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ᅾ࡛ࠊࡣNb-Zr ࡶࡾࡼ Bc2 ඃ࡟ຍᕤᛶࡘୟࡃ㧗ࡀ
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ᅗ 1 ࡣ Nb-Ti ᖹ⾮≧ែᅗ࡛ࠋࡿ࠶඲⋡ᅛ⁐⣔࡛࠶

Nbࠊࡀࡿ ഃ࡛ࡣయᚰ❧᪉᱁Ꮚ㸦bcc㸧ࡢ ǃ┦࡛ࠊ

Ti ഃ࡜ࡿ࡞࡟ᐊ ࡛ࡣභ᪉᭱ᐦ᱁Ꮚ㸦hcp㸧ࡢ ǂ
bccࠋࡿࡍᯒฟࡀ┦ ࡣ hcp ከࡀ⣔ࡾ࡭ࡍ࡚࡭ẚ࡟

ᅗࠋࡿ࠸࡚ࢀඃ࡟ຍᕤᛶࡃ 2 Nb-Tiࠊࡣ ⤌ᡂ࡜ Tc
ཬࡧ Bc2 ⣙ࠋࡿ࠶㛵ಀ࡛ࡢ 22wt%Ti ⤌ᡂ࡛᭱㧗

⣙47wt%TiࡣBc2ࠊࡀࡍ♧ࢆTcࡢ10.1Kࡿ࡞࡜್
⤌ᡂ࡛᭱ࡶ㧗ࠊࡾ࡞ࡃTc ࡶ 9.0K ⛬ᗘࢆ⥔ᣢ࡚ࡋ

ࡣ࡟ᐇ⏝⥺ᮦࠊ࡟ࡵࡓࡿ࠸ 45-50wt%Ti ⤌ᡂࢆ⏝

࡛ ᴟపࠊࡣ࡟㉸ఏᑟ⥺ᮦࡓࡲࠋ࠸ከࡀሙྜࡿ࠸

㟁Ẽࠊࡵࡓࡄ㜵ࢆఏ᧛ࡢᖖఏᑟࡓࡅཷࢆࡂࡽࡺࡢ

᢬ᢠࡀᑠ࠸ࡉ㧗⣧ᗘࡢ㖡1965ࠋࡿ࠸࡚ࢀࡉྜ「ࡀ
ᖺ࡟ Z. J. J. Stekley ࡼ࡟㖡ࡓࢀࡉᥦၐࡾࡼ࡟ࡽ

ᅇ᚟࡟㉸ఏᑟࡀᖖఏᑟࡣ⣧㖡ࠋ[2]ࡿ࠶Ᏻᐃ໬࡛ࡿ

ࡢࡘ୍ࢆ㉸ఏᑟ㒊ࠊࡓࡲࠋࡿ࡞࡜㎽ᅇ㊰ࡢ㛫ࡿࡍ

኱࡞ࡁሢࡎࡏ࡜ᑠࡃࡉศ๭ࠊ࡜ࡿࡍ඲యࡌྠࡣయ

ࡸ⦅ࡀ౵ධࡢ᮰☢ࡢሙྜࡓࡋኚືࡀሙ☢ࡶ࡛✚

ࠊ࡚ࡗᚑࠋࡿࡍᏳᐃ໬ࡀ㉸ఏᑟ≧ែࡵࡓࡿ࡞࡟࠿

ᐇ⏝㉸ఏᑟ⥺ᮦࡢෆ㒊ࡢࢇࡉࡃࡓࠊࡣ⣽࠸㉸ఏᑟ

ࡉࠋࡿ࠸࡚ࡗ࡞࡜ከⰺᵓ㐀ࡿ࡞ࡽ࠿ࢺ࣓ࣥࣛ࢕ࣇ

ࡋ௓ࢆᮦẕᮦ⥺ࡢᖖఏᑟࡶ࡚ࡋ࡜ከⰺᵓ㐀ࠊ࡟ࡽ

࡚㐽ⶸ㟁ὶࡀㄏ㉳ࡀࢀࡇࠊࢀࡉ㉸ఏᑟࡢᏳᐃ໬ࢆ

㜼ᐖࠋࡿࡍ㟁ὶࢆࣉ࣮ࣝࡢᑠࠊ࡟ࡵࡓࡿࡍࡃࡉ⥺

ᮦྑࡣᅇࡾ㸦s ᪉ྥ㸧ࡣ࠸ࡿ࠶ᕥᅇࡾ㸦z ᪉ྥ㸧࡟

㸧ɔࡓࢀࡽࡌࡡ㸦ࡓࢀࡉࢺࢫ࢖ࢶ 㐀ࠋࡿ࠸࡚ࡗ࡞࡜

ࢆ᮰☢ࡣ࡟ࡿࡍ㏻㟁ࢆ㧗☢ሙୗ࡛኱㟁ὶࠊ࡟ࡽࡉ

ࠋࡿ࡞࡜ᚲせࡀ࣮ࢱࣥࢭࢢࣥࢽࣥࣆࡿࡍࡵṆࣥࣆ

኱ࡢ㛗⛬ᗘࢫ࣮ࣥࣞࣄࢥࡣ࣮ࢱࣥࢭࢢࣥࢽࣥࣆ

㸦Nb-Tiࡉࡁ ࡤࢀ࠶࡛ 5nm ⛬ᗘ㸧ࡢᖖఏᑟ㒊ࡀ᭷

ຠ࡟ാࠊࡀࡃJ. B. Vetrano࡜R. W. Boom400ࡣΥ
⛬ᗘࡢ᫬ຠ⇕ฎ⌮࡛ᅗ ࡞ᚤ⣽࡞࠺ࡼࡍ♧࡟3 ǂ-Ti
⢏Ꮚࢆᯒฟࡿࡏࡉᡭἲࢆぢฟࠊࡋ㧗☢ሙୗ࡛ࡢ⮫

⏺㟁ὶᐦᗘ㸦Jc㸧࡟ୖྥࡢᡂຌࠋ[3]ࡓࡋᅗ 3 ㏱ࡣ

㐣㟁Ꮚ㢧ᚤ㙾࡛᧜ᙳࡓࡋNb-Ti⥺ᮦ᩿ࡢ㠃෗┿࡛

ࡀ⧊⤌ࡢ≦ࣥ࣎ࣜ࠸ⓑࠋ[4]ࡿ࠶ ǂ-Ti  ࠋࡿ࠶࡛
ලయⓗ࡞⥺ᮦ〇㐀ࡣ௨ୗࡢᕤ⛬࡛⾜ࡲࠋࡿࢀࢃ

ࡢゎ࡛ᡤᮃ⁐࣒࣮ࣅ㟁Ꮚࡣ࠸ࡿ࠶ゎ⁐ࢡ࣮࢔ࠊࡎ

⤌ᡂࡢ Nb-Ti ࡶ࠸ࡁ኱ࠋࡿࢀࡉ〇⁐ࡀࢺࢵࢦࣥ࢖

ᚄ┤ࡣ࡛ࡢ 300mm ⛬ᗘࢺࢵࢦࣥ࢖ࡢࡇࠋࡿ࡞࡟

ࠊࡋᐇ᪋ࢆ⌮ᐜయ໬⇕ฎࠊ㘫㐀ࠊ⌮ᆒ㉁໬⇕ฎࢆ

ᆒ㉁࡞ Nb-Ti ྜ㔠ࣟࢆࢻࢵస〇ࢻࢵࣟࡢࡇࠋࡿࡍ

࢟ࡣ㓟⣲㖡⟶㸦஺ὶ⏝⥺ᮦ࡛↓ࡿ࡞࡜Ᏻᐃ໬ᮦࢆ

࡚ࡋᤄධ࡟㸧ࡿ࠶ࡶሙྜ࠺౑ࢆ⟶ࣝࢣࢵࢽࣟࣉࣗ

㝽࡛ࢫࣞࣉ㟼Ỉᅽࠊࡋ᥋⁐࣒࣮ࣅ㟁Ꮚ࡚ࡋࢆࢱࣇ

㛫ࡓࡋࡃ࡞ࢆᚋࠊ࡟⇕㛫ᢲฟຍᕤࡢࡑࠋ࠺⾜ࢆᚋ

ࢆఙ⥺ᶵ࡛෭㛫ᘬᢤຍᕤࡸࢳ࣮ࣥ࣋ࣟࢻ኱ᆺ࡟

ᐇ᪋ࠊ࡚ࡋභゅᙧࢆ⥺ྜ「ࡢస〇ࡢࡇࠋࡿࡍ」ྜ

㟁Ꮚࠊࡋᤄධ࡟⟶㓟⣲㖡↓ࡧ෌࡚ࡡ᮰ࡶఱᮏࢆ⥺

ࠋࡿࢀࢃ⾜ࡀ෭㛫ᘬᢤຍᕤࠊ㛫ᢲฟ⇕ࠊ᥋⁐࣒࣮ࣅ

௙ᵝ࡟ᛂࡢࡇ࡚ࡌᕤ⛬ᩘࢆᅇ⧞ࡾ㏉ࠊ࡚ࡋᡤᐃࡢ

ᮏᩘ࡜እᚄࡢNb-Tiࡓࢀࡉྜ「ࡀࢺ࣓ࣥࣛ࢕ࣇᴟ

⣽ከⰺ⥺ᮦࡀస〇ࠋึࡿࢀࡉ ᮇࡢ Nb-Ti ࢵࢦࣥ࢖

Nb-Tiࠊ࡛ࡲࡿ⮳࡟ᴟ⣽ከⰺ⥺ᮦ࡞ⓗ⤊᭱ࡽ࠿ࢺ
ྜ㔠᩿ࡣ㠃ῶᑡ⋡࡚ࡋ࡜ 108㹼1010 ࡪࡼ࠾࡛ࡲ࡟

ᙉຍᕤࡀຍ࡞࠺ࡼࡢࡇࠋࡿࢃᙉຍᕤࡿ࠼⪏࡟ඃࢀ

ࡀረᛶຍᕤᛶࡓ Nb-Ti ࡟ࡽࡉࠋࡿ࠸࡚ࡗࢃഛࡣ࡟

ఙ⥺ຍᕤ㏵୰࡛ࠊࡣ๓㏙ࡓࡋ ǂ-Ti ࡓࡿࡏࡉᯒฟࢆ

ǂ-Tiࠋࡿࢀࡉ᪋ࡀ⌮᫬ຠ⇕ฎࡢࡵ ⢏Ꮚࡸࢬ࢖ࢧࡢ

 
ᅗ 3. Nb-Ti㸦ǃ┦㸧୰࡟ᯒฟࡓࡋ ǂ-Ti[4]ࠋ 

 
ᅗ 2. Nb-Ti ⤌ᡂ࡜ Tc ཬࡧ Bc2  ࠋ㛵ಀࡢ

㛫㝸ࠊᙧ≧ࡣ࡝࡞ᙉࡃ☢᮰ࣥࣆࡢṆ࡟ࡵᙳ㡪ࠊࡋ

ᛂࠊ࡚ࡗᚑࠋࡿࡍኚ໬ࡾࡼ࡟௳ຍᕤ᮲ࡣែ≦ࡢࡑ

࠸ሙ㡿ᇦ࡛㧗☢ࡿࡍ⏝ Jc ຍᕤ᮲ࠊ࡟ࡵࡓࡿᚓࢆ

࣮࢝ᮦ࣓࣮⥺ࡣヲ⣽ࠊࡾ࠶ࡀᚲせࡿࡍ㐺໬᭱ࢆ௳

ࡢࡑࠋࡿ࠸࡚ࢀࡉ࡜㠀බ㛤࡚ࡋ࡜࢘ࣁ࢘ࣀࡢ♫ྛ

௚ࠊ஺ὶ⏝ከⰺ⥺ᮦ࡛ࡣ Nb-Ti ࢧࡀࢺ࣓ࣥࣛ࢕ࣇ

ǂ-Tiࠊࡵࡓࡿ࡞ࡃ⣽࡛ࡲᚄࣥࣟࢡ࣑ࣈ ⢏Ꮚࢆᯒฟ

Nb-Tiࠊ࡜࠺⾜ࢆ⌮᫬ຠ⇕ฎࡿࡏࡉ ࢺ࣓ࣥࣛ࢕ࣇ

࠸⬤㠃཯ᛂ࡛⏺ࡢ㛫ࡢ࡜㖡ࡢẕᮦ࡜ CuTi ໬ྜ≀

᫬ࠊ࡚ࡗᚑࠋࡿ࠼୚ࢆᨭ㞀࡟ᮦຍᕤ⥺࡚ࡋᡂ⏕ࡀ

ຠ⇕ฎ⌮࡟ࡵࡓ࠸࡞ࡁ࡛ࡀ࡜ࡇ࠺⾜ࢆ⣧ Nb ࢆ➼

◊ࡢᑟධࣥࣆேᕤࡿࡍຍᕤྜ「࡛࣮ࣝࢣࢫࣀࢼ

✲㛤Ⓨࠋ[6 ,5]ࡓࢀࢃ⾜ࡀ 

3. A15 ᆺ໬ྜ≀⣔⥺ᮦ 

3.1. Nb3Sn ⥺ᮦ 

1953 ᖺࠊ⡿ᅜࢦ࢝ࢩ኱Ꮫࡢ Hardy ࡜ Hulm ࠊࡣ

࢖ࢣࠊ≀㓟໬ࠊ≀໬❅ࠊ≀໬࢘࣍໬ྜ≀㸦ࡢࠎ✀

໬≀࣒࢘ࢽ࣐ࣝࢤࠊ໬ྜ≀࡝࡞㸧ࡀ㉸ఏᑟయ࡛࠶

㉸࡞ࠎᵝࡓࢀࡉሗ࿌࡟ᙜ᫬ࠋ[7]ࡓࡋሗ࿌ࢆ࡜ࡇࡿ

ఏᑟ໬ྜ≀ࡢෆࠊᅗ 5 ࡢᬗᵓ㐀⤖ࡍ♧࡟ ǃ㸫ࣥࢱ

ࡢ≀ᆺ໬ྜࣥࢸࢫࢢ V3Si ࡛ 17.1K ࠸㧗ࡶ᭱࡜ Tc
⤖࡞ఏ⤫ⓗࡣᬗ⤖ྠࠋࡓࡋぢฟࢆ࡜ࡇࡿࢀࡽᚓࡀ

ᬗᵓ㐀ศ㢮ἲ㸦Strukturbericht Designation㸧࡛

ࡣ A15 ᆺࠊࢀࡤࡼ࡜A3B ᡂẚ࡛⤌ࡢ A ཎᏊࡣ஫

◊ࡢᚋࡢࡑࠋࡿ࠸࡛ࢇ⤌ࢆ㓄ิࡢ≦㙐࡞┤ᆶ࡟࠸

✲࡛ A ཎᏊࡢ㙐≧ࡢ㓄ิࡀ㧗࠸ Tc ᅉࡿࢀࡽᚓࡀ

Ꮚ࡛ࠋ[8]ࡿ࠸࡚ࢀࡽ࠼⪄࡜ࡿ࠶⩣ᖺࡢ 1954 ᖺࠊ

A15 ᆺ㔠ᒓ㛫໬ྜ≀࡟ὀ┠ࡓࡋ⡿ᅜࣝ࣋◊✲ᡤ

ࡢ Matthias ࡀࡽ Nb3Sn Tcࠊࡋぢฟࢆ ࡀ 18.05K
࡟ࡽࡉࠋ[9]ࡓࡋሗ࿌࡜ 4 ᖺᚋࡢ 1958 ᖺࡃࡌྠࠊ

Matthiasࡀࣉ࣮ࣝࢢࡢᘬࡁ⥆ࡁNb3Alࢆぢฟࠊࡋ

17.5K ࡢ Tc ࡶࡃࡋወ ࠋ[10]ࡓࡋሗ࿌࡜ Nb3Sn ࡜

Nb3Alࡾࡼ࡟ࣉ࣮ࣝࢢ✲◊ࡌྠࡣぢฟࡓࢀࡉ㉸ఏ

ᑟయ࡛ࠊ⤖ᬗᵓ㐀ࡌྠࡶ A15 ᆺ࡟ศ㢮ࡿࢀࡉ඗ᘵ

Nb3Snࠋࡿ࠼ゝ࡜ ࡢ㧗☢ሙ≉ᛶࡢࡑࡧᮦ໬ཬ⥺ࡢ

ࡢ⪅Ⓨぢࠊࡣウ᳨ࡢึ᭱ Matthias ൉ྠ࡛ࡵ່ࡢ

ࡢ Kunzler ࡛≀㔠ᒓ㛫໬ྜࠋ[11]ࡓࢀࢃ⾜ࡾࡼ࡟ࡽ

ࡿ࠶ Nb3Sn ࡞ᐜ࡛᫆ࡣᮦ໬⥺ࠊࡃ⬤࡟ᶵᲔⓗࡣ

ࡣ࡜ࡇ࠸ Kunzler ࡑࠋࡿ࠸࡚࡭㏙ࡶ୰࡛ࡢㄽᩥࡶ

࡟⟶㔠ᒓࡿ࠶ࡢᘏᛶࠊ࡛ࡇ Nb3Sn ⢊ᮎࢆ඘ሸࡋ

࡚ఙ⥺ຍᕤࡿࡺࢃ࠸ࠊࡿࡍ PIT㸦Power-In-Tube㸧
ἲࡿࡼ࡟⥺ᮦ໬ࡀヨࠋࡓࢀࡽࡳPIT ἲࡃࡌྠࡣ⬤

࣒࢘ࢩࢿࢢ࣐໬࢘࣍஧ࡸ㓟໬≀㧗 ㉸ఏᑟయ࠸

ࠋࡿ࠸࡚ࢀࡽ࠸⏝ࡶᅾ⌧࡚ࡋ࡜ࢫࢭࣟࣉᮦ໬⥺ࡢ

1965㹼1970ࠊᚋࡢࡑ ᖺ㡭ࡣᅗ 6 ⣧࡞࠺ࡼࡍ♧࡟

⼥⁐࡟㠃⾲ࡢࣉ㸫ࢸୗᆅࡢࣈ࢜ࢽ Sn ࡟㐃⥆ⓗࢆ
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◊ࡢᑟධࣥࣆேᕤࡿࡍຍᕤྜ「࡛࣮ࣝࢣࢫࣀࢼ

✲㛤Ⓨࠋ[6 ,5]ࡓࢀࢃ⾜ࡀ 

3. A15 ᆺ໬ྜ≀⣔⥺ᮦ 

3.1. Nb3Sn ⥺ᮦ 

1953 ᖺࠊ⡿ᅜࢦ࢝ࢩ኱Ꮫࡢ Hardy ࡜ Hulm ࠊࡣ

࢖ࢣࠊ≀㓟໬ࠊ≀໬❅ࠊ≀໬࢘࣍໬ྜ≀㸦ࡢࠎ✀

໬≀࣒࢘ࢽ࣐ࣝࢤࠊ໬ྜ≀࡝࡞㸧ࡀ㉸ఏᑟయ࡛࠶

㉸࡞ࠎᵝࡓࢀࡉሗ࿌࡟ᙜ᫬ࠋ[7]ࡓࡋሗ࿌ࢆ࡜ࡇࡿ
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ࡢ Matthias ࡀࡽ Nb3Sn Tcࠊࡋぢฟࢆ ࡀ 18.05K
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⿕そࡿࡍᣑᩓࢸ㸫ࡢ࡝࡞࢖ࣟࢸࢫࣁࠊࡸ[12]ࣉ⪏⇕

