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鉄系超伝導材料：
レアアースの使用量、大幅削減に成功



超伝導：電気抵抗ゼロ、無損失で大量の電流が流せる

強力な磁力の超伝導電磁石が作れる

医療用 MRI（磁気共鳴画像装置） JR東海　超伝導リニア

従来材料（ニオブ・チタン合金など）　
高価な液体ヘリウムでセ氏零下269度へ冷却する必要あり



ヘリウム：輸入量が大幅に減少

日本 全量輸入

岩谷産業株式会社 HP より

米国より 95%

天然ガスより産出

米国施設の修理長期化などで高騰
ヘリウム風船が無くなった

今後、エネルギー資源が天然ガス
からシェールガス、深海のメタンハ

イドレートへ移行

ヘリウム産出量　さらに減少 MRI

液体ヘリウムを用いない超伝導材料の実用化が急務



鉄系超伝導物質：ヘリウム不要

2008年
東京工業大学の細野秀雄教授らが発見

電気式冷凍機で冷却できる
セ氏零下253度（20 ケルビン）

SmFeAsO0.9F0.1
セ氏零下217度（55 ケルビン）

SmFeAsO0.9F0.1 レアアース（希土類元素）サマリウムを含む
サマリウム



周期表

レアアース（希土類元素）
サマリウム
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レアメタル・資源　38元素の統計と展望　西山孝著　丸善



レアアース（希土類元素）の使用量、大幅削減に成功

SmFeAsO0.9F0.1
サマリウム

従来の鉄系超伝導物質

鉄 ヒ素 酸素 フッ素

新たに開発した鉄系超伝導物質

(Ca0.83La0.17)Fe2(As0.84P0.16)2
カルシウム ランタン 鉄 ヒ素 リン

セ氏零下217度（55 ケルビン）
超伝導へ移行する温度

セ氏零下229度（45 ケルビン）

安価でありふれた元素（カルシウムと鉄）が主成分
電気式冷凍機で冷却可 鉄系実用化へ前進



Emergence of superconductivity at 45 K
by lanthanum and phosphorus co-doping
of CaFe2As2
Kazutaka Kudo, Keita Iba, Masaya Takasuga, Yutaka Kitahama, Jun-ichi Matsumura, Masataka Danura,

Yoshio Nogami & Minoru Nohara

Department of Physics, Okayama University, Okayama 700-8530, Japan.

Co-doping of lanthanum and phosphorus in CaFe2As2 induces superconductivity at 45 K. This
superconducting transition temperature is higher than the 38 K transition in Ba12xKxFe2As2, which is the
maximum found thus far among the 122 phases. Superconductivity with a substantial shielding volume
fraction was observed at 0.12 # x # 0.18 and y 5 0.06 in Ca12xLaxFe2(As12yPy)2. The superconducting
phase of the present system seems to be not adjacent to an antiferromagnetic phase.

I
ron arsenide superconductors seem to occur in close proximity to an antiferromagnetic (AF) phase1–3. Density
functional theory calculations have pointed out the importance of spin fluctuations, resulting from Fermi surface
nesting between hole and electron pockets, for the emergence of superconductivity4,5. The superconducting

transition temperature Tc has exceeded 50 K in doped REFeAsO, where RE corresponds to a rare earth element6–8.
However, recent reports by Iimura et al.9 and Sun et al.10 suggest that the fascinating superconducting phase is

also found separated from the AF phase in this class of materials. Iimura et al.9 reported that two domes appear in
Tc versus x for LaFeAsO12xHx. The first dome exhibits Tc 5 26 K in the vicinity of the AF phase, which was
recognized as the maximum Tc of the electron-doped LaFeAsO11. Surprisingly, a much higher Tc 5 36 K emerges
in the second dome, far from the AF phase. Moreover, Sun et al.10 reported the re-emergence of high temperature
superconductivity in Tl0.6Rb0.4Fe1.67Se2, K0.8Fe1.7Se2, and K0.8Fe1.78Se2 as a function of pressure. At low pressures,
superconductivity in those compounds coexists with AF order, as reported by Guo et al.12 With increasing
pressure, Tc decreases from a maximum of 32 K at 1 GPa to zero at 9.8 GPa10, above which AF order disappears12.
Upon further increase in pressure, a second superconducting phase with Tc 5 48 K suddenly emerges above
11.5 GPa in the paramagnetic phase10. These results suggest a greater flexibility in developing iron-based super-
conductors. A similar superconducting phase that is separated from the AF phase is expected in systems other
than LaFeAsO12xHx

9 and (Tl,Rb,K)12xFe22ySe2
10.

We focus on the RE-doped CaFe2As2 (abbreviated to 122) system as a candidate material with a superconduct-
ing phase separated from an AF phase. Very recently, in the vicinity of the AF phase, a superconducting phase
with Tc 5 40–49 K was suggested in RE-doped CaFe2As2

13–15. Though bulk superconductivity has not yet been
confirmed, the results strongly suggest that the 122 phase may exhibit a Tc as high as 50 K. This value is higher
than Tc 5 38 K in Ba12xKxFe2As2

16 which is the highest value yet reported among the 122-type bulk super-
conductors. Similar results were almost simultaneously reported by three groups: Saha et al. reported Tc 5 47 K
in Ca12xPrxFe2As2

13; Gao et al. reported Tc 5 42.7 K in Ca12xLaxFe2As2
14; and Lv et al. reported Tc 5 49 K in

Ca12xPrxFe2As2
15. These values of Tc were determined from the onset of the resistive transition.

In the reports by Saha et al.13 and Gao et al.14, diamagnetic behavior is not clearly observed in the temperature
dependence of the magnetization M around Tc. Instead, a visible drop in M occurs below ,20 K, suggesting that a
minority phase possesses a high Tc. On the other hand, Lv et al.15 showed a clear diamagnetic signal around 40 K
in a magnetic field of 1 Oe, in addition to a subsequent transition at 20 K. However, the signal around 40 K was
completely suppressed by the application of a tiny magnetic field of 20 Oe. Lv et al.15 proposed that interfacial
superconductivity with Tc 5 49 K occurs at the grain boundary.

In this paper, we report the emergence of superconductivity at 45 K by La and P co-doping of CaFe2As2. Tc 5
45 K is higher than 38 K in Ba12xKxFe2As2

16. A substantial shielding volume fraction was observed at 0.12 # x #
0.18 with y 5 0.06 in Ca12xLaxFe2(As12yPy)2. The superconducting phase of the present system seems to be far
from the AF phase in the electronic phase diagram.
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英国 Nature Publishing Group の電子ジャーナル Scientific Reports 誌に掲載（3月18日）

鉄系基本物質 122型の超伝導転移温度の記録を５年ぶりに更新



今後の展開

兵庫県にある大型放射光施設 SPring-8 で原子配列を精密に決める実験（５月）
理論的な解析により

高い温度で超伝導に移行する条件の解明
レアアースを全く使わずに超伝導に移行する条件の解明


