒࢘ࢳࣜࡓࡲࠋࡓࡋウ᳨࡚ࡵึࢆ㟁ẼᏛ≉ᛶࡢCa0.5CoO2ࡢ࡚ࡋ

MFe-PBAṇᴟࡢ㟁ẼᏛ≉ᛶࢆホ౯ࡋ㸪ࡢࡑ୰࡛ࡶᨺ㟁ᐜ㔞ࡶ᭱ࡀ㧗࠸NiFe-PBAࡋ┠╔㸪ࣝ࢝

ࡓ࠸⏝ࢆ㠀Ỉ⁐፹⣔㟁ゎᾮࡢሷ⁐ゎ࣒࢘ࢩ NiFe-PBA ṇᴟࡢ㟁ẼᏛ≉ᛶ᳨࡚ࡵึࢆウࡽࢀࡇࠋࡓࡋ

ࡇࡿ࠶࡛⬟ᨺ㟁ྍ࡚ࡗకࢆᤄධ࣭⬺㞳ᛂࡢ࣒ࣥ࢜࢘ࢩࣝ࢝㸪ඹࡣṇᴟᮦᩱࡢᯝ㸪ୖグ⤖ࡢ

㸪ࡽࡀ࡞ࡋࡋࠋࡓࡗࢃࡀࡇࡿ࠶᭷ᮃ࡛࡚ࡋ㟁ụ⏝ṇᴟᮦᩱ࣒ࣥ࢜࢘ࢩࣝ࢝㸪ࡾ࡞ࡽ᫂ࡀ

ṇᴟᮦᩱࡢ㸪ᨺ㟁๓ᚋࡣࡵࡓࡿࡍホ౯ࢆ㟁ẼᏛ≉ᛶ࠺కᤄධ࣭⬺㞳ᛂࡢ࣒ࣥ࢜࢘ࢩࣝ࢝

 ࠋࡿ࠶ㄢ㢟࡛✲◊ࡢ㸪ᚋࡾ࠶ࡶⅬࡁࡍゎ࡚᫂ࡋ㛵㟁Ꮚ≧ែࡧࡼ࠾ᬗᵓ㐀⤖ࡢ
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