ྜ㔠ࡢࣉ࣮ࢸ⾲㠃࡟Ẽ┦㑏ඖἲ࡛ Nb3Sn ᯒฟࢆ

ᡂ⭷ࣉ࣮ࢸࡿࡍᑟయ[13]ࡢ㛤Ⓨࡀ㐍15ࠊࢀࡽࡵT ⣭

㉸ఏᑟࡀࢺࢵࢿࢢ࣐㛤ⓎࠋࡓࢀࡉNb3Sn ᑟࣉ࣮ࢸ

యࠊࡣ⤖ᬗ㓄ྥไᚚࡣ୙せࠊࡢࡶ࡞⌧ᅾࡢḟୡ௦

㧗 ㉸ఏᑟ⥺ᮦ࡚ࡋ࡜ᮇᚅࡿ࠸࡚ࢀࡉᕼᅵ㢮⣔

 ࠋࡿ࠶ᵓ㐀࡛ࡢ㢮ఝ࡜࣮ࢱࢡࢲࣥࢥࢻࢵࢸ࣮ࢥ
ࡢࡇ Nb3Sn Nb3Snࠊࡣᑟయࣉ࣮ࢸ ࡿᚓࢆ┦༢ࡢ

࡟ࡵࡓ 1000Υ⛬ᗘࡢ㧗 ⇕ฎ⌮ࠊࢀࢃ⾜ࡀ

Kunzler ࡢࡽ PIT ⥺ᮦྠࡶᵝ࡛ࠋࡓࡗ࠶㧗 ⇕ฎ

ࡣ࡛⌮ Nb3Sn Ṇࣥࣆࡢ᮰☢ࠊࡃࡋⴭࡀ⢏ᡂ㛗ࡢ

ࡓࡢࡇࠋࡿ࡞ࡃ࡞ᑡࡀᬗ⢏⏺ᐦᗘ⤖࡞᭷ຠ࡟ࡵ

㟁ὶᐦᗘ⏺⮫ࡢࡾࡓ࠶≀໬ྜࡶᮦ⥺ࡢࡽࡕ࡝ࠊࡵ

㸦Jc㸧ࡣ㧗ࠊࡓࡲࠋ࠸࡞ࡃᴟ⣽ከⰺ⥺ᵓ㐀࡛࠸࡞ࡣ

ᤲࡢሙ☢ࡢࢺࢵࢿࢢ࣐ࠊࡃࡁ኱ࡀ஺ὶᦆኻ࡟ࡵࡓ

ᘬ㏿ᗘࡣ㠀ᖖࠋࡓࡗࡔࡾࡃࡗࡺ࡟ຍࣉ࣮ࢸ࡚࠼ᑟ

య࡛ࡣㄏ㉳ࡿࢀࡉ㐽ⶸ㟁ὶࡢᙳ㡪࡛ᐃ᱁☢ሙࡢ

Ⓨ⏕ࡶ࡟ၥ㢟ࡢࡇࠋࡓࡗ࠶ࡀⅬࡣ⌧ᅾࢵࢸ࣮ࢥࡢ

ࢨ࣮ࣞࠊࡾ࠾࡚ࡗ࡞࡜㔜せㄢ㢟ࡢ࣮ࢱࢡࢲࣥࢥࢻ

࣮࡛ᖜ⣽ࡃษࡾ㎸ࢆࡳධࢢࣥࣅ࢖ࣛࢡࢫࡿࢀຍ

ᕤ➼᳨ࡢウࡀ㐍ࠋ[14]ࡿ࠸࡚ࢀࡽࡵNb3Sn ࡚࠸࠾࡟

࡟ኚ໬⏺☢࠸㏿࡚ࢀࡉ⾲Ⓨࡀἲࢬࣥࣟࣈ࡟ᚋࠊࡣ

ᑐࡶ࡚ࡋᏳᐃ࡞ᴟ⣽ከⰺᵓ㐀ࡢ⥺ᮦ〇㐀ྍࡀ⬟

Nb3Snࠊࡾ࡞࡜  ࠋࡓࡌ㛢ࢆᖥࡣ㛤Ⓨࡢᑟయࣉ࣮ࢸ
㉸ఏᑟ⥺ᮦ㛤Ⓨࡿࡅ࠾࡟ᅜࡀᡃࠊࡣἲࢬࣥࣟࣈ

ࡿࡼ࡟ࡽኴยᕝᜤ἞ࡿ࠶࡛ࡅඛ㥑ࡢ 1960 ᖺ௦ᚋ

ࡢ༙ V3Ga ࠊࡣࡽኴยᕝࠋࡿ࡞࡜ὶ※ࡀ[15]✲◊ࡢ

V ࡟㠃⾲ࡢࣉ࣮ࢸ Ga ᣑᩓࡢ㛫ࡢ⪅୧࡚ࡋそ⿕ࢆ

཯ᛂࠋࡓ࠸࡚ࡋ✲◊ࢆV3Ga ࡶ Nb3Sn ࡃࡌྠ࡜

A15 ᆺ໬ྜ≀࡟ศ㢮ࡢࡑࠊࢀࡉ༢┦ࢆᚓࡣ࡟ࡿ㧗

 ⇕ฎ⌮ࡀᚲせ࡛ࠊࡀࢁࡇ࡜ࠋࡿ࠶⿕そࡓࡋ Ga
࡟㠃⾲ࡢ Cu 650ࠊ࡜ࡿࡍ⌮ฎ⇕ࡽ࠿࡚ࡋ࢟ࢵ࣓ࢆ
㹼750Υ⛬ᗘࡢẚ㍑ⓗప ⇕ฎ⌮࡛ V3Ga ᣑᩓᒙ

ࡉぢฟࡾࡼ࡟ࡽኴยᕝࡀ࡜ࡇࡿࢀࡉᡂ⏕ࡃཌࡀ

ࡢࡇࠋ[14]ࡓࢀ Cu ࡣ㐍ಁࡢᣑᩓ཯ᛂࡿࡼ࡟ Nb3Sn
ᒎᘏࠊᚋࡢࡑࠋࡓࢀࡉㄆ☜ࡀຠᯝࡢࡑ࡟ᵝྠࡶ࡛

ᛶࢬࣥࣟࣈࡿ࠶ࡢ㸦Cu-Sn㸧ྜ㔠࡜ Nb ຍྜ「ࢆ

ᕤࡢࡑ࡚ࡋ⏺㠃࡟ Nb3Sn ࡟ᡭἲࡿࡏࡉᡂ⏕ࢆ┦

ኚ㑄ࠊࡽ࠿࡜ࡇࡓࡗ࠸࡚ࡋᚋࢬࣥࣟࣈࠕ࡟ἲࠖ࡜

࿧ࠋࡓࡗ࡞࡟࠺ࡼࡿࢀࡤᅗ 7 ࢖ࡢ⌮཯ᛂཎࡢࡑࡣ

ࡢᅜ❧◊✲ᡤࣥࣈ࣊ࢡࢵࣝࣈ⡿ᅜࠋࡿ࠶࡛ࢺࢫࣛ

ᮎỌṇᶞࢬࣥࣟࣈࠊࡀࡽẕᮦ࡟㸵ᮏࡢ Nb ⰺࢆᤄ

ධࡓࡋከⰺᵓ㐀ࡢ Nb3Sn ⥺ᮦࢆඛ㥑࡚ࡅሗ࿌ࡋ

ࡣࡢࡓ 1972 ᖺࡢࡇࠋ[16]ࡿ࠶࡛࡜ࡇࡢ」ྜຍᕤἲ

ᴟ⣽࠸⣽ࡀⰺᚄࡘୟࡃከࡀⰺᩘ࡟ࡽࡉࠊ࡚࠸⏝ࢆ

ከⰺ⥺ᮦࡢ㛤Ⓨࡀୡ⏺ⓗ࡚ࢀࡲ⤌ࡾྲྀ࡟ Nb3Sn
⥺ᮦࡢᐇ⏝໬୍ࡀẼ࡟㐍ࠋࡔࢇ෭㛫࡛ᘏᛶࡿ࠶ࡢ

ࡢ㠃ᚰ❧᪉ᬗ㸦fcc㸧ࡣ㔠ྜࢬࣥࣟࣈ ǂ Cuࠊ࡛┦
୰࡟ᅛ⁐ࡿࢀࡉ Sn ⃰ᗘࡀቑࡤࢀ࠼ Nb ᣑᩓ཯࡜

ᛂᚋ࡟⏕ᡂࡿࢀࡉ Nb3Sn ࡀ㟁ὶ⏺⮫࡚ࡋቑຍࡀ

ࡢ୰ࢬࣥࣟࣈཎᩱࠊࡵࡓࡢࡇࠋࡿࡍୖྥ Sn ⃰ᗘ

ࠊ%15.0massࠊ%14.0massࠊࢀࡉウ᳨ࡀቑຍࡢ

16.0mass%ࢬࣥࣟࣈ࡜ཎᩱࡢ Sn ⃰ᗘࡀ㧗ࡽࡵ

ࡓࡗ౑ࢆࡽࢀࡑࠊࢀ Nb3Sn ⥺ᮦࡀ㛤Ⓨࡁ࡚ࢀࡉ

NIMSࠋࡓ 㧗☢ሙࡿࡅ࠾࡟ NMR 㛤Ⓨ࡛ࡢࡑࠊࡣ

᭱ෆᤄ࡟ࣝ࢖ࢥ 16mass%ࡢ㧗 Sn ⃰ᗘࢬࣥࣟࣈ

ࡓࡋ࡜ẕᮦࢆ Nb3Sn ከⰺ⥺ᮦࡀ౑⏝ࡓࢀࡉ㸦ᅗ

8㸧[17]࡟ࡽࡉࠋ௖ᅜ࡛ࣗࢩࢵࣛࢲ࢝ࡢᘓタ୰ࡢᅜ

㝿⇕᰾⼥ྜᐇ㦂⅔㸦ITER㸧ࡸ 2020 ᖺ࡟⿦⨨⤌❧

ࡢ㔞Ꮚ⛉Ꮫᢏ⾡◊✲㛤Ⓨᶵᵓ㸦QST㸧ࡓࡋ᏶஢ࡀ

 
ᅗ 8. 㧗 Sn ⃰ᗘ㸦16mass%㸧ࢆࢬࣥࣟࣈẕᮦ

ࡓࡋ࡜ Nb3Sn ᴟ⣽ከⰺ⥺㸦ᖹゅ⥺㸧ࠋእ࿘

㒊ࡣᏳᐃ໬ࡢࡵࡓࡢ↓㓟⣲㖡ࠋNb ⰺࡣ

35,910 ᮏࠋ୰ኸ㒊ࡣ⿵ᙉࡢࡵࡓࡢ Ta[17]ࠋ 

 
ᅗ 7. Nb3Sn ࡟ᣑᩓ⏕ᡂࡿࡅ࠾࡟⌮ప ⇕ฎࡢ

ᑐࡿࡍ㖡ࡢຠᯝࠋ 

JT-60SA ࡞ᵝྠࡶ࡛ 16mass%ࡢ Sn ⃰ᗘࣟࣈࡢ

ἲࢬࣥ Nb3Sn ከⰺ⥺ᮦࡀ኱㔞࡟౪ࡇࠋ[18]ࡓࢀࡉ

ἲࢬࣥࣟࣈࠊ࡟࠺ࡼࡢ Nb3Sn ከⰺ⥺ᮦࡣ NbTi ྜ
㔠⥺ᮦ࡛࠸࡞࠼⿵ࡣ㧗☢ሙ⏝ࡢ㉸ఏᑟ⥺ᮦࡋ࡜

࡚኱࡞ࡁᡂຌࢆ཰ྜࢬࣥࣟࣈࠊࡋࡔࡓࠋࡓࡵ㔠୰

ࡢ Sn ⃰ᗘࡀ 16mass%㸦ṇ☜ࡣ࡟ 15.8mass%㸧

࡞ᙅ⬤࡟ᶵᲔⓗࠊ࡜ࡿ࠼㉸ࢆ ǅ┦㸦Cu41Sn11㸧ࡀ

ᯒฟ࡚ࡋఙ⥺ຍᕤࡰ࡯ࡀ୙ྍ⬟ࠋ[19]ࡿ࡞࡜ᚑࡗ

ἲࢬࣥࣟࣈࠊ࡚ Nb3Sn ⥺ᮦࡢ᭦ࡿ࡞≉ᛶྥୖࡣ

ᮃࠊࢀࡽ࠼⪄࡜࠸࡞ࡵ㝈⏺ࡢ࡜ㄆ㆑ࡀᗈࡘࡘࡾࡲ

኱ࡿ࠶࡛࣮࣮࣓࢝ࡢࢬࣥࣟࣈཎᩱࡋ࠿ࡋࠋࡓࡗ࠶

㜰ྜ㔠ᕤᴗᡤ࡛16ࠊࡣmass%ୖ࡟࠿ࡿࡣࢆᅇࡿ㉸

㧗 Sn ⃰ᗘྜࢬࣥࣟࣈ㔠ࡢ㛤Ⓨࡀᆅ㐨࡟㐍ࡽࡵ

㉸㧗ࡢࡶ%18.5massࠊ㏆᭱ࠋࢀ Sn ⃰ᗘࢬࣥࣟࣈ

࡜ࡇࡓࡋᡂຌ࡟ヨసࡢ⥺ᴟ⣽ከⰺࡓࡋ࡜ẕᮦࢆ

ᅗࠋ[20]ࡓࡋሗ࿌ࢆ 9 ࠶࡛┿㠃෗᩿ࡢ⥺ከⰺࡢࡑࡣ

Nbࠋࡿ ⰺࡢ࿘ᅖࢬࣥࣟࣈࡿ࠶࡟ẕᮦࡢᩘ↓࡟ᚤ

⣽࡞ᯒฟ≀ࡀศᩓࡢࡇࠋࡿ࠸࡚ࡋᚤ⣽࡞ᯒฟ≀ࡣ

Sn ࡔࢇྵࡃከࢆ CuSnTi ໬ྜ≀࡛ࢆࢀࡇࠊ㏣ຍ

ࡢ Sn ౪⤥ඖ࡟฼⏝ࡓࡋ⤌⧊ไᚚ࠸࡚ࢀࢃ⾜ࡀ

࡛ࡲࡇ࡝࡟ࡽࡉࠊ௒ᚋࠋࡿ Sn ⃰ᗘࡢቑຍࡁ࡛ࡀ

࡚≉ᛶྥୖࡀᅗ࠿ࡿࢀࡽᮇᚅࡀ㧗ࠊࡓࡲࠋࡿࡲᑗ

᮶ࡢ᰾⼥ྜᐇド⅔ࡢ࡬ᛂ⏝ࢆ┠ᣦࢬࣥࣟࣈࠊ࡚ࡋ

ẕᮦ࡟ Zn ࡸ In ࡟ฎ⌮ᚋ⇕ࠊ࡚ࡏࡉ᭷ྵ࡟ከ㔞ࢆ

ពᅗⓗࡢࡽࢀࡑ࡟ඖ⣲ࢆẕᮦ࡟ṧ␃࡚ࡏࡉ⥺ᮦ

ࡳ⤌ࡾྲྀ࡞ࢡ࣮ࢽࣘ࠺࠸࡜࠺ࢁᅗࢆ㧗ᙉᗘ໬ࡢ

㧗☢ሙ໬ࡢࢺࢵࢿࢢ࣐㉸ఏᑟࠋ[21]ࡿ࠸࡚ࢀࢃ⾜ࡶ

㟁☢ຊࡿ࠿࠿࡟㉸ఏᑟ⥺ᮦࠊ࡟ࡶ࡜࡜኱ᆺ໬ࡸ

㸦ࣉ࣮ࣇຊ㸧ࡣ኱ࡵࡓࡿ࡞ࡃࡁ㧗ᙉᗘ໬ࡣ㔜せ࡞

ㄢ㢟࡛ࠊ࡛ࡲࢀࡇࠋࡿ࠶⥺ᮦෆ㒊࡟㧗ᙉᗘ Ta ࢆ

㓄⨨ࠊࡾࡓࡋᏳᐃ໬ࡢࡵࡓࡢ↓㓟⣲㖡ࢆCu-Nbྜ

㔠ࢼ࣑ࣝ࢔ࡸศᩓ㖡ࡁ⨨࡟᥮ࡢ࡝࡞ࡾࡓ࠼ᡭἲ

࡟ࡾࢃ௦ࡢቑຍࡢᙉᗘࠊࡀࡓࡁ࡚ࢀࡽ࡜ࡀ Jc ࡸ

Ᏻᐃᛶ୍ࡀ㒊ࠋࡓࡁ࡚ࡗ࡞࡜ࣇ࢜ࢻ࣮ࣞࢺ⥺ᮦࡢ

㧗ᙉᗘ໬࡜㉸ఏᑟ≉ᛶࡢ୧❧ࢆ┠ᶆࡾ࠾࡚ࡋ࡜

௒ᚋࡢᒎ㛤ࢆぢᏲࠋ࠸ࡓࡾ  
୍᪉ྜࢬࣥࣟࣈࠊ㔠ࢆ⥺ᮦࡢฟⓎཎᩱࠊࡎࡏ࡜

Cu ࡜ Sn ࡜ Nb ࡢ 3 ✀㢮ࡢ㔠ᒓ࡟ศࡽࢀࡑ࡚ࡅ

ෆ㒊ࢆ〇ἲࡿࡍຍᕤྜ「ࢆ Sn ᣑᩓἲ࡜࿧࠸࡛ࢇ

ࡿࡅ࠾࡟ᮦ඲య⥺࡟ẚ㍑ⓗᐜ᫆ࠋࡿ Sn ⃰ᗘࢆ㧗

㉸ఏ࡚ࡋẚ㍑࡜ἲࢬࣥࣟࣈࠊࡀࡿࡁ࡛ࡀ࡜ࡇࡿࡵ

ᑟࢺ࣓ࣥࣛ࢕ࣇᚄࢆᑠࡸ࡜ࡇ࠸ࡃ࡟ࡋࡃࡉ⥺ᮦ

⼥పࠋࡿ࠶ࡀᣦ᦬ࡿຎࡸࡸࡀᆒ୍ᛶࡢ㛗ᡭ᪉ྥࡢ

