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冷却誘起形状記憶効果の発見と
新規Co基磁性形状記憶合金の開発
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発表の概要
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なぜ形状記憶効果は冷却で起きうるのか？

通常の形状記憶効果は加熱で起きるNi-Co-Mn-Inにおける熱弾性型
マルテンサイト変態[2]

Co-Cr-Ga-Siにおける形状記憶効果[1]

[1] Reprinted from X. Xu et al., Appl. Phys. Lett., 103 (2013) 164104, with the permission of AIP Publishing.
[2] Reprinted from X. Xu et al., Scripta Mater., 65 (2011) 946-949, with the permission of Elsevier..
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Co52.7Cr26.3Ga11Si11合金を用いた透過電子顕微鏡によるその場観察の結果[1]
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なぜ形状記憶効果は冷却で起きうるのか？

[1] Reprinted from X. Xu et al., Appl. Phys. Lett., 103 (2013) 164104, with the permission of AIP Publishing.
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なぜ形状記憶効果は冷却で起きうるのか？
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なぜ形状記憶効果は冷却で起きうるのか？

[1]

[1] Reprinted from X. Xu et al., Appl. Phys. Lett., 103 (2013) 164104, with the permission of AIP Publishing.
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固相中リエントラント変態を示す物質の発見年

1. 約１００年ぶりのメタル系のリエントラント変態！

�Ý�`�M�®�æ�¤�ï�Ä�å�ï�Ä�~�Ú�ç�Â�ï�±� �Ä�!�6�¯

リエントラント構造相変態 極めて珍
しい！
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✓共通点：
•bcc→fcc/fct→bcc
•bcc構造が高いTCを有する
✓相違点：
•CoCrGaSiの変態温度が低く、
  拡散が起きない
•CoCrGaSiは規則構造を有する

[1]

[1]許皛, まてりあ, 55 (2016) 421Ð425.

2. 初めてのリエントラント・マルテンサイト変態！
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1. 約１００年ぶりのメタル系のリエントラント変態！1. 約１００年ぶりのメタル系のリエントラント変態！
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1. 極低温アクチュエータの可能性 2. 新規弾性熱量材料の候補物質

3. 新規Co系生体材料の可能性 4. 次世代制振ダンパー材料の可能性
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where dσ0/dT and ΔS are zero [28]. However, the TA determined by the
thermomagnetization measurements is about 240 K, which is much
lower than T'A estimated from the compression tests, which is about
310 K. The difference between TA and T'A may partially originate from
the fact that the TC shows obvious Co-composition dependence, which
has been pointed out for the cases of Co-Cr-Ga-Si alloys [16]. Therefore,
we expect the gradient of the T0 curve in Fig. 1(d) should become infin-
ity at approximately 240 K shown by TA in Fig. 1(d), where ΔS becomes
zero. Generally, the driving force during thermal transformation can be
roughly estimated as ΔG= ΔS·ΔT. Thus, the drastic change in transfor-
mation temperatures in Fig. 1(d) can be understood because the driving
force for martensitic transformation becomes zero at approximately
240 K; therefore no forward martensitic transformation can be ob-
served below this temperature. Furthermore, a change of sign of ΔS
can be expected below TA. Therefore, below TA, the driving force also
shows an opposite sign and the parent phase becomes more favorable
when the temperature is lower. This results in an expectation of curva-
tures of the composition dependence of martensitic transformation
temperatures and the martensite phase may form a “martensite loop”,
as shown by the broken lines in Fig. 1(d). The reentrant martensitic

transformation behavior should occur if a martensite phase sample
could pass through the TAs temperature. As shown in Fig. 1(b), at around
150 K for Co55.9, a small hysteresis loop was observed from the
thermomagnetization curves. However, it is still not confidential to con-
clude this is the experimental evidence of reentrant martensitic trans-
formation in the Co-Cr-Al-Si system. Further investigations are
required to clarify this point.

In summary, themartensitic andmagnetic transformation tempera-
tureswere determined for CoxCr79−xAl10.5Si10.5 Heusler alloys. Themar-
tensitic transformation could be observed in alloys with higher Co
compositions in the paramagnetic range, but for those with lower Co
compositions in the ferromagnetic state of the parent phase (x
b Co55.8), thermal martensitic transformation was not observed. For a
two-phase (martensite + parent) sample, magnetic field-induced re-
verse partial martensitic transformation was observed by magnetiza-
tion measurement under a pulsed high magnetic field. Superelasticity
was obtained in a wide temperature range between 198 K and 423 K,
and the critical stress showed parabolic-like behavior against tempera-
ture. This was due to an evolution of transformation entropy change
(ΔS) from negative to positive values caused by the magnetic effect of
the parent phase and ΔS becomes zero at around room temperature.
This thermodynamic property results in the absence of driving force

Fig. 2.Magnetization curves measured for (a) Co53.7 and Co55.8 at 6 K and (b) Co55.8 L
under a pulsed high magnetic field at 300 K. For (a), while ferromagnetic behaviors
were observed for all samples, their values of spontaneous magnetization were different
due to the different amount of residual parent phase. For (b), magnetic field-induced
reverse martensitic transformation was observed.

Fig. 3. (a) Compression tests for a Co55.7 alloy from 198 to 423 K. The forwardmartensitic
transformation starting stress (σMs) and reverse martensitic transformation finishing
stress (σAf) were defined by the extrapolation method, as indicated in (a). (b) σMs, σAf

and σ0 = (σMs + σAf) / 2 are plotted.

38 T. Odaira et al. / Scripta Materialia 153 (2018) 35–39

[3] Reprinted from T. Odaira, X. Xu et al., Scripta Mater., 153 (2018) 35Ð39, with the permission of Elsevier.

[3]

[1]

[2]

[1] X. Xu et al., Phys. Rev. B, 91 (2015) 104434.
[2] K. Niitsu et al., Shap. Mem. Superelasticity, 1 (2015) 124Ð131.
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