Ⅼࡢ⣧ Sn ࡞␗࡜ἲࢬࣥࣟࣈࠊ࡟ࡵࡓࡿࢀࡲྵࡀ

ࠊࡣࢀࡇࠋࡿ࠶ࡀᚩ≉࠺࠸࡜୙せࡀ୰㛫↝㕌࡚ࡗ

⥺ᮦ〇㐀ࡢᕤᮇ▷⦰ࡣ࡟኱࡞ࡁ฼Ⅼ୍࡛ࠊࡀࡿ࠶

᪉࡛኱ᆺࡿࡼ࡟ࢺࢵࣞࣅ⇕㛫ᢲฟࡢ㐺⏝ࡀ㞴ࡋ

ฟⓎ᫬ࠋࡿ࠶ࡀᛶ⬟ྍࡿ࡞࡜୙฼ࡢୖ⏘㔞ࡣⅬ࠸

ࡣ Cu ࡜ Sn ࡛ศࠊࡢࡢࡶࡿ࠸࡚ࢀ࠿⇕ฎ⌮ึᮇ

ࡣࡎࡲ࡟ Cu ࡜ Sn ࡉᙧᡂࡀࢬࣥࣟࣈ࡚ࡋ཯ᛂࡀ

࡟ᚋࡢࡑࠊࢀ Nb ࡚ࡋ཯ᛂ࡜ Nb3Sn ࡿࢀࡉᡂ⏕ࡀ

ෆ㒊ࡶἲࢬࣥࣟࣈࡣ཯ᛂ⤒㊰ࠊࡵࡓ Sn ᣑᩓἲࡶ

ෆ㒊ࠊࡋణࠋࡿࢀࡽ࠼⪄࡜ࡌྠ Sn ᣑᩓἲ࡛ࡣ Sn
ࡢ໬Ꮫ㔞ㄽ⤌ᡂẚ࡞ᆒ㉁࡟ࡵࡓ࠸ከ࡟኱ᖜࡀ

Nb3Sn ⤖ᬗࠊࡸᚤ⣽࡞➼㍈ᬗࡢ⤖ᬗ⢏ࡀᚓࡸࢀࡽ

࡞ࡁ኱࡟᱁ẁࡾࡼἲࢬࣥࣟࣈ㧗☢ሙୗ࡛ࠊࡃࡍ Jc
⣧ࠊࡓࡲࠋ࠸ࡍࡸࢀࡽᚓࡀ Nb ࡟ෆഃࡢ⟶ Sn ࣋

࡚ࢀࡉᥦ᱌ࡶ〇ἲࡿࡍ඘ሸࢆ໬ྜ≀⢊ᮎࡢࢫ࣮

ࠊCu5Sn4ࠊTa6Sn5ࠊNbSn2ࠊࡣ࡟඘ሸ⢊ᮎࠋࡿ࠸

Ti2Sn3 ࠋ[25]-[22]ࡿ࠶ࡀሗ࿌࡞ࠎᵝࡿࡍ⏝౑ࢆ࡝࡞

⢊ᮎࢆ౑⏝୍ࡵࡓࡿࡍ⯡ⓗ࡟ PIT ἲ࡜࿧ࡿࢀࡤ

ࡢඛࠊࡀ Kunzler ࡢࡽ PIT ⥺ᮦ࡚ࡗ࡞␗࡜ Nb ⟶

࠸ཌ࡟ᣑᩓ཯ᛂ࡛⏺㠃ࡢ⢊ᮎ࡜ Nb3Sn ᒙࢆ⏕ᡂ

ෆ㒊ࡣࡃࡁ኱ࠊࡵࡓࡿࡏࡉ Sn ᣑᩓἲ࡟㢮ఝࠋࡿࡍ

Nbࠊࡶ〇ἲ࡛ࡢࡇ ࡟㛫ࡢ⢊ᮎ࡜⟶ Cu ᤄධࢆ⟶

ࡢᑡ㔞࡟⢊ᮎෆ㒊ࠊࡾࡓࡋ Cu ⢊ᮎࢆΰ࡞ࡾࡓࡐ

Cuࠊ࡝  ࠋࡿ࠸࡚ࢀࡉ⏝฼ࡀຠᯝࡢ
ෆ㒊 Sn ᣑᩓἲࡿࡍྜ「ࠊࡣཎᩱࡢᙧ≧ࡸศ㔞ࠊ

㓄⨨ࡢ㐪࡚ࡗࡼ࡟࠸⣽ศ㢮ࠊࢀࡉNb ࡟ෆഃࡢ⟶

 
ᅗ 9. ୡ⏺᭱㧗 Sn ⃰ᗘ㸦18.5mass%㸧ࣥࣟࣈࡢ

ࡓࡋ࡜ẕᮦࢆ㔠ྜࢬ Nb3Sn ᴟ⣽ከⰺ⥺᩿ࡢ㠃

෗┿ࠋୗᅗࢺ࣓ࣥࣛ࢕ࣇࡣ㒊ࡢᣑ኱෗┿ࣈࠋ

ࡢᩘ↓࡟ẕᮦࢬࣥࣟ Sn ᇶᯒฟ⢏Ꮚࡀศᩓࠋ 

㸲㸫 4



JT-60SA ࡞ᵝྠࡶ࡛ 16mass%ࡢ Sn ⃰ᗘࣟࣈࡢ

ἲࢬࣥ Nb3Sn ከⰺ⥺ᮦࡀ኱㔞࡟౪ࡇࠋ[18]ࡓࢀࡉ

ἲࢬࣥࣟࣈࠊ࡟࠺ࡼࡢ Nb3Sn ከⰺ⥺ᮦࡣ NbTi ྜ
㔠⥺ᮦ࡛࠸࡞࠼⿵ࡣ㧗☢ሙ⏝ࡢ㉸ఏᑟ⥺ᮦࡋ࡜

࡚኱࡞ࡁᡂຌࢆ཰ྜࢬࣥࣟࣈࠊࡋࡔࡓࠋࡓࡵ㔠୰

ࡢ Sn ⃰ᗘࡀ 16mass%㸦ṇ☜ࡣ࡟ 15.8mass%㸧

࡞ᙅ⬤࡟ᶵᲔⓗࠊ࡜ࡿ࠼㉸ࢆ ǅ┦㸦Cu41Sn11㸧ࡀ

ᯒฟ࡚ࡋఙ⥺ຍᕤࡰ࡯ࡀ୙ྍ⬟ࠋ[19]ࡿ࡞࡜ᚑࡗ

ἲࢬࣥࣟࣈࠊ࡚ Nb3Sn ⥺ᮦࡢ᭦ࡿ࡞≉ᛶྥୖࡣ

ᮃࠊࢀࡽ࠼⪄࡜࠸࡞ࡵ㝈⏺ࡢ࡜ㄆ㆑ࡀᗈࡘࡘࡾࡲ

኱ࡿ࠶࡛࣮࣮࣓࢝ࡢࢬࣥࣟࣈཎᩱࡋ࠿ࡋࠋࡓࡗ࠶

㜰ྜ㔠ᕤᴗᡤ࡛16ࠊࡣmass%ୖ࡟࠿ࡿࡣࢆᅇࡿ㉸

㧗 Sn ⃰ᗘྜࢬࣥࣟࣈ㔠ࡢ㛤Ⓨࡀᆅ㐨࡟㐍ࡽࡵ

㉸㧗ࡢࡶ%18.5massࠊ㏆᭱ࠋࢀ Sn ⃰ᗘࢬࣥࣟࣈ

࡜ࡇࡓࡋᡂຌ࡟ヨసࡢ⥺ᴟ⣽ከⰺࡓࡋ࡜ẕᮦࢆ

ᅗࠋ[20]ࡓࡋሗ࿌ࢆ 9 ࠶࡛┿㠃෗᩿ࡢ⥺ከⰺࡢࡑࡣ

Nbࠋࡿ ⰺࡢ࿘ᅖࢬࣥࣟࣈࡿ࠶࡟ẕᮦࡢᩘ↓࡟ᚤ

⣽࡞ᯒฟ≀ࡀศᩓࡢࡇࠋࡿ࠸࡚ࡋᚤ⣽࡞ᯒฟ≀ࡣ

Sn ࡔࢇྵࡃከࢆ CuSnTi ໬ྜ≀࡛ࢆࢀࡇࠊ㏣ຍ

ࡢ Sn ౪⤥ඖ࡟฼⏝ࡓࡋ⤌⧊ไᚚ࠸࡚ࢀࢃ⾜ࡀ

࡛ࡲࡇ࡝࡟ࡽࡉࠊ௒ᚋࠋࡿ Sn ⃰ᗘࡢቑຍࡁ࡛ࡀ

࡚≉ᛶྥୖࡀᅗ࠿ࡿࢀࡽᮇᚅࡀ㧗ࠊࡓࡲࠋࡿࡲᑗ

᮶ࡢ᰾⼥ྜᐇド⅔ࡢ࡬ᛂ⏝ࢆ┠ᣦࢬࣥࣟࣈࠊ࡚ࡋ

ẕᮦ࡟ Zn ࡸ In ࡟ฎ⌮ᚋ⇕ࠊ࡚ࡏࡉ᭷ྵ࡟ከ㔞ࢆ

ពᅗⓗࡢࡽࢀࡑ࡟ඖ⣲ࢆẕᮦ࡟ṧ␃࡚ࡏࡉ⥺ᮦ

ࡳ⤌ࡾྲྀ࡞ࢡ࣮ࢽࣘ࠺࠸࡜࠺ࢁᅗࢆ㧗ᙉᗘ໬ࡢ

㧗☢ሙ໬ࡢࢺࢵࢿࢢ࣐㉸ఏᑟࠋ[21]ࡿ࠸࡚ࢀࢃ⾜ࡶ

㟁☢ຊࡿ࠿࠿࡟㉸ఏᑟ⥺ᮦࠊ࡟ࡶ࡜࡜኱ᆺ໬ࡸ

㸦ࣉ࣮ࣇຊ㸧ࡣ኱ࡵࡓࡿ࡞ࡃࡁ㧗ᙉᗘ໬ࡣ㔜せ࡞

ㄢ㢟࡛ࠊ࡛ࡲࢀࡇࠋࡿ࠶⥺ᮦෆ㒊࡟㧗ᙉᗘ Ta ࢆ

㓄⨨ࠊࡾࡓࡋᏳᐃ໬ࡢࡵࡓࡢ↓㓟⣲㖡ࢆCu-Nbྜ

㔠ࢼ࣑ࣝ࢔ࡸศᩓ㖡ࡁ⨨࡟᥮ࡢ࡝࡞ࡾࡓ࠼ᡭἲ

࡟ࡾࢃ௦ࡢቑຍࡢᙉᗘࠊࡀࡓࡁ࡚ࢀࡽ࡜ࡀ Jc ࡸ

Ᏻᐃᛶ୍ࡀ㒊ࠋࡓࡁ࡚ࡗ࡞࡜ࣇ࢜ࢻ࣮ࣞࢺ⥺ᮦࡢ

㧗ᙉᗘ໬࡜㉸ఏᑟ≉ᛶࡢ୧❧ࢆ┠ᶆࡾ࠾࡚ࡋ࡜

௒ᚋࡢᒎ㛤ࢆぢᏲࠋ࠸ࡓࡾ  
୍᪉ྜࢬࣥࣟࣈࠊ㔠ࢆ⥺ᮦࡢฟⓎཎᩱࠊࡎࡏ࡜

Cu ࡜ Sn ࡜ Nb ࡢ 3 ✀㢮ࡢ㔠ᒓ࡟ศࡽࢀࡑ࡚ࡅ

ෆ㒊ࢆ〇ἲࡿࡍຍᕤྜ「ࢆ Sn ᣑᩓἲ࡜࿧࠸࡛ࢇ

ࡿࡅ࠾࡟ᮦ඲య⥺࡟ẚ㍑ⓗᐜ᫆ࠋࡿ Sn ⃰ᗘࢆ㧗

㉸ఏ࡚ࡋẚ㍑࡜ἲࢬࣥࣟࣈࠊࡀࡿࡁ࡛ࡀ࡜ࡇࡿࡵ

ᑟࢺ࣓ࣥࣛ࢕ࣇᚄࢆᑠࡸ࡜ࡇ࠸ࡃ࡟ࡋࡃࡉ⥺ᮦ

⼥పࠋࡿ࠶ࡀᣦ᦬ࡿຎࡸࡸࡀᆒ୍ᛶࡢ㛗ᡭ᪉ྥࡢ

Ⅼࡢ⣧ Sn ࡞␗࡜ἲࢬࣥࣟࣈࠊ࡟ࡵࡓࡿࢀࡲྵࡀ

ࠊࡣࢀࡇࠋࡿ࠶ࡀᚩ≉࠺࠸࡜୙せࡀ୰㛫↝㕌࡚ࡗ

⥺ᮦ〇㐀ࡢᕤᮇ▷⦰ࡣ࡟኱࡞ࡁ฼Ⅼ୍࡛ࠊࡀࡿ࠶

᪉࡛኱ᆺࡿࡼ࡟ࢺࢵࣞࣅ⇕㛫ᢲฟࡢ㐺⏝ࡀ㞴ࡋ

ฟⓎ᫬ࠋࡿ࠶ࡀᛶ⬟ྍࡿ࡞࡜୙฼ࡢୖ⏘㔞ࡣⅬ࠸

ࡣ Cu ࡜ Sn ࡛ศࠊࡢࡢࡶࡿ࠸࡚ࢀ࠿⇕ฎ⌮ึᮇ

ࡣࡎࡲ࡟ Cu ࡜ Sn ࡉᙧᡂࡀࢬࣥࣟࣈ࡚ࡋ཯ᛂࡀ

࡟ᚋࡢࡑࠊࢀ Nb ࡚ࡋ཯ᛂ࡜ Nb3Sn ࡿࢀࡉᡂ⏕ࡀ

ෆ㒊ࡶἲࢬࣥࣟࣈࡣ཯ᛂ⤒㊰ࠊࡵࡓ Sn ᣑᩓἲࡶ

ෆ㒊ࠊࡋణࠋࡿࢀࡽ࠼⪄࡜ࡌྠ Sn ᣑᩓἲ࡛ࡣ Sn
ࡢ໬Ꮫ㔞ㄽ⤌ᡂẚ࡞ᆒ㉁࡟ࡵࡓ࠸ከ࡟኱ᖜࡀ

Nb3Sn ⤖ᬗࠊࡸᚤ⣽࡞➼㍈ᬗࡢ⤖ᬗ⢏ࡀᚓࡸࢀࡽ

࡞ࡁ኱࡟᱁ẁࡾࡼἲࢬࣥࣟࣈ㧗☢ሙୗ࡛ࠊࡃࡍ Jc
⣧ࠊࡓࡲࠋ࠸ࡍࡸࢀࡽᚓࡀ Nb ࡟ෆഃࡢ⟶ Sn ࣋

࡚ࢀࡉᥦ᱌ࡶ〇ἲࡿࡍ඘ሸࢆ໬ྜ≀⢊ᮎࡢࢫ࣮

ࠊCu5Sn4ࠊTa6Sn5ࠊNbSn2ࠊࡣ࡟඘ሸ⢊ᮎࠋࡿ࠸

Ti2Sn3 ࠋ[25]-[22]ࡿ࠶ࡀሗ࿌࡞ࠎᵝࡿࡍ⏝౑ࢆ࡝࡞

⢊ᮎࢆ౑⏝୍ࡵࡓࡿࡍ⯡ⓗ࡟ PIT ἲ࡜࿧ࡿࢀࡤ

ࡢඛࠊࡀ Kunzler ࡢࡽ PIT ⥺ᮦ࡚ࡗ࡞␗࡜ Nb ⟶

࠸ཌ࡟ᣑᩓ཯ᛂ࡛⏺㠃ࡢ⢊ᮎ࡜ Nb3Sn ᒙࢆ⏕ᡂ

ෆ㒊ࡣࡃࡁ኱ࠊࡵࡓࡿࡏࡉ Sn ᣑᩓἲ࡟㢮ఝࠋࡿࡍ

Nbࠊࡶ〇ἲ࡛ࡢࡇ ࡟㛫ࡢ⢊ᮎ࡜⟶ Cu ᤄධࢆ⟶

ࡢᑡ㔞࡟⢊ᮎෆ㒊ࠊࡾࡓࡋ Cu ⢊ᮎࢆΰ࡞ࡾࡓࡐ

Cuࠊ࡝  ࠋࡿ࠸࡚ࢀࡉ⏝฼ࡀຠᯝࡢ
ෆ㒊 Sn ᣑᩓἲࡿࡍྜ「ࠊࡣཎᩱࡢᙧ≧ࡸศ㔞ࠊ

㓄⨨ࡢ㐪࡚ࡗࡼ࡟࠸⣽ศ㢮ࠊࢀࡉNb ࡟ෆഃࡢ⟶

 
ᅗ 9. ୡ⏺᭱㧗 Sn ⃰ᗘ㸦18.5mass%㸧ࣥࣟࣈࡢ

ࡓࡋ࡜ẕᮦࢆ㔠ྜࢬ Nb3Sn ᴟ⣽ከⰺ⥺᩿ࡢ㠃

෗┿ࠋୗᅗࢺ࣓ࣥࣛ࢕ࣇࡣ㒊ࡢᣑ኱෗┿ࣈࠋ

ࡢᩘ↓࡟ẕᮦࢬࣥࣟ Sn ᇶᯒฟ⢏Ꮚࡀศᩓࠋ 
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ࡢ⫗ⷧ Cu ࡛そࡓࢀࢃ⣧ Sn Წࡣ࠸ࡿ࠶ᑡ㔞ࡢ Ti
ࡓࢀࡉῧຍࡀ Sn Წࢆᤄධࣈ࣮ࣗࢳ࡜ࡿࡍἲ࡜࿧

ࠊ࡚ࢀࡉ᫛࿴㟁⥺࡛㛤Ⓨࡣᅜ࡛ࡀᡃࠋࡿ࠸࡚ࢀࡤ

NIMSࡀಖ᭷ࡢࢺࢵࢿࢢ࣐ࢻࢵࣜࣈ࢖ࣁࡿࡍ኱ཱྀ

ᚄ㉸ఏᑟࢺࢵࢿࢢ࣐㸦16T㸧ࡶ࡟ᛂ⏝ࡑࠋࡓࢀࡉ

ࡣ♫ྠ࡟ᚋࡢ Nb3Sn ⥺ᮦࡢ〇㐀ࡽ࠿᧔㏥ࠊࡋ⌧

ᅾࡣᑠつᶍ࡛ࡀࡿ࠶ࡣ⡿ᅜ HyperTech Research
㧗ࢺࢫࢥప࡛࡝࡞♫ Jc ⥺ᮦࡢೃ⿵࡚ࡋ࡜◊✲㛤

Ⓨࠊࢀࡉ⥆⥅ࡀᅗ 10 ࢺ࣓ࣥࣛ࢕ࣇ࡞࠺ࡼࡍ♧࡟

ᚄࡀẚ㍑ⓗ⣽࠸ከⰺ⥺ᮦࡶヨసࡲࠋ[26]ࡿ࠸࡚ࡉ

Cu ࠊࡓ ẕᮦࡢᩘ「࡟ Nb ⰺࡀᇙࡵ㎸ࡓࢀࡲභゅ

ᙧࣔࡃࡌྠࠊࢆ࣮ࣝࣗࢪභゅᙧࡢ Cu ⿕そ Sn ࣔ

〇ἲࡿࡆୖࡳ⤌࣭⨨㓄࡟࠺ࡼࡴᅖࡾྲྀࢆ࣮ࣝࣗࢪ

ࢆ DT㸦Distributed Tin㸧ἲ࡜࿧୕ࠊࡧ⳻㟁ᶵࡸ

ᪧ᪥❧㟁⥺ࠊ⚄ᡞ〇㗰㸦ཬࣉ࣮ࣝࢢࡢࡑࡧ఍♫ࡢ

JASTEC㸧࡛࡝࡞◊✲㛤Ⓨࡀ㐍ࠋࡓࢀࡽࡵ⌧ᅾࡣ

⚄ᡞ〇㗰࡛ࣉ࣮ࣝࢢᘬࡁ⥆ࡁ㛤Ⓨࡀ㐍࡚ࢀࡽࡵ

࠸ⷧࠊࡓࡲࠋ[27]ࡿ࠸ Cu ࡛⿕そࡓࡋ Nb Წࡃࡓࢆ

⣧࡟୰ኸࡢࡑࠊࡡ᮰ࢇࡉ Sn Წࢆ㓄⨨࡚ࡋእ࿘ࢆ

Nb ࢆࢀࡇࠊࡋసᡂࢆ࣮ࣝࣗࢪࣔࡓࡗそ࡛࢔ࣜࣂ

」ᩘᮏ᮰ࡿࡡ〇ἲࢆ RRP㸦Restack-Rod Process㸧
ἲ࡜࿧ࠊࡧ⡿ᅜ OST ♫㸦⌧ Bruker-OST ♫㸧࠿

ᅗࠋ[28]ࡓࢀࡉᥦ᱌ࡽ 11 Nbࠊ࡟࠺ࡼࡍ♧࡟ ࢔ࣜࣂ

࡛そࡀ࣮ࣝࣗࢪࣔࡓࢀࢃ ࣓ࣥࣛ࢕ࣇ㉸ఏᑟࡢࡘ1

ࡢࢇࡉࡃࡓ࡞ࡉᑠࠊࡾ࡞࡟ࢺ Nb ⰺࡣ⇕ฎ⌮࡛

Nb3Sn ࣛ࢕ࣇ㉸ఏᑟࠋࡿࡀ࡞ࡘࡀ࡚࡭ࡍ࡚ࡗ࡞࡜

ࡀᚄࢺ࣓ࣥ 50-100 ࠋ4ࠊࡀࡿ࡞ࡃࡁ኱࡜ࣥࣟࢡ࣑
2K15-16ࠊT ࡛ᴟ࡚ࡵ㧗࠸ Jc㸦㠀㖡㒊㸧ࡀᚓࢀࡽ

ಖࡀḢᕞཎᏊ᰾◊✲ᶵᵓ㸦CERN㸧ࠊࡽ࠿࡜ࡇࡿ

᭷ࡿࡍ LHC ຍ㏿ჾࡢࡵࡓࡢࢻ࣮ࣞࢢࣉࢵ࢔ࡢ㧗

☢ሙࢺࢵࢿࢢ࣐⏝ᑟయ࡚ࡋ࡜㐺⏝࡟ࡽࡉࠋࡓࢀࡉ

CERN ࡟ᖺ๓ᩘࠊࡣࡽ࠿ LHC ຍ㏿ჾࡢḟୡ௦ᵓ

᝿࡚ࡋ࡜࿘㛗 100km ㉸ᕧ኱෇ᙧຍ㏿ჾ㸦FCC㸧ࡢ

FCCࠋ[29]ࡓࢀࡉ⾲Ⓨࡀ⏬ᘓタィࡢ ㉸ఏࡿࡅ࠾࡟

ᑟࠊࡣ࡛ࢺࢵࢿࢢ࣐LHC ࡿ࡞࡜ࡉࡁ኱ࡢಸࡢ 16 
T ࡿࢀࢃ౑࡟ࡇࡑࠊࡾ࠾࡚ࡋ࡜ᶆ┠ࢆሙ㐠㌿☢ࡢ

㉸ఏᑟ⥺ᮦࡣ࡟ 1,500 A/mm2㸦4.2K, 6T㸧ࡢࡶᴟ

࡞ࡁ኱࡚ࡵ Jc ࡇ ࠊᅾ⌧ࠋ[30]ࡿ࠸࡚ࢀࡉ࡜ᚲせࡀ
ࡇ࡜ࡢ௒ࠊࡃ࡞ࡣ㛗ᑻ㉸ఏᑟ⥺ᮦࡍࡓ‶ࢆ௳᮲ࡢ

RRPࠊࢁ ἲࢆ௦⾲ࡓࡋ࡜ෆ㒊 Sn ᣑᩓἲ⥺ᮦࡀ᭷

ຊೃ⿵࡚ࡋ࡜ᨵⰋࡀ㐍ࠋࡿ࠸࡚ࢀࡽࡵ౛ࠊࡤ࠼⥺

ᮦ୰ࡢ Nb ⰺ࡟ Zr ᮦෆ⥺࡟᫬ྠࠊࡋᚤ㔞ῧຍࢆ

㒊࡟ SnO2 ࡞኱ᖜ࡛࡜ࡇࡿࡏࡉ᭷ྵࢆ Jc ࡀୖྥ

ᚓ࠺࠸࡜ࡿࢀࡽሗ࿌ࡢࡇࠋ[31]ࡿ࠶ࡀ⥺ᮦࢆ⇕ฎ⌮

Nbࠊ࡜ࡿࡍ ⰺ୰ࡢ Zr ࡞ᚤ⣽࡚ࢀࡉඃඛ㓟໬ࡀ

ZrO2 ࡀࢀࡑࠊࢀࡉᙧᡂࡀ Nb3Sn ⤖ᬗࡢ⢏ᡂ㛗ࢆ

ᢚไ࡚ࡋ Nb3Sn  ࠊ࡟ࡶ࡜࡜ࡿࡍᐤ୚࡟ᚤ⣽໬ࡢ
ᚤ⣽࡞ ZrO2 స࡚ࡋ࡜ࡵṆࣥࣆࡢ᮰☢ࡀࡢࡶࡢࡑ

࡟ෆ㒊ࡢᮦ⥺ࠊࡓࡲࠋࡿ࠸࡚ࡋㄝ᫂࡜ࡿࡍ⏝

Gd2O3 ࡶࢆࢡ࣮ࣆ࡞ࡁ኱࡟⇕ẚࡢ࡛ ᴟపࡢ➼

࡛࠸㜵ࢆᗘୖ᪼ ࡢᮦ඲య⥺ࠊ࡚ࡏࡲྵࢆ㉁≀ࡘ

Ᏻᐃᛶࢆᨵၿࡿࡍヨࡶࡳሗ࿌ࡢࡇࠋ[32]ࡿ࠸࡚ࢀࡉ

㧗☢ሙ࡟୺ࠊ࡟࠺ࡼ NMR ྜ⼥᰾ࠊࡸࢺࢵࢿࢢ࣐

ᅜ㝿࡞ᕧ኱ࡢ࡝࡞⢏Ꮚຍ㏿ჾ࣮ࢠࣝࢿ࢚㧗ࡸ⅔

⬟㧗ᛶࡶᅾ⌧ࠊ࡚ࡋ࡜㥑ືຊࢆࢺࢡ࢙ࢪࣟࣉ

Nb3Sn ⥺ᮦࡢ◊✲㛤Ⓨࡾ⧞ࡀᗈࠋࡿ࠸࡚ࢀࡽࡆ 

3.2. Nb3Al ⥺ᮦ 

1958 ᖺࡢ࡛◊ࣝ࣋ࡢⓎぢᙜึࠊNb3Al ࡢ Tc ࡣ
17.5K ࡚ࢀࡉሗ࿌࡜ Nb3Sn ࡉ࡞ぢ࡜࠸పࡶࡾࡼ

ࡀࢁࡇ࡜ࠋࡓ࠸࡚ࢀ 1969 ᖺࡢ◊ࣝ࣋ࡃࡌྠࠊ

Willens Nbࠊࡣ➼ ࡜ Al సࢆᅽ⦰⢊య࡚ࡋΰྜࢆ

 
ᅗ 11. RRP ἲ Nb3Sn ከⰺ⥺ᮦ㸦⇕ฎ⌮๓㸧

 ࠋᣑ኱෗┿[28]ࡢ㒊ࢺ࣓ࣥࣛ࢕ࣇࡢ
 

ᅗ ἲࣈ࣮ࣗࢳ .10 Nb3Sn ከⰺ⥺ᮦ᩿ࡢ㠃[26]ࠋ 
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〇࡚ࡋ㧗࿘Ἴ࡛ 1,700Υࡢ㧗 ຍ⇕ࠊ࠸⾜ࢆḟ࠸

࡛ 700Υࡢప ࡛ᆒ㉁໬⇕ฎ⌮18.8ࠊ࡜࠺⾜ࢆ K
࠸㧗࠺࠸࡜ Tc ໬ࠋ[33]ࡓࡋሗ࿌ࢆ࡜ࡇࡿࢀࡽᚓࡀ

Ꮫ㔞ㄽ⤌ᡂẚࡢ Nb3Al ࡛┦Ᏻᐃ࡛ࡳࡢ 㧗ࡀ┦

ᖺ⩣ࠋࡿࡍ᮶⏤࡟࡜ࡇࡿ࠶ 1970 ᖺࠊࡣ࡟⡿ᅜ࣐

ࡢᕤ⛉኱Ꮫࢶࢵࢭ࣮ࣗࢳࢧ Foner ࡀ➼ 4.2 K ࡢ࡛

Bc2ࡀ⣙ 30 T Nb3Alࠊ[34]ࡋㄆ☜ࢆ࡜ࡇࡿ࠶࡛ ඃࡢ

࡟ࡽࡉࠋࡓࢀࡉ♧ࡀ㧗☢ሙ≉ᛶࡓࢀ 1980 ᖺ௦࡟

ࡢ⡿ᅜᶆ‽ᢏ⾡◊✲ᡤ㸦NIST㸧ࠊ࡚ࡗ࡞ Ekin ࠿

ࡽ Nb3Al ࠊ[35]࡚ࢀࡉ♧ࡀᛶ≉ࡳࡎࡦ⪏ࡓࢀඃࡢ

㟁☢ຊࡀ㧗ࡿࡲ㧗☢ሙ኱ᆺࢺࢵࢿࢢ࣐ᛂ⏝ྥ࡟

࡚ࡅ Nb3Al ⥺⏝ᐇࡢࡑࠊࡳࡽ⭾ࡃࡁ኱ࡀᮇᚅࡢ࡬

ᮦࡢⓏሙࡀᚅࡕᮃࠋࡓࢀࡲV3Ga ࡸ Nb3Sn ࠊࡣ࡛

஧ඖ⣔ࡢ┦஫ᣑᩓࡽ࠿ Cu ཯ᛂࡢඖ⣔୕ࡓ࠼ຍࢆ

⤒㊰㸦ࢺ࣮ࣝࢬࣥࣟࣈ㸧ࡁ⨨࡟᥮࡛࡜ࡇࡿ࠼ A15
ᆺ໬ྜ≀ࡢ༢┦ࢆᚓࠊࡀࡓࡁ࡛ࡀ࡜ࡇࡿNb3Al ࡟
Nbࠋࡓࡗ࠿࡞ࡋ⏝㏻ࡣ๓౛ࡢࡇ ࡜ Al ࡢ஧ඖ⣔ࡢ

ᣑᩓ཯ᛂ࡛ࠊࡣAl Nb2Alࠊࡵࡓ࠸㐜ࡀᣑᩓ㏿ᗘࡢ
ࡸ NbAl3➼ࡢ㠀㉸ఏᑟ┦ࡀඃඛⓗ࡟⏕ᡂࠊࡿࢀࡉ

࡟ࡽࡉ Cu ࡣ࡟཯ᛂ⤒㊰ࡢࡑࡶඖ⣔࡛୕ࡓ࠼ຍࢆ

୕ඖ⣔ࡢ Ǎ┦ࡸ C14 ┦㸦࣮ࣛࢫ࣋┦㸧ࡀ௓ᅾ࡚ࡋ

Nb3Al ᅗࠋ[36] ࡓࢀࡲ㜼ࡀᡂ⏕ࡢ 12 ࡟ Nb3Al ┦
ࢆ┦୰㛫ࡢ✀ྛࡿࡍᏑᅾ࡟ᣑᩓ⤒㊰㏵୰ࡿ⮳࡟

 ࠋࡓࡵ࡜ࡲ
Nbࠊ࡛ࡇࡑ ࡜ Al ࡟ᙉไⓗࠊ࡚࠸࠾࡟஧ඖ⣔ࡢ

ᣑᩓ㊥㞳࡚ࡋ▷ࢆ Nb3Al ᮦ⥺ࡓࡗ≻ࢆᡂ⏕ࡢ┦

໬ࡀࢫࢭࣟࣉ㐍1975 ࠋࡓࢀࡽࡵ ᖺࡢ࢔ࣜࢱ࢖ࠊ

Ceresara Nbࠊࡣࡽ࠿ࡽ ࡜ Al ࠸⣽ࢆ⟨࠸ⷧࡢ Cu
Წ࡟㔜ࡡᕳࢆࢀࡑࠊࡋࡁ Cu ࡍຍᕤ࡚ࡋᤄධ࡟⟶

࡟ఙ⥺ຍᕤᚋࠋ[37]ࡓࡋᥦ᱌ࢆ᪉ἲࡿ Al ࡳཌࡢ⟨

ࡣ 200 nm ప ⇕ฎࡢ850Υ⛬ᗘࠊࡾ࡞ࡃ࡛ⷧࡲ

ࡢࡃẚ㍑ⓗከࡶ࡛⌮ Nb3Al ࡜ࡇࡿࢀࡉᡂ⏕ࡀ┦

ࡓࡋᡂ⏕ࠋࡓࡋぢฟࢆ Nb3Al ప ᣑᩓ཯ᛂࠊࡣ┦

࡛໬Ꮫ㔞ㄽ⤌ᡂẚࡵࡓࡿ࠸࡚ࢀࡎࡽ࠿ 15.6 K ⛬

ᗘࡢ Tc T 10ࠊࡀࡓࡗ࠶ࡣ࡛ ௨ୖࡢ㧗☢ሙୗ࡛

1,000 A/mm2௨ୖࡢ㧗࠸ Jc ࠋࡓࡁ࡛ࡀ࡜ࡇࡿᚓࢆ

ࡤ࿧࡜ἲ࣮࣮࢙ࣝࣟࣜࢪ࡟ᚋࠊࡣຍᕤἲྜ「ࡢࡇ

ࡢᚋࡢࡑࠋࡿ࠸࡚ࢀ 1980 ᖺ࡟᪥ᮏ኱Ꮫࡢ⛅὾Ⰻ

ࡀࡽ୕ PIT ἲ[38]1988ࠊ ᖺ࡟㔠ᒓᮦᩱᢏ⾡◊✲ᡤ

㸦⌧ NIMS㸧ࡢ஭ୖᗮࡀࡽ RIT㸦Rod-In-Tube㸧ἲ
ࢆ[39] 1989 ᖺ࡟ᮾ໭኱Ꮫᩪࡢ⸨ᰤࡀࡽ CCE
㸦Clad-Chip-Extrusion㸧ἲ[40]ࢆᥦ᱌ࠊࡋNb ࡜ Al
ࡵࡓࡿࡏࡉప ᣑᩓ཯ᛂ࡚ࡋࡃ▷ࢆᣑᩓ㊥㞳ࡢ

ᡭἲࡢࢀࡎ࠸ࠋࡓࢀࡉウ᳨࡜ࠎ⥆ࡀຍᕤἲྜ「ࡢ

࡝࡯ࡿࡍࡃ▷ࢆᣑᩓ㊥㞳ࡶ Jc ࢀࡇࠋࡓࡋୖྥࡣ

ࢪ၏୍ࡣࡢࡔࢇ㐍࡛ࡲ⏘㔞ࠊෆࡢຍᕤἲྜ「ࡢࡽ

ࠊἲ࡛ᡃ࣮࣮࢙ࣝࣟࣜ ࡟ᅗ13ࡀఫ཭㟁ᕤࡣᅜ࡛ࡀ

᮲㛗ࡍ♧ 16 km ࡢ Nb3Al ከⰺ⥺ᮦࡀ㛤Ⓨࠊࢀࡉ

ᙜ᫬ࠊ⥲㛗 230 km㸦㔜㔞࡛ 1 ton㸧ࡢ㔞⏘ࢃ⾜ࡀ

✲◊᪥ᮏཎᏊຊࠊࡣ㛤Ⓨࡢ㔞⏘⥺ᮦࡢࡇࠋ[41]ࡓࢀ

ᡤ㸦⌧ QST㸧࡟ࡶ࡜࡜ ITER ࡚ࡋᣦ┠ࢆ⏝ᛂࡢ࡬

ᐇ᪋᭱ࠊࡀࡓ࠸࡚ࢀࡉ⤊ⓗࡢࡑ࡟ᐇ⌧ࠊࡎࢃྔࡣ

ᙜ᫬ࡢ Nb3Al ከⰺ⥺ᮦࡢ㛤Ⓨࡣᛴ㏿ࢻ࣮࢙ࣇ࡟

 ࠋࡓࡗ࠸࡚ࡋࢺ࢘࢔
ࡓࡲ Nb3Al ࡓࡁ࡚࡭㏙࡟࡛ࡲࢀࡇࠊࡣ࡟ A15

࠸㧗ࠊ࡟௚࠸ࡃ࡟ࢀࡽᣑᩓ཯ᛂ࡛ᚓࡀ┦ Tc ᚓࡀ

ࡘࡶࢆ໬Ꮫ㔞ㄽ⤌ᡂẚࡿࢀࡽ A15 ࡣ┦ 1980Υࡢ

㧗 ࡛ࡳࡢᏳᐃ࡛࠺࠸࡜ࡿ࠶≉ᚩࠋࡓࡗ࠶ࡀ

NIMS ᣑᩓἲࡢඛࠊࡣ࡛ࣉ࣮ࣝࢢ✲◊ࡢ Nb3Al ⥺
ᮦ࡛ࢳ࣮ࣟࣉ࢔ࡢ⮬⊃ࡢูࡣ࡜⥺ᮦ㛤Ⓨࡀ㐍ࡵ

࠸ࡼࡢᛶ≉ࠋࡓࡁ࡚ࢀࡽ A15  㧗࡟ࡵࡓࡿᚓࢆ┦

 
ᅗ 13. Nb ࡜⟨ Al ࣮࢙ࣟࣜࢪࡿࡍࡁᕳࡡ㔜ࢆ⟨

࣮ࣝἲ࡛సᡂࡓࢀࡉ Nb3Al ከⰺ⥺ᮦ᩿ࡢ㠃

෗┿[41]ࠋ㯮Ⰽࡢ㒊ศࡀ Nb3Al ࢙ࣜࢪࡿ࡞࡜

 ࠋᏳᐃ໬㖡ࡣẕᮦ࡛ࢺ࣓ࣥࣛ࢕ࣇ࣮࣮ࣝࣟ

 
ᅗ 12. Nb3Al ࡿࡍᏑᅾ࡟ᣑᩓ⤒㊰㏵୰ࡿ⮳࡟┦

 ࠋ┦୰㛫ࡢ✀ྛ

Nb

Cu

Al
Nb3Al Nb2Al NbAl3

P phase 

䠄Nb2AlCu䠅

C14 Laves phase 
䠄 Nb(AlCu) 2 䠅

Cu-Al䠄䝤䝻䞁䝈䠅ྜ㔠

䠄 CuSS 䠅
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⇕ฎ⌮ࡢไᚚࢫࢭࣟࣉࡓࡗ≻ࢆ㛤Ⓨࡾ⧞ࡀᗈࡆ

1985ࠋࡓࢀࡽ ᖺ㡭ࡣ࡟ᡞྔ୍ṇࠊࡾࡼ࡟ࡽ㧗 ࡢ

NbAl ⼥యࢆ㧗㏿⛣ືࡿࡍຍ⇕ࡓࢀࡉ Cu ࣉ࣮ࢸ

ࡀᡭἲ[42]ࡿࡍᛴ෭࡚ࡅ௜ࡁ྿࡟㐃⥆ⓗ࡟㠃⾲ࡢ

᳨ウࡓࡲࠊࢀࡉ 1987 ᖺ㡭ࡣ࡟⇃಴ᾈ᫂ࡾࡼ࡟ࡽ

Nb࡜Alࡢ๓㥑య⥺ᮦࢆ㟁Ꮚࡢ➼࣮ࢨ࣮ࣞࡸ㧗࢚

⌮ฎ⇕ࡢ㧗 ▷᫬㛫࡚ࡋᑕ↷࡛࣒࣮ࣅ࣮ࢠࣝࢿ

㛗ࡶࢀࡎ࠸ࠋࡓࢀࡉウ᳨ࡀᡭἲ[43]࠺⾜࡟㐃⥆ⓗࢆ

ᑻฎ⌮ࡀ㞴࠸ࡋၥ㢟1990ࠋࡓࡗ࠶ࡀ ᖺ௦ࡗ࡞࡟

ࡢᾮయ㔠ᒓ࡜⇕㏻㟁ຍࡾࡼ࡟ࡽ஭ୖᗮࠊ࡚ Ga ᾎ

ᛴ෭ࠕࡓࡏࢃྜࡳ⤌ࢆᛴ⇕ᛴ෭ἲࠖࡀᥦ᱌ࡓࢀࡉ
ࡢ㛗ᑻࠋ[44] NbAl ๓㥑య⥺ࢆ౪⤥࣮ࣜࣝࡽ࠿ᕳྲྀ

ࡋ㏵୰࡛┤ὶ㏻㟁ࡢࡑࠊࡽࡀ࡞࠼᭰ࡁᕳ࡟࣮ࣝࣜ

࡚ 2,000Υ㏆ഐ࡟⮬ᕫຍ⇕ࠊࡏࡉᘬࡁ⥆ࡁᐊ ㏆

ഐࡢ Ga ᾎ࡟ᑟ࡚࠸ᛴ෭ࡿࡍ㐃⥆ฎ⌮⿦⨨ࡀ㛤Ⓨ

ᅗࠋࡓࢀࡉ 6 ࡿ࠶࡛┿እほ෗ࡢ⨨ᛴ⇕ᛴ෭⿦ࡣ
యᚰ❧᪉ᬗ㸦bcc㸧 ࠊࡣ࡛⌮ᛴ⇕ᛴ෭ฎࡢࡇࠋ[45]
ࡢ Nb ࡟ Al ࡉᡂ⏕ࡀ┦㔠ྜࡓࡋ⁐ᅛ࡟㐣㣬࿴ࡀ

ࡣ㐣㣬࿴ᅛ⁐యࡢࡇࠋࡿࢀ Nb ࡜ Al ࡀ A15 ࡢ┦

໬Ꮫ㔞ㄽ⤌ᡂࠊࡾ࠾࡚ࡗ࡞࡜ᐊ ࡛ࡣᨃᏳᐃ┦࡛

࡛ࡇࡑࠋࡿ࠶ 800Υ⛬ᗘࡢ㏣ຍ⇕ฎ⌮ࠊ࡜࠺⾜ࢆ 
bcc ࡽ࠿┦ A15 ᛴࠕࠊࡵࡓࡢࡇࠋࡿࡍኚែ┦࡟┦

⇕ᛴ෭ἲࠖࠕࡣᛴ⇕ᛴ෭࣭ኚែἲࠖࡶ࡜࿧ࠋࡿࢀࡤ

┦ኚែᚋࡢ Nb3Al ㏆࡟໬Ꮫ㔞ㄽẚࡣ࡟඲యⓗࠊࡣ

ࡿࡳ࡟ᚤどⓗࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡉᣢ⥔ࡀᡂ⤌࠸

ࡢᩘ↓ࡣ࡟ᬗ⢏ෆ⤖ࠊ࡜ Al ⃰ᗘ࡟ᐩࡔࢇ✚ᒙḞ

㝗ࡀᙧᡂ࡟ࡽࡉࠊࢀࡉ኱ഴゅࡢ⢏⏺࡟ࡶ࡜࡜ᑠഴ

ゅࡢள⢏⏺ࡶከࡃㄆࡓࢀࡽࡵ㸦ᅗ 15㸧[46]ࡲࢀࡇࠋ

ࡿࡍᣑᩓ⏕ᡂࡢ࡛ A15 ᆺ㉸ఏᑟయ࡟☜ㄆࡿࢀࡉ

᱁ᏊḞ㝗ࡣ⤖ᬗ⢏⏺ࡀ୺ࡼࡢࡇࠋࡓࡗ࠶࡛ࡢࡶ࡞

ࣆ࡞᭷ຠࡀ᱁ᏊḞ㝗ᵓ㐀࡞㝵ᒙⓗࡘ㞧ୟ「࡞࠺

ࣥṆࡵⅬ࡚ࡋ࡜స⏝ࡢ࡛ࡲࢀࡇࠊ࠿ࡵࡓࡿ࠸࡚ࡋ

ᣑᩓἲ Nb3Al ⥺ᮦࢬࣥࣟࣈࡸἲ Nb3Sn ⥺ᮦࡾࡼ

᱁ẁ࡟㧗࠸ Jc ࡉᚅᮃࡀᐇ⏝໬ࡢࡑࠋࡓࢀࡽᚓࡀ

ࡢࡵࡓࡢᏳᐃ໬ࠊࢀ Cu ࠊ࡚ࢀࡉ㛤Ⓨࡶ⾡ᢏྜ「ࡢ

㧗☢ሙ NMR ࢢ࣐⏝㧗☢ሙຍ㏿ჾࡸࣝ࢖ࢥෆᤄࡢ

᭱ࠊࡀࡓࢀࡉ㛤Ⓨࡶࣉ࢖ࢱࢺࣟࣉࡢࡵࡓࡢࢺࢵࢿ

⤊ⓗࡣ࡟ᐇ⏝໬ࡢ᪥ࢆ┠ࡢぢࡓࡗ࠿࡞ࡣ࡜ࡇࡿ
࡞ᚲせࡀไᚚ࡞㧗ᗘ࡟㠀ᖖࠊࡀࡿࢀඃࡣᛶ≉ࠋ[45]

⇕ฎ⌮ࡸᏳᐃ໬㖡ࢆ௜୚࡟ࡵࡓࡿࡍ≉Ṧ࡞ฎ⌮

㌟⮬ࢫࢭࣟࣉ࡞㞧↹ࡘ㞧ୟ「ࡢࡇࠋࡿࡍ࡜ᚲせࢆ

ᛴ⇕ᛴ෭ἲࡀ Nb3Al ⥺ᮦࡢᐇ⏝໬ࡢ኱࡞ࡁቨ࡜

 ࠋࡓࡗ࡞
᭱㏆ࠊNIMS ࡶࡾࡼẟࡢ㧥ࡾࡼ࡟ࡽụ❶ᘯ⳥ࡢ

⣽࣮࣮࢙ࣝࣟࣜࢪ࠸ἲ Nb3Al ᴟ⣽⥺ᮦࡢ㛤Ⓨࡀ

㛤ጞࢀࡉୡ⏺ⓗ࡟ὀ┠ࢆ㞟ࡿ࠸࡚ࡵ㸦ᅗ 16㸧[47]ࠋ

୍⯡ⓗ࡟ Nb3Al ࡸ Nb3Sn ⥺໬ྜ≀⣔㉸ఏᑟࡢ➼

ᮦࠊࡣఙ⥺ຍᕤࡓࡋᚋ࡟⇕ฎ⌮࡚ࡗ⾜ࢆ㉸ఏᑟ┦

࡟⡆༢ࡃ⬤ࡣᮦ⥺ࡢฎ⌮ᚋ⇕ࠊࡵࡓࡿࡏࡉᡂ⏕ࢆ

ᢡࣝ࢖ࢥࠊࡵࡓࡢࡑࠋࡿࢀ໬ࡣఙ⥺ຍᕤᚋࡎࡲ࡟

ᕳࡢࡑࠊࡋ⥺ࡁᚋ࡟⇕ฎ⌮࠺⾜ࢆ Wind & React
ἲࡀᗈࡃ㐺⏝ࡢࡇࠋࡿ࠸࡚ࢀࡉ᪉ἲࠊࡣ࡚࠸࠾࡟

⇕ฎ⌮ࢫࢡࢵ࣑ࣛࢭࡸࢫࣛ࢞ࡿ࠼⪏࡟〇ࡢ㧗౯

࡟ฎ⌮᫬⇕ࡓࡲࠊࡎࡽ࡞ࡤࢀࡅ࡞ࢃ౑ࢆᮦ⦖⤯࡞

⥺ᮦࡢ⇕⭾ᙇཬࡧ཰⦰ࡢࣝ࢖ࢥ࡚ࡗࡼ࡟ᕳࡁ⦆

ၥ㢟ࡢࡃከᩘࠊ࡝࡞ࡿࡍ⏕Ⓨࡀ⤡▷࡞㟁Ẽⓗࡸࡳ

 
ᅗ 14. ᛴ⇕ᛴ෭ฎ⌮⿦⨨ࡢእほ෗┿[45]࣎ୖྑࠋ

࡟ࣥࣅ࣎ᕥୖࡽ࠿ࣥࣅ NbAl ๓㥑య⥺ᮦࢆ㧗

㏿࡛ᕳࡢࡑࠋࡿ࠼᭰ࡁ㏵୰ྑࡢୗࡢ⣧㖡〇࢞

ᙧ⟽࡜࣮࣮ࣜࣉࢻ࢖ Ga ᾎࡢ㛫㸦⣙ 150mm㸧

࡛㏻㟁ຍ⇕࡜ᛴ෭ฎ⌮ࢆ㐃⥆ⓗࠋ࠺⾜࡟ 

 
ᅗ 15. ᛴ⇕ᛴ෭ἲ Nb3Al ⥺ᮦࡢ┦ኚែᚋࡢ

Nb3Al  ᱁ᏊḞ㝗[47]㸬࡞㞧「ࡿࢀࡉほᐹ࡟┦

200 nm
GBGB

GBGB

A15 Grain 2A15 Grain 2

Grain 3Grain 3

A15 Grain 1A15 Grain 1

A15A15

Stacking FaultStacking Fault

Stacking FaultStacking Fault
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Ⅼࡀᣦ᦬ࠋࡿ࠸࡚ࢀࡉ⌧ᅾᬑཬࡿ࠸࡚ࡋ MRI ࡸ

ᘓタࡀ㐍ࡢ࣮࣮࢝ࢱ࣮ࣔ࢔ࢽࣜࡿ࠸࡚ࢀࡽࡵ㉸

ఏᑟ☢▼ࡣ࡟ Nb-Ti ྜ㔠⥺ᮦࡀ౑ࠊࡀࡿ࠸࡚ࢀࢃ

Nb-Ti ྜ㔠ࡣఙ⥺ຍᕤᚋࡢ≧ែ࡛㉸ఏᑟ⥺ᮦࡋ࡜

ࡿࡍረᛶኚᙧ࡟෭㛫࡛⮬ᅾࡘୟࠊࡁ࡛࠸ᢅࡾྲྀ࡚

ࡓ࡞୙せࡣ⌮ฎ⇕ࡢᚋ⥺ࡁᕳࠋࡿ࠶࡛⬟ྍࡶ࡜ࡇ

⏕Ⓨࡀࡳ⦅ࡁᕳࠊ࡚࠼౑ࡀ᭷ᶵ⤯⦕ᮦ࡞Ᏻ౯࡟ࡵ

ࡶࢆሙ⢭ᗘ☢࠸㧗ࠊࡾࡼ࡟ࢀࡇࠋ࠸࡞ࡶ࡜ࡇࡿࡍ

ࠋࡿ࠸࡚ࢀࡉ〇㐀࡟Ᏻ౯ࡀࢺࢵࢿࢢ࣐㉸ఏᑟࡓࡗ

Nb-Tiࠊࡋࡶ ྜ㔠ࡾࡼ㧗ᛶ⬟࡞໬ྜ≀⣔㉸ఏᑟࡀ

Nb-Ti ྜ㔠⥺ᮦ࠺ᢅࡾྲྀ࡛ࢢࣥࣜࢻࣥࣁࡢ➼ྠ࡜

ࡿࢀࡉ㏿ຍ࡟Ẽ୍ࡣᐇ⏝໬ࡢࡑࠊࡤࢀࡁ࡛ࡀ࡜ࡇ

ࡍ࡟ࣝࣈࢩ࢟ࣞࣇࢆ໬ྜ≀⣔㉸ఏᑟ⥺ᮦࠋ࠺ࢁࡔ

ࡼࡢ࣮ࣂ࢖࢓ࣇࢫࣛࢢࡿࢀࢃග㏻ಙ࡛౑ࠊࡣ࡟ࡿ

ᛶ≉ࡳࡎࡦ⪏ࠋ࠸࠸ࡤࢀࡍࡃ⣽࡚ࡵᴟࢆᚄ⥺࡟࠺

ࡿࢀඃ࡟ Nb3Al ⣽ࠊࡓࡲࠋ࠸ᙉ࡟ࡆ᭤࡞ᶵᲔⓗࡣ

ᚄ࡛࡜ࡇࡿ࡞࡜㸯ᮏࡢࡾࡓ࠶㏻㟁ᐜ㔞ࡀపୗࡍ

㟁ὶ࡛࡜ࡇࡿ᧍࡚ࡡ᮰ࢆ⥺ᴟ⣽ࠊࡀࡿ࠶ࡀၥ㢟ࡿ

ᐜ㔞ࢆ⡆༢࡟ቑຍ࡛ࡓࡲࠊࡁ᮰ࡶ࡚ࡡ⣲⥺㛫ࡃࡣ

ࠋ࠸࡞ࡶ࡜ࡇࡿຎࡀᛶ࠺࡜ྍ࡛ࡢ࠸࡞࠸࡚࠸ࡘࡗ

ᚑ᮶ࢫࣜࣀࣔࡢᆺከⰺ⥺ᮦࢵࣆࢺࢫ࢖ࢶࡶࡾࡼ

⣲⥺㛫ࡢ㝿ࡓࡡ᮰ࡓࡲࠊࡁ࡛ࡀ࡜ࡇࡿࡍࡃ▷ࢆࢳ

஺ὶᦆ࡚ࡗ࡞࡜ᐜ᫆ࡀ࡜ࡇࡿࡍࡃࡉᑠࡶྜ⤖ࡢ

ኻࡢ኱ᖜ࡞పῶ࠺࠸࡜ຠᯝࡶᮇᚅࠋࡿࢀࡉᅗ 17
᫖ᖺ㸦2021ࠊࡣ ᖺ㸧࡟⳥ụࡽ࠿ᅜ㝿☢▼ᢏ⾡఍㆟

㸦MT27㸧࡛Ⓨ⾲ࡓࢀࡉ⤱⣒㸦እᚄ 20 㸧ࣥࣟࢡ࣑

ࡀእᚄ࠸⣽ࡶࡾࡼ 17 ㉸ᴟ⣽ࡢࣥࣟࢡ࣑ Nb3Al ㉸
ఏᑟ⥺ᮦ᩿ࡢ㠃෗┿࡛ࠋ[48]ࡿ࠶Ᏻᐃ໬࡟ᐤ୚ࡿࡍ

↓㓟⣲㖡⟶ࡢෆ㒊ࡃࡌྠࠊ࡟↓㓟⣲㖡ࣟࡢࢻࢵ࿘

ᅖ࡟ Nb ࡜⟨ Al ᱁⣡ࡀᒙయ✚ࡓࡋࡁᕳࡡ㔜ࢆ⟨

ࡢ㔠ᒓ✀␗࠸⣽ࡶ࡛᭱⏺ୡࡃࡽࡑ࠾ࠋࡿ࠸࡚ࢀࡉ

」ྜຍᕤ⥺ᮦ࡛ࠋࡿ࠶ᘬࡁ⥆ࡁ᭦ࡿ࡞ᴟ⣽໬࡜㛗

ᑻ໬࡚ࡋࡑࠊ㧗 Jc ໬ࠋࡿ࠸࡚ࢀࢃ⾜ࡀࡳ⤌ࡾྲྀࡢ 

4. 㖡㓟໬≀⣔⥺ᮦ 

4.1. Bi ⣔⥺ᮦ㸦Bi-2212 ཬࡧ Bi-2223㸧 

1986 ᖺࢫ࢖ࢫࠊ IBM ࡢࣄࢵ࣮ࣜࣗࢳ Bednorz
࡜ Müller ࡿࡼ࡟ Tc ⣙ࡀ 30K 㖡㓟໬≀㉸ఏᑟࡢ

యࡢⓎぢࠊ[49]ࡣୡ⏺ⓗࢆ࣮ࣂ࣮࢕ࣇ࡞ᕳࡁ㉳ࡋࡇ

ࡾࡼࠊ࡚ Tc άⓎࡀࡋᐆ᥈ࡓࡵồࢆ᪂≀㉁࠸㧗ࡢ

ࡢᖺ⩣ࠋࡓࢀࢃ⾜࡟ 1987 ᖺࠊࡣ࡟⡿ᅜࢫ࣮ࣗࣄ

ࡢ኱Ꮫࣥࢺ C. W. Chu ❅ᾮయࡀࣉ࣮ࣝࢢ✲◊ࡢࡽ

⣲ ᗘ㸦77K㸧ࢆ㉸ࡿ࠼ Tc ࡍ♧ࢆ Y-Ba-Cu-O ࢆ

Ⓨぢࡢࡇࠊ[50]ࡋ⩣ᖺࡢ 1988 ᖺࡣ࡟㔠ᒓᮦᩱᢏ⾡

◊✲ᡤ㸦⌧ NIMS㸧ࡢ๓⏣ᘯ࡚ࡵึࠊࡀࡽ 100K
ࡿ࠼㉸ࢆ Tc ࡍ♧ࢆ Bi-Sr-Ca-Cu-O ࡓࡋⓎぢࢆ

⥺㉸ఏᑟ㌿⛣᭤ࡢ஧ẁ㝵ࡣㄽᩥ࡛ࡢⓎぢᙜึࠋ[51]

Bi2Sr2Ca2Cu3Oxࡢ⣙110KࡀTc࡟ᚋࠊࢀࡉ⾲Ⓨࡀ

㸦Bi-2223㸧┦[52]ࠊ࡜⣙ 85K ࡢ Bi2Sr2Ca1Cu2Ox

㸦Bi-2212㸧┦[53]ุ࡛ࡀ࡜ࡇࡿ࠶᫂ࡢࡑࠋࡿࡍ௚࡟

ࡶ Bi2Sr2Cu1Ox㸦Bi-2201㸧┦[54, 55]ࡶ Bi ⣔࡚ࡋ࡜

ศ㢮ࠊࡀࡿࢀࡉTc ⣙ࡣ 20K ✀㸱ࡽࢀࡇࠋ࠸ప࡜

㢮ࡢ Bi ⣔㉸ఏᑟయ࡛ࠊࡣTc ࠸㧗ࡢ Bi-2223 ࡜ Bi-
2212 ࡶࢀࡎ࠸ࠋࡓࢀࡽࡵ㐍࡟ୡ⏺ⓗࡀᮦ໬⥺ࡢ

㔠ᒓ⟶࡟⢊ᮎࢆ඘ሸࡿࡍ PIT ἲ୍ࡀ⯡ⓗ࡞⥺໬

⣧࡟⟶㔠ᒓࠋࡿ࠸࡚ࢀࡉ⏝㐺࡚ࡋ࡜ࢫࢭࣟࣉ Ag
ࡣ࠸ࡿ࠶ Ag ྜ㔠ࠋࡿࢀࡽ࠸⏝ࡀ㧗౯ࡶ࡟㛵ࡽࢃ

ࡎ Ag ࡜㓟໬≀⢊ᮎࡓࡋ඘ሸࠊࡣࡢࡿࢀࡽ࠸⏝ࡀ

ࡴྵࢆ㓟⣲ࡣ࠸ࡿ࠶኱Ẽ୰㸦ࠊࡘୟࠊࡎࡏ཯ᛂࡣ

 
ᅗ 17. እᚄ 17 ἲ࣮࣮࢙ࣝࣟࣜࢪࡢࣥࣟࢡ࣑

Nb3Al ㉸ఏᑟ⥺ᮦ᩿ࡢ㠃෗┿㸬⅊Ⰽࡢẕᮦ

 Ᏻᐃ໬㖡[48]㸬ࡣ

 
ᅗ 16. እᚄࡀ 30 ἲ࣮࣮࢙ࣝࣟࣜࢪࡢࣥࣟࢡ࣑

Nb3Al ᴟ⣽⥺ᮦ࡜እᚄࡀ 100 ࡢ㧥ࡢࣥࣟࢡ࣑

ẟࢆẚ㍑ࡓࡋእほ෗┿[47]㸬 
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㞺ᅖẼ୰㸧࡛⇕ฎ⌮ࡶ࡚ࡋ㔠ᒓ⮬㌟ࡣ㓟໬࡚࣎ࡋ

࡟඘ሸ⢊ᮎ࡚ࡏࡉ㏻㐣ࢆ㓟⣲࡟ࡎࡽ࡞࡟ࣟ࣎ࣟ

㓟⣲ࢆ౪⤥࡛ࡀ࡜ࡇࡿࡁ୺ࠊࡓࡲࠋࡿ࠶࡛⏤⌮࡞

㖡㓟໬≀㉸ఏᑟయࡣ CuO2 㠃ࡀ⤯⦕ᒙ࡟ᣳࡓࢀࡲ

ᒙ≧ࡢ⤖ᬗᵓ㐀ࢆᣢࡕ㸦ᅗ 18㸧[56]ࠊ㉸ఏᑟ㟁ὶࡣ

CuO2㠃࡟ᖹ⾜㸦c ㍈࡟ᆶ┤᪉ྥ㸧࡟ὶࠋ࠸ࡍࡸࢀ

⤖ᬗᡂ㛗ࡶ␗᪉ⓗ࡛ᯈ≧⤖ᬗࡀ c ㍈࡟ᆶ┤࡞᪉ྥ

ࡒࢀࡑෆ㒊࡛ࡢ⟶㔠ᒓࠊ࡚ࡗᚑࠋ࠸ࡍࡸࡋᡂ㛗࡟

⤖≦ᯈࠊ࡜ࡿࡍᡂ㛗࡟᪉ྥ࡞࣒ࢲࣥࣛࡀᬗ⤖ࡢࢀ

ᬗࡢ㛫࡛༑ศ࡞⤖ྜ㠃ࡀᚓࡓࡲࠊࡎࢀࡽከᩘࡢ኱

ࡾࡓ࠶⢊ᮎ඘ሸ㒊࡚ࡗ࡞ࡃࡍࡸࡁ࡛ࡶ㝽✵࠸ࡁ

ࡢ Jc ࠸㧗ࠊ࡚ࡗᚑࠋࡿ࡞ࡃࡉᑠࡀ Jc ࡣ࡟ࡿᚓࢆ

ᯈ≧⤖ᬗ࡚࠼ࢁࡑࢆࡁྥࡢ㓄ྥࡿࡏࡉ⤌⧊ไᚚ

ࠊ࡝࡯ࡿࡲ㧗ࡀᬗ㓄ྥᛶ⤖ࠊࡋణࠋࡿ࡞࡜ᚲせࡀ

㉸ఏᑟ≉ᛶࡢ␗᪉ᛶࡶᙉࠊࡾ࡞ࡃc ㍈࡟ᖹ⾜࡞☢

ሙࡀ༳ຍ࡜ࡿࢀࡉ Jc ᚲࡀὀព࡛ࡢࡿ࡞ࡃࡉᑠࡣ

せ࡛ࠋࡿ࠶⤖ᬗ㓄ྥࡿࡏࡉᡭἲࡣ Bi-2212 ࡜ Bi-
2223 Bi-2212ࠋࡿ࡞␗ࡋᑡ࡛࡜ ࡉ⼥⁐㒊ศࠊࡣ࡛

ᬗ⤖࡚ࡗἢ࡟㠃⏺ࡢ࡜ࢫ࣮ࢩ෭༷㐣⛬࡛㖟࡚ࡏ

⢊ᮎ࡛࡜ࡇࡿࡍ࡜ከⰺ⥺ᮦࠊ࡚ࡗᚑࠋࡿࡍᡂ㛗ࡀ

඘ሸ㒊ࠊࡤࢀ࡞ࡃ⊂ࡀ⤖ᬗࡣ⥺ᮦࡢ㛗ᡭ᪉ྥྥ࡟

Bi-2212ࠋ[57]ࡿࡍᡂ㛗࡚ࡗᥞࡣᗘ⛬ࡿ࠶࡚ࡗ࠿ ⥺

ᮦཬࡧBi-2223⥺ᮦࡶࢀࡎ࠸ࡢከⰺᵓ㐀࡛〇㐀ࡉ

ᅗࡣฎ⌮ᚋ⇕ࠊࡀࡿ࠸࡚ࢀ 19 ᬗ⤖࡟࠺ࡼࡍ♧࡟

ᡂ㛗ࡾࡼ࡟㉸ఏᑟࡿࡍྜ⤖ࡣࢺ࣓ࣥࣛ࢕ࣇ≧ែ

ⓗ┠ࢆᦆኻపῶ࡞㟁☢Ẽⓗࡢᮏ᮶ࠊ[58]࡛ࡢࡿ࡞࡜

Bi-2223ࠊࡓࡲࠋ࠸࡞ࡣ࡛ࡢࡶࡓࡋ࡜ ࡣ Bi-2212
ࠊࡵࡓࡴ㐍ࡀໟᬗ཯ᛂ࡛⤖ᬗᡂ㛗ࡓࡋ࡜๓㥑యࢆ

཯ᛂᚋࡢ⤖ᬗ⤌⧊࡟ࡽࡉࡣ」㞧ࠋࡿ࡞࡟ᚑࠊ࡚ࡗ

⤖ᬗᡂ㛗࡜ᅽᘏࢆ஺஫ࡾ⧞࡟㏉࡚ࡋᶵᲔⓗ࡟⤖

ᬗ᪉఩ࢆ▹ṇࡿࡍᡭἲࠊࢀࡽ࡜ࡀ⥺ᮦࡣᖹⷧࢸࡢ

⤌ࡢᅽᘏ࡜⌮ฎ⇕ࡢࡇࠊࡋ࠿ࡋࠋࡿ࡞࡜≦ᙧࣉ࣮

⤖≦ᯈࠊ࡜ࡿࡍ⌮኱Ẽ୰࡛⇕ฎࡣ࡛ࡅࡔࡏࢃྜࡳ

ᬗ࡟࣒ࢲࣥࣛࡣᡂ㛗࡚ࡋ✵㝽ࡢከࠋࡿ࡞࡜⧊⤌࠸

⣙ࠊ࡛ࡇࡑ 300 Ẽᅽࢫ࢞ࡢᅽ࡛ຍᅽ↝ᡂ࡜ࡇࡿࡍ

࡛኱ᖜ࡟✵㝽ࠊࡁ࡛ࡀ࡜ࡇࡍࡃ↓ࢆJc ྥ࡟኱ᖜࡀ

㸦ᅗࡓࡋୖ 20㸧[59]࡟ࡽࡉࠋ⥺ᮦ〇㐀ࡢṌ␃ࡶࡾࡲ

Bi-2223ࠊ࡛࡜ࡇࡓࡁ࡛ୖྥ ⥺ᮦࡢᕤᴗ〇ရࡋ࡜

Bi-2223ࠋࡓࡗࡲ⦰࡟Ẽ୍ࡀ㊥㞳ࡢ࡚ ⥺ᮦ࣮ࢸࡣ

㛤Ⓨ࡟ࡧࡽ࡞ఫ཭㟁ᕤ࡛〇㐀㈍኎࡚ࡋ࡜ᑟయࣉ

࡜ࡇࡿ࠶㖟࡛࠸࠿ࡽᰂࡀᇶᮦࠋࡿ࠸࡚ࢀࡽࡵ㐍ࡀ

࠸ⷧ࡟ࡵࡓࡿࡵ㧗ࢆᙉᗘࠊࡽ࠿ Ni ྜ㔠ࡸ Cu ྜ

㔠ࢆࣉ࣮ࢸ୧㠃࡟ᙇࡾ௜࡚ࡅ⿵ᙉࠋ[60]ࡿ࠸࡚ࢀࡉ

㧗ᙉᗘࡽࢀࡇ Bi-2223 NIMSࠊࡣᮦ⥺ࣉ࣮ࢸ  ࡢ
1020 MHz-NMR ⏝ࡸ[59]ࢺࢵࢿࢢ࣐ᮾ໭኱Ꮫࡢ

 
ᅗ 20. Bi-2223  ຠᯝ(a)ࡢຍᅽ↝ᡂࡢᮦ⥺ࣉ࣮ࢸ

኱Ẽ↝ᡂ, (b) ຍᅽ↝ᡂ[58]ࠋ 

 
ᅗ 18. Bi ⣔㉸ఏᑟయࡢ⤖ᬗᵓ㐀[56]㸬 

 
ᅗ 19. Ag ࢫ࣮ࢩ Bi-2212 ከⰺ⥺ᮦࡢ⇕ฎ⌮

ᚋࡢ㉸ఏᑟࠋ[58]ࢺ࣓ࣥࣛ࢕ࣇ 
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↓෭፹ࡢ 25T ㉸ఏᑟ᭱ࡢࢺࢵࢿࢢ࣐ෆᒙࣝ࢖ࢥ

 ࠋࡿ࠶ࡶᛂ⏝஦౛ࡢ࠿ࡘࡃ࠸࡟᪤ࠊ࡝࡞[61]
୍᪉ࠊBi-2212 ⥺ᮦࡣ Bi-2223 ⥺ᮦࡾࡼ Tc ࡀ

పࠊࡀ࠸ᴟప ࡛ࡢ Bc2 ࣊ᾮయࠊࡽ࠿࡜ࡇ࠸㧗ࡀ

ᮇᚅࡀ⏝ᛂࡢ࡬ࢺࢵࢿࢢ࣐㧗☢ሙࡢ෭༷࣒࢘ࣜ

Bi-2212ࠋࡿ࠸࡚ࢀࡉ ࡣຍᅽ↝ᡂἲࡶ࡚࠸࠾࡟ Jc
㏆࡛᭱ࡓࡲࠋ[62]ࡿ࠶᭷ຠ࡛࡚ࡵᴟ࡟ࡵࡓࡿࡵ㧗ࢆ

ࡀ㉸ᚤ⣽໬ࡢཎᩱ⢊ᮎࡿࡼ࡟ἲ࣮ࣞࣉࢫࣀࢼࡣ

ᅗࠊ࡚ࢀࡽ㉸ఏᑟ┦ࡢࡾࡓ࠶ Jc ࡀ 4.2K ཬࡧ 15T
ࡣ࡛ 6,640A/mm230ࠊT ࡣ࡛ 4,670A/mm2࡜㠀ᖖ

㖡㓟໬≀⣔㉸ఏᑟࠋ[63]ࡿ࠸࡚ࢀࡉሗ࿌ࡀ್࠸㧗࡟

⥺ᮦࡢ୰࡛ࡣ၏୍࡟୸⥺ᮦ᳨࡚ࡋ࡜ウࡀ㐍࡛ࢇ

ḟୡ௦ࡣࡽ࠿ศ㔝ࡢ⌮≀࣮ࢠࣝࢿ࢚㧗ࠊࡵࡓࡿ࠸

ࣝࣈ࣮ࢣࢻ࣮࢛ࣇࢨࣛ⏝▼☢⏝㧗☢ሙຍ㏿ჾࡢ

ࡸᡤ✲◊࣮ࣞࢡ࣮ࣂࢫ࣮ࣥࣞࣟࡀ✲◊ࡸヨసࡢ

⡿ᅜ࣑࢙ࣝࣇᅜ❧ຍ㏿ჾ◊✲ᡤ࡛㐍࠸࡚ࢀࡽࡵ

ࠋᡃ[65 ,64]ࡿ ࡛⥺᫛࿴㟁ࡣᅜ࡛ࡀ Bi-2212 ⥺ᮦࡢヨ

స࡜㛤Ⓨࠊࡀࡓ࠸࡚ࢀࢃ⾜ࡀ⌧ᅾࡣṧᛕࡽࡀ࡞஦

ᐇୖ୰Ṇࡿ࠸࡚ࢀࡉ≧ἣ࡛ࠋࡿ࠶⡿ᅜ࡛ࡣᪧ OST
♫㸦⌧ Bruker-OST ♫㸧࡛ᘬࡁ⥆ࡁ〇㐀㈍኎ࡀ⥔

ᣢࠋࡿ࠸࡚ࢀࡉ 

4.2. ᕼᅵ㢮⣔⥺ᮦ㸦RE-123㸧 

⣙ࡿ࠼㉸ࢆᾮయ❅⣲ ᗘ㸦77K㸧࡚ࡵึ 90K ࡢ

Tc ࡘࡶࢆ Y ⣔㉸ఏᑟయ㸦YBa2Cu3Ox㸧࣮ࣗࣄࡣ

 ࡓࢀࡉⓎぢࡾࡼ࡟ࣉ࣮ࣝࢢ✲◊ࡢࡽ኱Ꮫࣥࢺࢫ

Yࠊࡣ㉸ఏᑟయࡢࡇࠋ[66] ࢆࢺ࢖ࢧ Nd ࡽ࠿ Lu ࡲ

ࠊࡁ࡛ࡀ࡜ࡇࡿ࠼᥮ࡁ⨨࡟ᕼᅵ㢮ඖ⣲ࡢ࡚࡭ࡍ࡛

୍㒊ࢆ㝖ࡌྠ࡚࠸ᵓ㐀㸦RE-123㸧࡛ 85㹼95K ࡢ

Tc Biࠊᙜึࠋ[67]ࡿࢀࡽᚓࡀ ⣔ྠ࡜ᵝ࡟ Ag ࢆ⟶

ࡓ࠸⏝ PIT ἲࡿࡼ࡟⥺ᮦ໬ࠋࡓࢀࡲ⤌ࡾྲྀ࡟㖡㓟

໬≀⣔≉᭷ࡢᒙ≧ࡢ⤖ᬗᵓ㐀࡛㉸ఏᑟ≉ᛶ࡟␗

᪉ᛶࠊࡀࡿ࠶ࡣBi ⣔ࡾ࡞␗ࡣ࡜⢏≧⤖ᬗ࡛ࡇࡿ࠶

⏝฼ࢆᶵᲔⓗᅽᘏࡾࡓࡋ⏝฼ࢆᬗᡂ㛗⤖ࡽ࠿࡜

࠸పࠊࡎࡁ࡛ࡀ࡜ࡇࡿࡏࡉᬗ㓄ྥ⤖࡚ࡋࡾࡓࡋ Jc
࠺ᢸࢆ㉸ఏᑟ㟁ὶࠊ࡟ࡽࡉࠋࡓࡗ࠿࡞ࢀࡽᚓ࠿ࡋ

CuO2 㠃ࢆ⥺ᮦࡢ㛗ᡭ᪉ྥ࡟ᥞࠊࡃ࡞࡛ࡅࡔࡿ࠼

㠃ෆࡢഴゅࡶᥞ࡚࠼஧ḟඖ㸦୕ḟඖ㸧࡟㓄ྥࡏࡉ

ᅗࠋࡿ࠶ࡀᚲせࡿ 21 ഴゅࡢ㠃ෆࠊ࡟࠺ࡼࡍ♧࡟

ࡀ 5 ᗘ࡜ࡿࢀࡎ Jc ࠺ࡲࡋ࡚ࡋ᱆ῶᑡ୍ࡑࡼ࠾ࡣ

ࡿ࠶࡛⾡ᮦ໬ᢏ⥺࡞ⓗ⯡୍ࡢᚑ᮶ࠊࡵࡓࡢࡑࠋ[68]

ᘬᢤࡁຍᕤἲࡢ㐺⏝ࡀ㞴ࠊࡃࡋ༢⤖ᬗᇶᯈୖ࢚࡟

࡟ࢫࢭࣟࣉ⭷ᡂ࡞࠺ࡼࡿࡏࡉᡂ㛗ࣝࣕࢩ࢟ࢱࣆ

㔠ࡢ࡝࡞࢖ࣟࢸࢫࣁࠋ[69]ࡓࢀࡽࡵ㐍ࡀᮦ໬⥺ࡿࡼ

ᒓ࡟ୖࡢࣉ࣮ࢸᣑᩓ㞀ቨ࣮࢓ࣇࢵࣂࡿ࡞࡜ᒙࢆ

⤖ᬗ㓄ྥ࡚ࡏࡉᡂ⭷ࡢࡑࠊࡋ⾲㠃࡟㉸ఏᑟ⭷࢚ࢆ

㐃ࡀ⌮ᡂ⭷ฎࡢ㸰ẁ㝵ࠋࡿࡏࡉᡂ㛗ࣝࣕࢩ࢟ࢱࣆ

⥆ⓗࠊࢀࢃ⾜࡟㸯ẁ┠࣮࢓ࣇࢵࣂࡢᒙࡢᡂ⭷ࡣ

IBAD㸦Ion Beam Assisted Deposition㸧ἲ࡜࿧ࡤ

ࡵᩳ࡚ࡋᑐ࡟᪉ྥ<111>ࡢᬗ⤖ࠋࡿ࠸࡚ࢀ 55 ᗘࡢ

<111>᪉ྥࡽ࠿ Ar ࡽࡀ࡞ࡋᑕ↷ࢆ࣒࣮ࣅࣥ࢜࢖

YSZ㸦ZrO2:Y2O3㸻92:8㸧ࢱࢵࣃࢫࢆ⵨╔ࠊ࡜ࡿࡍ

ࡢᐃ᪉ྥ≉࡟ᇶᮦୖࡢ㓄ྥ࣒ࢲࣥࣛ YSZ ⤖ᬗ⢏

ࡑࠋࡿࢀࡉᙧᡂࡀ⭷ᬗ㓄ྥ⤖ࡓࡋ✚ሁ࡟㑅ᢥⓗࡀ

ࢢࣥࢳࢵ࢚࡛ࢢࣥࣜࢿࣕࢳࣥ࢜࢖ࠊ࡚ࡋ࡜⏤⌮ࡢ

ᬗ⢏⤖ࡢ᪉఩ࢢࣥࣜࢿࣕࢳࠊࢀࡲ⏕ࡀᕪ࡟ࢺ࣮ࣞ

ࠋ᭱[70]ࡿ࠶ࡀ᪉࠼⪄࠺࠸࡜ࡿࡍ␃ṧࡀ ㏆࡛ࡣ YSZ
࡞⬟ྍࡀ⭷㧗㏿ᡂࡾࡼ MgO ࡋ࡜ᒙ࣮࢓ࣇࢵࣂࡀ

ࡢ┠㸰ẁࡢᚋࡢࡑࠋ[71] ࡿ࠸࡚ࢀࡽ࠸⏝࡚ RE-123
ᒙࡣ PLD㸦Pulsed Laser Deposition㸧ἲ ࡸ[72]

TFA-MOD㸦Trifluoro Acetates-Metal Organic 

 
ᅗ 22. RE-123  ࠋᵓ㐀[71]ࡢᮦ⥺ࣉ࣮ࢸ

 
ᅗ 21. Y-123 ⤖ᬗⷧ⭷ࡢ⤖ᬗ⢏⏺ࡢഴゅ࡜

Jc  ࠋ㛵ಀ[68]ࡢ

㸲㸫 11㸲㸫 10



Deposition㸧ἲ  MOCVD㸦Metal Organicࠊ[73]
Chemical Vapor Deposition㸧ἲ[74]࡛࡝࡞㐃⥆ᡂ

ᅗࠋࡿ࠸࡚ࢀࡉ⭷ 20 ࡢ㏆᭱ࡣ RE-123 ⥺ࣉ࣮ࢸ

ᮦࡢᵓ㐀࡛ࠋࡿ࠶ᐇ㝿ࡣ࡟㔠ᒓᇶᮦࢵࣂࡣ࡟ୖࡢ

࡜ᒙ࣮࢓ࣇ RE-123 ᒙࡢ㸰✀㢮࡛ࡢᩘ「ࠊࡃ࡞ࡣ

㓟໬≀ᒙࡸᏳᐃ໬ࡢࡵࡓࡢ Ag ᒙࡸ Cu ࡉྜ「ࡶ

࡞࠺ࡼࡢࡇࠋ[71]ࡿ࠸࡚ࡋ࿊ࢆᵓ㐀࡞㞧「࡚ࢀ RE-
123 77Kࠊࡣᮦ⥺ࣉ࣮ࢸ ࡛㧗࠸ Jc ࡜ࡿࢀࡽᚓࡀ

☢㧗ࡘᴟప ୟࡢ࡝࡞ᗘ ࣒࢘ࣜ࣊ᾮయࠊ࡟ࡶ࡜

ሙ࡛᭱ࡶ㧗࠸ Jc ࠋࡿ࠶㉸ఏᑟ⥺ᮦ࡛ࡿࢀࡽᚓࡀ

᭱㏆࡛ࡣேᕤࡢࣥࣆᑟධࡶ࡟ᡂຌࠊࡋJc ࡜ୖྥࡢ

␗᪉ᛶࡀⱝᖸపῶ࡞࠺ࡼࡢࡇࠋࡿ࠸࡚ࢀࡉ RE-
123 ࡣᮦ⥺ࣉ࣮ࢸ 2G conductor ࡀᡃࠊࢀࡤ࿧࡜

ᅜ࡛ࡣ Fujikuraࠊఫ཭㟁ᕤࠊ᫛࿴㟁⥺ࠊSuper OX
ࡢἙ㟁ᕤ㈨ᮏྂࡣ⡿ᅜ࡛ࠊ♫ SuperPower ⊃ࠊ♫

ᅜ࡛ࡣ Bruker ࡸ♫ THEVA ᾏ㉸ୖࡣ୰ᅜ࡛ࠊ♫

ఏᑟ♫ࠊ㡑ᅜ࡛ࡣ SuNAM ᩘ「࡟ୡ⏺ⓗࠊ࡝࡞♫

ࠋ[75]ࡿ࠸࡚ࢀࡉࡶᕷ㈍ࢀࢃ⾜ࡀ㛤Ⓨ࡛࣮࣮࣓࢝ࡢ

Bi ⣔ࡢᵝ࡟ Ag Ᏻ౯࡛ࡽ࠿࡜ࡇ࠸࡞ࢃ౑࡟ᇶᮦࢆ

ࡢ⣭ࣝࢺ࣮࣓ࣟ࢟ࠊࡀࡿ࠸࡚ࢀࡉᮇᚅࡀ࡜ࡇࡿ࠶

㛗ᑻ࡛ᆒ୍࡞ᛶ⬟ࢆᚓࡣࡢࡿ౫↛࡚ࡋ࡜㞴ࠊࡃࡋ

ሙᆒ୍ᗘ☢࠸㧗ࡸ⏝஺ὶᛂࡢ࡝࡞㟁ຊᶵჾࡓࡲ

࣮ࢸࡢᖜᗈࠊࡣ࡟ࢺࢵࢿࢢ࣐㧗☢ሙࡿࡍ࡜ᚲせࢆ

㐽ⶸ㟁ὶࡿࢀࡉㄏᑟ࡟㉸ఏᑟᒙ࡟ࡵࡓࡢ≦ᙧࣉ

࠸࡚ࡗ࡞࡜ၥ㢟ࡀᙳ㡪ࡢ୙ᩚ☢ሙࡿࡼ࡟ࣉ࣮ࣝ

࢖ࣛࢡࢫ࡟ࡵࡓࡢపῶࡢ஺ὶᦆኻࡸ㐽ⶸ㟁ὶࠋࡿ

ࠊ[76]ࡀࡿ࠸࡚ࢀࡽࡳヨࡀ⣽ศ໬ࡿࡼ࡟⾡ᢏࢢࣥࣅ

ษ᩿㒊㏆ഐࡢ㉸ఏᑟ⭷ࠊࡃࡍࡸࡅཷࢆࢪ࣮࣓ࢲࡣ

ࠊ࡝࡞ࡿ࡞ࡃࡍࡸࡋ๤㞳ࡽ࠿ᇶᮦࡀ⭷㉸ఏᑟࡓࡲ

ࡣᮇᚅࡢࡽ࠿᪉࡛ᛂ⏝ഃ୍ࠋ࠸ከࡣㄢ㢟ࡔࡲࡔࡲ

኱ࠊࡃࡁᾮయ❅⣲୰࡛኱㟁ὶࡀ㏻㟁࡛ࠊ࡛ࡢࡿࡁ

⡿ᅜࠊࢶ࢖ࢻࠊ㡑ᅜྛ࡝࡞࢔ࢩࣟࠊᅜ࡛ࠊࡣ」ᩘ

ࡢ RE-123 ࢣࡓࡅ௜ࡁᕳ࡟≦ࢇࡏࡽࢆᮦ⥺ࣉ࣮ࢸ

᳨ࡀ࡜ࡇࡿࡍ⏝ᛂ࡚ࡋ࡜ࣝࣈ࣮ࢣ㏦㟁ࢆࣝࣈ࣮

ウࠊࡓࡲࠋ[77]ࡿ࠸࡚ࢀࡉ᫖ᖺ㸦2021 ᖺ㸧ࢡ࢖࣐࡟

㢠࡛⥲ࡽ࠿࡝࡞♫ࢺࣇࢯࣟ 18 ൨ࣝࢻ㸦⣙ 2,040
൨෇㸧ࡢᕧ㢠࡞Ẹ㛫㈨㔠ࢆㄪ㐩࡚ࡋヰ㢟࡚ࡗ࡞࡟

ࣕࢳࣥ࣋ࡢᕤ⛉኱ᏛⓎࢶࢵࢭ࣮ࣗࢳࢧ࣐ࠊࡀࡿ࠸

ࡿ࠶࡛࣮ Commonwealth Fusion Systems ࠊࡣ♫

SPARC ⤌ࡾྲྀ࡟⌧ᐇࡢ⅔ྜ⼥ᑠᆺ᰾ࡿࢀࡤ࿧࡜

ࡢࡇࠋ[78]ࡿ࠸࡛ࢇ SPARC ㎸ࡌ㛢ࢆ࣐ࢬࣛࣉࠊࡣ

࡟▼☢㉸ఏᑟࡢࡵࡓࡿࡵ RE-123 ✚ࢆᮦ⥺ࣉ࣮ࢸ

ᒙࡓࡋ኱ᐜ㔞࣮࢟ࢣࣥࣃࡿࡼ࡟ࣝࣈ࣮ࢣᆺ࢖ࢥ

ᅜ㝿☢▼ᢏ⾡఍㆟ࡢ᫖ᖺࠊࡾ࠾࡚ࡋウ᳨ࢆࣝ

㸦MT27㸧࡛ࡣ 20K ࡛ 20T ࡓࡋᡂຌ࡟⏕ሙⓎ☢ࡢ

 ࠋ[79]ࡿ࠸࡚ࢀࡉሗ࿌ࡀ࡜ࡇ

5. MgB2 ⥺ᮦ 

MgB2 ࡣ 2001 ᖺ࡟㟷ᒣᏛ㝔኱ᏛࡢỌᯇ⣧࡟ࡽ

ࡾࡼ Tc ࡀ 39K ࡉࡔ࠸ぢࡀ࡜ࡇࡿ࠶㉸ఏᑟయ࡛ࡢ

ࣝࣉࣥࢩࡢ㸰ඖ⣔࡚ࡗ࡞␗࡜㖡㓟໬≀⣔ࠋ[80]ࡓࢀ

ᅗࡣᬗᵓ㐀⤖ࠊࡀࡿ࠶໬Ꮫ⤌ᡂ࡛࡞ 23 භࡍ♧࡟

᪉ᬗ࡛௚ࡢ㔠ᒓ㛫໬ྜ≀⣔㉸ఏᑟయྠ࡜ᵝ࡟ᒎ

ᘏᛶࠋ࠸࡞ࡣᚑࠊ࡚ࡗNb3Sn ⥺ᮦ࡛᭱ึ࡟

Kunzler ࡓࢀࡽࡳヨࡾࡼ࡟ࡽ PIT ἲࡀ⥺ᮦ໬ࣉ

MgB2ࠋࡿ࠸࡚ࡗ࡞࡜୺ὶ࡚ࡋ࡜ࢫࢭࣟ ࡢࡶࡢࡑ

ࡿࡍ඘ሸ࡟⟶㔠ᒓࢆ⢊ᮎࡢ Ex-situ ἲ[81]ࠊ࡜Mg
⢊ᮎ࡜B ⢊ᮎࢆ඘ሸࡿࡍ In-situ ἲ[82]ࠋࡿ࠶ࡀEx-
situ ἲࡢሙྜࠊᙜึࡣ㔠ᒓ⟶࡟⢊ᮎࢆ඘ሸࡔࡓࡋ

⌮ฎ⇕ࠊࡵࡓࡓࡁ࡛ࡀ࡜ࡇࡍὶࢆ㉸ఏᑟ㟁ὶ࡛ࡅ

୙せࡀᮇᚅ࡟ࡽࡉࠋࡓࢀࡉ඘ሸ⢊ᮎࡢᐦᗘࢆ㧗ࡵ

࡝࡯ࡿ Jc ࣥࢸࢫ࠸◳࡚ࡋ࡜ᮦࢫ࣮ࢩࠊࡋୖྥࡀ

࠿ࡋࠋࡓ࠸࡚ࢀࡽ࠸⏝ࡣ࡟㛤Ⓨึᮇࡀ࡝࡞ࢫࣞ

⇕ࡃࡁ኱ࡀṧ␃᢬ᢠࡢ࡛ ᴟపࡣࢫࣞࣥࢸࢫࠊࡋ

ఏᑟࡶᝏࠊ᭱ࡵࡓ࠸ ㏆࡛ࡣ Fe ࡸ Niࡣ࠸ࡿ࠶ࠊ Ni-
Cu ྜ㔠࣮ࢩࡀ࡝࡞ࣝࢣࢵࢽࣟࣉࣗ࢟ࡸࣝࢿࣔࡢ

ࡿࡍᙉ໬ࢆྜ⤖ࡢ⢏㛫࡟ࡽࡉࠊࢀࢃ౑࡚ࡋ࡜ᮦࢫ

 
ᅗ 23. MgB2㉸ఏᑟయࡢ⤖ᬗᵓ㐀 [80]ࠋ 

Ex-situࠋࡿ࠸࡚ࢀࡉ᪋ࡀ⌮ฎ⇕࡟ࡵࡓ ἲ࡛ࡣ඘

ሸࡿࡍ MgB2⢊ᮎࡢရ㉁ࡀࢬ࢖ࢧࡸ኱ࡃࡁᛶ⬟࡟

ᙳ㡪ࠋ୍ࡿࡍ ᪉ࠊIn-situ ἲ࡛ࡣ㔠ᒓ⟶࡟ Mg ⢊ᮎ

࡜ B ⢊ᮎࢆ඘ሸ࡚ࡋఙ⥺ຍᕤࡓࡗ⾜ࢆᚋ࡟ᣑᩓ

཯ᛂࠋࡿࡏࡉ඘ሸศ⢊ᮎࡣ⣽࡝࡯࠸࠿ዲ࠸ࡋࡲ

Mgࠊࡀ ↓ࡣ〇㐀ࡢᚤ⢊ᮎ࡟ࡵࡓ࠸ࡍࡸࡋ㓟໬ࡣ

ࡀᖹᆒ⢏ᚄࠋࡿ࠶ࡀ⌮ 50 ࡀ⢊ᮎࡢᗘ⛬ࣥࣟࢡ࣑

୍⯡ⓗ࡟ᕷ㈍ࠋࡿ࠸࡚ࢀࡉB ⢊ᮎࡣ⤖ᬗ໬ࡓࡋ⢊

ᮎࡾࡼ㠀ᬗ㉁ࡢ⢊ᮎࡢ᪉ࡀ Mg 㧗ࡀ཯ᛂᛶࡢ࡜

㠀ᬗ㉁ࠊࡃ B ⓗ⯡୍ࡀሙྜࡿࡍ⏝౑࡚ࡋ࡜ཎᩱࢆ

Bࠋࡿ࠶࡛ ࡢᅜྠࠊࢀࡉฟ⏘ࡃከ࡛ࢥࣝࢺࡣ

Pavezyum㸦PVZ㸧♫࡛ᩘ༑ nm ࡢࢬ࢖ࢧࣀࢼ࡜

㠀ᖖ࡟⣽࠸࠿㠀ᬗ㉁ B ⢊ᮎࡀ〇㐀࣭㈍኎࠸࡚ࢀࡉ

㸦ᅗࡿ 24㸧[83]ࠋMg ⢊ᮎ࡜ B ⢊ᮎࡢ⢏ᚄࡢ᱁ᕪࡣ

኱ࠊࡃࡁ୧⪅ࡀᆒ㉁࡟ΰࠊࡶࡾࡼ࠺࠸࡜ࡿࡊ኱ࡁ

࡞࠺ࡼࡃࡘࡾࢃ࡜ࡲࡀB⢊ᮎ࠸࠿⣽࡟Mg⢊ᮎ࡞

≧ែ࡛࡜ࡿ࠶ᛮࠋࡿࢀࢃMgB2 ࡢࡵࡓࡿࡍᡂ⏕ࢆ

཯ᛂ ᗘࡣ 650Υ⛬ᗘ࡛ಖᣢ᫬㛫ࡶ 30 ศ㹼ᩘ᫬

㛫࡟ࡽࡉࠋ࠸▷࡜ MgB2࡟ C㸦Ⅳ⣲㸧ࢆῧຍࡿࡍ

Tcࠊ࡜ ࡣ 35K ⛬ᗘ࡛ࡲపୗࠊࡀࡿࡍBc2㸦4.2 K㸧

ࠋࡿࡍୖྥࡶJcࡢ㧗☢ሙୗࡋୖྥ࡛ࡲࡃ30T㏆ࡀ

C ῧຍࡢຠᯝࡣ SiC ῧຍࠋ[84]ࡿ࠸࡚ࢀࡽ▱ࡃࡼࡀ

SiC ῧຍࡢሙྜࠊ๪⏕ᡂ≀࡚ࡋ࡜ᚤ⣽࡞ Mg2Si ໬
࡞ᚤ⣽ࡢࡇࠋࡿࢀࡉᡂ⏕ࡀ≀ྜ Mg2Si ࡣ MgB2ࡢ

⤖ᬗ⢏ࡢᚤ⣽໬࡟ຠᯝࠊࡀࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡀ

Mg Siࠋ࠺ࡲࡋ࡚ࡋ㈝ᾘ࡟వィࢆ ࣟࢥ࠸࡞ࡲྵࢆ

ࡢ࡝࡞㸦C14H10㸧ࣥࢭࣛࢺࣥ࢔ࡸ㸦C24H12㸧ࣥࢿ

Ⅳ໬Ỉ⣲ࢦࣥࣜࡸ㓟㸦C4H6O5㸧ࡿࡼ࡟࡝࡞ C ῧ

ຍ࡛ࡶ㧗☢ሙୗࡢ Jc ࢀࡽࡵㄆࡀຠᯝࡿࡍୖྥࡀ

ࠊࡓࡲࠋ[85]࠸࡞ࡣ࡛࠿ࡽ᫂ࡣヲ⣽ࡢ཯ᛂࠊࡀࡿ࠸࡚

Mg ⢊ᮎࡢ௦࡟ࡾࢃ Mg Წࢆཎᮦᩱࡿ࠸⏝࡟ IMD

㸦Internal Magnesium Diffusion㸧ἲ࡜࿧ࡿࢀࡤ

〇ἲ࡛ࡢ⥺ᮦ㛤Ⓨࡶ NIMS ࡛㐍ࠋࡿ࠸࡚ࢀࡽࡵᚤ

⣽࡞ B ⢊ᮎ࡟ࢺࢡࣃࣥࢥࡀࡳࡢ඘ሸࡓࢀࡉ㡿ᇦ

ࡓࢀࡉ⨨㓄࡟ᮦ୰ኸ⥺ࠊ࡟ Mg Წࡽ࠿ Mg ᣑᩓࡀ

ࡢ⧊⤌࡞ᐦ⦔ࡵࡓࡿࡍ MgB2 ࠊࡃࡍࡸࢀࡽᚓࡀ

MgB2 ໬ྜ≀ࡢࡾࡓ࠶ Jc ࠸࡚ࢀࡽᚓࡀ್࠸㧗ࡣ

Mgࠊࡋణࠋࡿ Წࡓࡗ࠶ࡀ⥺ᮦ୰ኸ㒊ࠊࡣ࡟⇕ฎ

⌮ᚋ࡟኱ࠋ[85]࠺ࡲࡋ࡚ࡁ࡛ࡀࢻ࢖࣎࡞ࡁ 
⌧ᅾࠊᕷ㈍ࡿ࠸࡚ࢀࡉ MgB2⥺ᮦࡣ PIT ἲ⥺ᮦ

ࡢ࢔ࣜࢱ࢖ࠋࡿ࠶࡛ࡳࡢ ASG Ex-situࠊࡣࡽ࠿♫
ἲ MgB2⥺ᮦࡀ〇㐀࣭㈍኎ࠋࡿ࠸࡚ࢀࡉ᪤࣮࢜࡟

ᆺࣥࣉ MRI ࠊࡓࡲࠋ[86]ࡿ࠶ࡀ⦼ᐇࡓࢀࡉ⏝ᛂ࡟

CERN ࡢ LHC ຍ㏿ჾࡢ㧗㍤ᗘࢻ࣮ࣞࢢࣉࢵ࢔☢

ィ⥲ࡿࡏࡉࢡࣥࣜ࡟▼ 100kA ࣮ࢣ㏦㟁ࡿ࠼㉸ࢆ

2020ࠊࢀࡉ⏝᥇࡚ࡋ࡜ࣝࣈ ᖺ࡟ 60m ࡢ 58.8kA
ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹࡀࣝࣈ࣮ࢣࣉ࢖ࢱࢺࣟࣉ

ᅗࠋࡿ࠸࡚ࢀࡉ 25㸦a㸧ࡣ AGS ♫〇 Ex-situ ἲ

MgB2 ⣲⥺᩿ࡢ㠃෗┿ࠊ㸦b㸧ࡣ㞟ྜ໬ࡢࣝࣈ࣮ࢣ

᩿㠃෗┿࡛ࠋ[87]ࡿ࠶ 

 
ᅗ 24. PVZ ♫࡛〇㐀㈍኎ࢬ࢖ࢧࣀࢼࡿࢀࡉ

㠀ᬗ㉁ࡢ B ⢊ᮎ[83]ࠋ 

 
ᅗ 25. HL-LHC ㉸ఏᑟࣜࣥ࡟ࢡ᥇⏝ࡓࢀࡉ

(a) AGS ♫〇 Ex-situ ἲ MgB2⣲⥺ཬࡧ(b)
 ࠋ[88] ࣝࣈ࣮ࢣ㞟ྜ໬ࡢࡑ
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Ex-situࠋࡿ࠸࡚ࢀࡉ᪋ࡀ⌮ฎ⇕࡟ࡵࡓ ἲ࡛ࡣ඘

ሸࡿࡍ MgB2⢊ᮎࡢရ㉁ࡀࢬ࢖ࢧࡸ኱ࡃࡁᛶ⬟࡟

ᙳ㡪ࠋ୍ࡿࡍ ᪉ࠊIn-situ ἲ࡛ࡣ㔠ᒓ⟶࡟ Mg ⢊ᮎ

࡜ B ⢊ᮎࢆ඘ሸ࡚ࡋఙ⥺ຍᕤࡓࡗ⾜ࢆᚋ࡟ᣑᩓ

཯ᛂࠋࡿࡏࡉ඘ሸศ⢊ᮎࡣ⣽࡝࡯࠸࠿ዲ࠸ࡋࡲ

Mgࠊࡀ ↓ࡣ〇㐀ࡢᚤ⢊ᮎ࡟ࡵࡓ࠸ࡍࡸࡋ㓟໬ࡣ

ࡀᖹᆒ⢏ᚄࠋࡿ࠶ࡀ⌮ 50 ࡀ⢊ᮎࡢᗘ⛬ࣥࣟࢡ࣑

୍⯡ⓗ࡟ᕷ㈍ࠋࡿ࠸࡚ࢀࡉB ⢊ᮎࡣ⤖ᬗ໬ࡓࡋ⢊

ᮎࡾࡼ㠀ᬗ㉁ࡢ⢊ᮎࡢ᪉ࡀ Mg 㧗ࡀ཯ᛂᛶࡢ࡜

㠀ᬗ㉁ࠊࡃ B ⓗ⯡୍ࡀሙྜࡿࡍ⏝౑࡚ࡋ࡜ཎᩱࢆ

Bࠋࡿ࠶࡛ ࡢᅜྠࠊࢀࡉฟ⏘ࡃከ࡛ࢥࣝࢺࡣ

Pavezyum㸦PVZ㸧♫࡛ᩘ༑ nm ࡢࢬ࢖ࢧࣀࢼ࡜

㠀ᖖ࡟⣽࠸࠿㠀ᬗ㉁ B ⢊ᮎࡀ〇㐀࣭㈍኎࠸࡚ࢀࡉ

㸦ᅗࡿ 24㸧[83]ࠋMg ⢊ᮎ࡜ B ⢊ᮎࡢ⢏ᚄࡢ᱁ᕪࡣ

኱ࠊࡃࡁ୧⪅ࡀᆒ㉁࡟ΰࠊࡶࡾࡼ࠺࠸࡜ࡿࡊ኱ࡁ

࡞࠺ࡼࡃࡘࡾࢃ࡜ࡲࡀB⢊ᮎ࠸࠿⣽࡟Mg⢊ᮎ࡞

≧ែ࡛࡜ࡿ࠶ᛮࠋࡿࢀࢃMgB2 ࡢࡵࡓࡿࡍᡂ⏕ࢆ

཯ᛂ ᗘࡣ 650Υ⛬ᗘ࡛ಖᣢ᫬㛫ࡶ 30 ศ㹼ᩘ᫬

㛫࡟ࡽࡉࠋ࠸▷࡜ MgB2࡟ C㸦Ⅳ⣲㸧ࢆῧຍࡿࡍ

Tcࠊ࡜ ࡣ 35K ⛬ᗘ࡛ࡲపୗࠊࡀࡿࡍBc2㸦4.2 K㸧

ࠋࡿࡍୖྥࡶJcࡢ㧗☢ሙୗࡋୖྥ࡛ࡲࡃ30T㏆ࡀ

C ῧຍࡢຠᯝࡣ SiC ῧຍࠋ[84]ࡿ࠸࡚ࢀࡽ▱ࡃࡼࡀ

SiC ῧຍࡢሙྜࠊ๪⏕ᡂ≀࡚ࡋ࡜ᚤ⣽࡞ Mg2Si ໬
࡞ᚤ⣽ࡢࡇࠋࡿࢀࡉᡂ⏕ࡀ≀ྜ Mg2Si ࡣ MgB2ࡢ

⤖ᬗ⢏ࡢᚤ⣽໬࡟ຠᯝࠊࡀࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡀ

Mg Siࠋ࠺ࡲࡋ࡚ࡋ㈝ᾘ࡟వィࢆ ࣟࢥ࠸࡞ࡲྵࢆ

ࡢ࡝࡞㸦C14H10㸧ࣥࢭࣛࢺࣥ࢔ࡸ㸦C24H12㸧ࣥࢿ

Ⅳ໬Ỉ⣲ࢦࣥࣜࡸ㓟㸦C4H6O5㸧ࡿࡼ࡟࡝࡞ C ῧ

ຍ࡛ࡶ㧗☢ሙୗࡢ Jc ࢀࡽࡵㄆࡀຠᯝࡿࡍୖྥࡀ

ࠊࡓࡲࠋ[85]࠸࡞ࡣ࡛࠿ࡽ᫂ࡣヲ⣽ࡢ཯ᛂࠊࡀࡿ࠸࡚

Mg ⢊ᮎࡢ௦࡟ࡾࢃ Mg Წࢆཎᮦᩱࡿ࠸⏝࡟ IMD

㸦Internal Magnesium Diffusion㸧ἲ࡜࿧ࡿࢀࡤ

〇ἲ࡛ࡢ⥺ᮦ㛤Ⓨࡶ NIMS ࡛㐍ࠋࡿ࠸࡚ࢀࡽࡵᚤ

⣽࡞ B ⢊ᮎ࡟ࢺࢡࣃࣥࢥࡀࡳࡢ඘ሸࡓࢀࡉ㡿ᇦ

ࡓࢀࡉ⨨㓄࡟ᮦ୰ኸ⥺ࠊ࡟ Mg Წࡽ࠿ Mg ᣑᩓࡀ

ࡢ⧊⤌࡞ᐦ⦔ࡵࡓࡿࡍ MgB2 ࠊࡃࡍࡸࢀࡽᚓࡀ

MgB2 ໬ྜ≀ࡢࡾࡓ࠶ Jc ࠸࡚ࢀࡽᚓࡀ್࠸㧗ࡣ

Mgࠊࡋణࠋࡿ Წࡓࡗ࠶ࡀ⥺ᮦ୰ኸ㒊ࠊࡣ࡟⇕ฎ

⌮ᚋ࡟኱ࠋ[85]࠺ࡲࡋ࡚ࡁ࡛ࡀࢻ࢖࣎࡞ࡁ 
⌧ᅾࠊᕷ㈍ࡿ࠸࡚ࢀࡉ MgB2⥺ᮦࡣ PIT ἲ⥺ᮦ

ࡢ࢔ࣜࢱ࢖ࠋࡿ࠶࡛ࡳࡢ ASG Ex-situࠊࡣࡽ࠿♫
ἲ MgB2⥺ᮦࡀ〇㐀࣭㈍኎ࠋࡿ࠸࡚ࢀࡉ᪤࣮࢜࡟

ᆺࣥࣉ MRI ࠊࡓࡲࠋ[86]ࡿ࠶ࡀ⦼ᐇࡓࢀࡉ⏝ᛂ࡟

CERN ࡢ LHC ຍ㏿ჾࡢ㧗㍤ᗘࢻ࣮ࣞࢢࣉࢵ࢔☢

ィ⥲ࡿࡏࡉࢡࣥࣜ࡟▼ 100kA ࣮ࢣ㏦㟁ࡿ࠼㉸ࢆ

2020ࠊࢀࡉ⏝᥇࡚ࡋ࡜ࣝࣈ ᖺ࡟ 60m ࡢ 58.8kA
ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹࡀࣝࣈ࣮ࢣࣉ࢖ࢱࢺࣟࣉ

ᅗࠋࡿ࠸࡚ࢀࡉ 25㸦a㸧ࡣ AGS ♫〇 Ex-situ ἲ

MgB2 ⣲⥺᩿ࡢ㠃෗┿ࠊ㸦b㸧ࡣ㞟ྜ໬ࡢࣝࣈ࣮ࢣ

᩿㠃෗┿࡛ࠋ[87]ࡿ࠶ 

 
ᅗ 24. PVZ ♫࡛〇㐀㈍኎ࢬ࢖ࢧࣀࢼࡿࢀࡉ

㠀ᬗ㉁ࡢ B ⢊ᮎ[83]ࠋ 

 
ᅗ 25. HL-LHC ㉸ఏᑟࣜࣥ࡟ࢡ᥇⏝ࡓࢀࡉ

(a) AGS ♫〇 Ex-situ ἲ MgB2⣲⥺ཬࡧ(b)
 ࠋ[88] ࣝࣈ࣮ࢣ㞟ྜ໬ࡢࡑ
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In-situ ἲ MgB2 ⥺ᮦࠊࡣ⡿ᅜࡢ HyperTech 
Research ࣉ࣮ࣝࢢ✲◊ࡢᕞ❧኱Ꮫ࢜࢖ࣁ࢜ࡀ♫

࡛ࢇ⤌ࡾྲྀ࡟ᮦ㛤Ⓨ⥺࡞άⓎ࡟ᣢ⥆ⓗࠊࡋ㐃ᦠ࡜

ᅗࠊࡣ࡛♫ྠࠋࡿ࠸ 26 ࣉ࣮ࢸ㔠ᒓ࡞࠺ࡼࡍ♧࡟

඘ࢆ⢊ᮎࡽࡀ࡞ࡋᡂᙧ࡟㐃⥆ⓗ࡟≦ࣈ࣮ࣗࢳࢆ

ሸࡿࡍ CTFF㸦Continuous Tube Forming and 
Filling㸧ἲࢆ㐺⏝ࡿ࠸࡚ࡋ≉ᚩࠋ[88]ࡿ࠶ࡀᅗ 27
ࡢ♫ྠࡣ MgB2⥺ᮦ୍ࡢ౛࡛ࣇࣈ࣮ࣗࢳࠊࡀࡿ࠶

ࡢᚋࢢ࣑࣮࢛ࣥ Nb ࡛࠺ࡼࡿ࠸࡚ࡋ᥋⁐ࡣ࢔ࣜࣂ

ࡅཷࢆ࡝࡞⦰ᅽࡿࡅ࠾࡟ຍᕤࣝࣈ࣮ࢣࠊ[89]ࡀࡿ࠶

࡟⡆༢࡜ࡿ Nb ࡀட⿣࡚ࡋᦆ◚ࡣ᥋㒊⁐ࡢ࢔ࣜࣂ

ࡓࡋ඘ሸࠊࡵࡓࡿࡌ⏕ Mg ⢊ᮎࡣ⇕ฎ⌮୰ࣜࣂ࡟

Cuࠊ࡚ࢀ₃࡟እ࢔ పୗࡀ⬟ᛶ࡚ࡋ཯ᛂࡃࡋⴭ࡜

 HyperTechࠊࡓࡲࠋ[90]ࡿ࠸࡚ࢀࡉᣦ᦬ࡀ࡜ࡇࡿࡍ
Research ࡢ㠃᩿ࡓఝࡃࡼ࡜ᮦ⥺ࡢ♫ MgB2 ⥺ᮦ

ࡢ㡑ᅜࡀ Sam Dong ♫࡛〇㐀࣭㈍኎ࡿ࠸࡚ࢀࡉ

㸦ᅗ 28㸧ࠋ㉸ఏᑟ≉ᛶࠋ[91]ࡿ࠶࡛➼ྠࡰ࡯ࡶణࠊࡋ

PIT࡞ⓗ⯡୍ࡣ♫ྠ ἲ࡛Nb⟶ࢆཎᮦᩱ࡚࠸⏝࡟

HyperTech Researchࠊࡵࡓࡿ࠸ ࡜ࡿࡍẚ㍑࡜♫

ẁ⌧ࠊࡣ࡚࠸࠾࡟ᅜࡀᡃࠋ࠸ࡃ࡟ࡋᦆ◚ࡣ࢔ࣜࣂ

㝵࡛ࡣ᪥❧〇సᡤ࡛ In-situ ἲ⥺ᮦࡢ㛤Ⓨࡀ㐍ࡵ

CERNࠊࡾ࠾࡚ࢀࡽ ࡜ KEK ࡚ࡋ࡜ඹྠ㛤Ⓨࡢ࡜

ࣥࣉ࣮࢜ࡸ▼☢ࢻ࢖ࣀࣞࢯ⏝ࣥࣟࢺࢫ࢜࢖ࣛࢡ

ᆺ MRI ᅗࠋ[92]ࡿ࠸࡚ࢀࡉሗ࿌ࡀヨసࡢࣝ࢖ࢥࡢ

29 ࡓࢀࡽ࠸⏝࡟ヨసࡽࢀࡑࡣ MgB2 ⥺ᮦ᩿ࡢ㠃

࡟እഃࡢᮦ⥺ࠋ[93]ࡿ࠶࡛ Cu-Ni ྜ㔠㸦Monel㸧ࢆ

౑ࡣࢁࡇ࡜࠺ HyperTech Research ࡸ♫ Sam 
Dong ࡣᮦ࢔ࣜࣂࠊࡀࡿ࠸࡚ࡋ㢮ఝ࡜♫ Nb ࡣ࡛

ࡃ࡞ Fe ࠸ࡋヲࠊࡶ࡟௚ࡢࡑࠋࡿ࠸࡚ࢀࡽ࠸⏝ࡀ

ෆᐜࡣ᫂ࠊࡀ࠸࡞ࡣ࡛࠿ࡽ㡑ᅜࡢ Kiswire ୰ࡸ♫

ᅜࡢ WST ࡶ࡛♫ In-situ ἲ MgB2 ⥺ᮦ◊✲㛤Ⓨ

 ࠋ[94 ,93]ࡿ࠶ࡀሗ࿌ࡿ࠸࡚ࢀࡽࡵ㐍ࡀ

 
ᅗ 29. ᪥❧〇సᡤ〇ࡢ In-situ ἲ MgB2⥺ᮦࡢ

᩿㠃୍ࡢ౛[93]ࠋ 

 
ᅗ 26. ⡿ᅜ HyperTech Research ࡀ♫ In-

situ ἲ MgB2⥺ᮦࡢ〇㐀ࡢຍᕤἲ࡚ࡋ࡜᥇

ࡿ࠸࡚ࡋ⏝ CTFF ἲ [89]ࠋ 
 
 

 
ᅗ 27. ⡿ᅜ HyperTech Research ♫〇ࡢ In-

situ ἲ MgB2⥺ᮦ᩿ࡢ㠃୍ࡢ౛ࠋ 
 
 

 
ᅗ 28. 㡑ᅜ Sam Dong ♫〇ࡢ In-situ ἲ

MgB2⥺ᮦ᩿ࡢ㠃୍ࡢ౛ࠋ 
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MgB2 ྜ⤖ᙅࡢ⏺⢏࡚ࡗ࡞␗࡜㓟໬≀⣔⥺ᮦࡣ

Ᏻࡀẚ㍑ⓗཎᮦᩱࠊ࡜ࡇࡿ࠶㍍㔞࡛ࠊ࡜ࡇ࠸࡞ࡀ

౯࡛ࠊ࡜ࡇࡿ࠶ᚑ᮶ࡢᘬᢤࡁຍᕤ࡛୸⥺ࡢ〇㐀ࡀ

࢝ࠋࡿࢀࡽࡵㄆࡀ฼Ⅼࡢᩘ「࡝࡞࡜ࡇࡿ࠶࡛⬟ྍ

ᐇࡢ఍♫࡞⬟ྍ⥆ᣢࡢ࡝࡞ࣝࣛࢺ࣮ࣗࢽ࣮ࣥ࣎

᪂ࡓࡋࣉࢵ࢔࢖ࢱ࡜ᾮయỈ⣲ࠊ௒ᚋࠊ࡚ࡅྥ࡟⌧

 ࠋࡿࢀࡉᮇᚅࡃࡁ኱ࡀᒎ㛤ࡢ࡬⏝ᛂ࠸ࡋ

6. 㕲⣔⥺ᮦ 

㕲⣔㉸ఏᑟయࡣ 2008 ᖺ࡟ᮾிᕤᴗ኱Ꮫࡢ⣽㔝

⚽㞝ࡾࡼࣉ࣮ࣝࢢ✲◊ࡢࡽⓎぢࠋ[95]ࡓࢀࡉᅗ 30
࠺ᢸࢆ㉸ఏᑟ࡞࠺ࡼࡍ♧࡟ FeAs 㠃ࡀ⤯⦕ᒙ࡛ᣳ

㖡㓟໬ࡣⅬࡢࡇࠊ[96]ࡕᣢࢆᬗᵓ㐀⤖ࡢ≦ᒙࡓࢀࡲ

≀⣔㉸ఏᑟయ࡜㢮ఝࠋࡿ࠸࡚ࡋ㕲⣔࡛㉸ఏᑟࢆ♧

1111ࠊࡣ࡟⩌ᬗᵓ㐀⤖ࡍ ᆺ㸦LaFeAsO1-xFx ࡸ
SmFeAsO1-xFx ࡝࡞㸧111ࠊ ᆺ㸦LiFeAs 11ࠊ㸧࡝࡞
ᆺ㸦FeSe ࡸ FeTe 122ࠊ㸧࡝࡞ ᆺ㸦BaFe2As2࡝࡞㸧

ࡢ 4 ✀㢮ࡀሗ࿌ࠋ[97]ࡿ࠸࡚ࢀࡉ☢ᛶࡍ♧ࢆඖ⣲ࢆ

࠸ẚ㍑ⓗ㧗ࡀ㉁≀ࡔࢇྵ Tc ⌮♏ᇶࠊࡵࡓࡍ♧ࢆ

ㄽࡸ≀ᛶ≀⌮ࡢศ㔝ࡽ࠿ᙉ࠸⯆࿡ࢆ㞟ࠋࡓࡵ㔠ᒓ

⣔࣮ࣃ࣮ࢡࡃࡌྠ࡜ᑐࡢᑐ⛠ᛶࡀ s Ἴ࡛ࡵࡓࡿ࠶

d Ἴ࡛ࡿ࠶㖡㓟໬≀⣔࡝࡯⤖ᬗ㓄ྥ࡟ᩄឤ࡛࠸࡞

ࡢ࡛ ᴟపࠊࡸ࡜ࡇ Bc2 ࡀ 50T ௨ୖ࡜ A15 ᆺ໬

ྜ≀⣔ࡾࡼ᱁ẁ࡟㧗࠸≉ᚩࠋࡿ࠶ࡀཎᩱࡀẚ㍑ⓗ

Ᏻ౯࡛ࡶ࡜ࡇࡿ࠶ᐇ⏝⥺ᮦೃ⿵࡚ࡋ࡜᭷฼࡜ᮇ

ᚅࠊࢀࡉ⥺ᮦ໬ࡣࡳ⤌ࡾྲྀࡢᡃࡀᅜ࠸ࡶ࡚࠸࠾࡟

୰ࡢ㞄ᅜࠋ[99 ,98]ࡿ࠶ࡀሗ࿌ࡢ࣮ࣝࢣࢫ࣎ࣛ࠿ࡘࡃ

ᅜ࡛ࡣ⥺ᮦ㛤Ⓨࡢᅜᐙࡆୖࡕ❧ࡶࢺࢡ࢙ࢪࣟࣉ

࡟ẚ㍑ⓗάⓎࠊࢀࡽ PIT ἲࡿࡼ࡟⥺ᮦ㛤Ⓨࡀ㐍ࡵ

࡚ࢀࡉⓎぢࡣ㕲⣔㉸ఏᑟయࠊࡋణࠋ[100]ࡿ࠸࡚ࢀࡽ

༑ᩘᖺ࠿ࡋ⤒㐣ࡔࡲࡔࡲࠊࡎࡽ࠾࡚ࡋ≀㉁࡚ࡋ࡜

ᮍ▱࡞㒊ศࠋࡿ࠶ࡀຍࠊ࡚࠼௒ࢁࡇ࡜ࡢ Tc ࠸㧗ࡢ

⤌ᡂࡣ㕲࡟ࡶ࡜࡜ẘᛶࣄࡿ࠶ࡢ⣲ࠊࡵࡓࡴྵࢆୡ

⏺ⓗ࡟ぢ࡜ࡿ⥺ᮦ㛤Ⓨࡣᾘᴟⓗ࡛ྰࡣ࡜ࡇࡿ࠶
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