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Recent Developments of Martensitic Transformation
in Ferrous Shape Memory Alloys
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Abstract: shape memory effect and superelasticity of Fe-based alloys depend on the natures of martensitic transformation
in iron-based alloy. Understanding of martensitic transformation in iron-based alloys is important for development and opti-
mization of Fe-based shape memory alloys. Based on the different features of martensitic transformation, Fe-based shape
memory alloys are divided into three categories, including Fe-Mn-Si, Fe-Ni-Co and Fe-Pt/Fe-Pd system. Recent develop-
ment of martensitic transformation in these three types of Fe-based shape memory alloys are reviewed in this manuscript,
respectively. The different mechanism with which shape memory effects are associated and the factors to influence marten-
sitic transformation are summarized. The prospect for developing new iron-based shape memory alloys is also discussed.
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Fig. 1 Schematic of the mechanism of shape memory effect
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Fig. 2 Optical micrographs of various types of martensites in ferrous alloys: (a) lath o', (b) butterfly o', (c¢) (225) A type plate o',

(e) thin plate o', and (f) & martensite
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Table 1 Ferrous shape memory alloys with full or nearly complete shape memory effect
Matensite Phase transformation
: iti ) ) M_./K A./K A/K  Ai-M_/K
crystal Alloy Composition M Morphology characteristics / e % M./
structure
BCC or Fe-Pt( Orderly y) ~25at% Pt Thin plate Thermoelastic 131 - 148 17
BCT(a') Fe-Ni-Co-Ti 23% Ni-10% Co-10% Ti - - 173 243 ~443 ~270
( Austenite aging) 33% Ni-10% Co4% Ti Thin plate Thermoelastic 146 122 219 73
31% Ni-10% Co-3% Ti Thin plate  Non-thermoelastic 193 343 508 315
Fe-Ni-Co-Al-Ta-B#! 28NI-17Co-11. 5- - Thermoelastic 187 211 24
Fe-Ni-C Al-2. 5Ta-0. 05B
( Austenite deformation '}’) 31% Ni-0. 4% C Thin plate Non-thermoelastic <77 - ~400 >320
HCP(&) Fe-Mn-Si 30% Mn-1% Si(Single crystal) Thin plate  Non-thermoelastic ~300 ~410 - -
(28-33) % Mn-(4-6) % Si Thin plate Non-thermoelastic ~320 ~390 ~450 ~130
Fe-Cr-Ni-Mn-Si 9% Cr-5% Ni-14% Mn-6% Si Thin plate  Non-thermoelastic ~293 ~343 ~573 ~280
13% Cr-6% Ni-8 % Mn-6% Si-12Co
8% Cr-5% Ni-20% Mn-5% Si Thin plate  Non-thermoelastic ~260 =370 <573 <310
12% Cr-5% Ni-16 % Mn-5% Si
FCT Fe-Pt ~25% Pt Thin plate Thermoelastic - - 300 -
Fe-Pd ~30% Pd Thin plate Thermoelastic 179 - 183 4
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Fig. 3 Schematic illustration of the y—¢ transformation and &—y reverse transformation by operation of Shockley partial dislocation on

every alternate (111) austenite plane
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M /K Forecast
No. Mn, w/% 1/Py —————— Ty/K

Forecast Measured A/K
1 22.0 385.05 375.4 398 411.1 446.8
2 24.0  422.08 364.7 378 404.8 444.9
3 27.0  477.62 345.6 363 396.3 447.0
4 28.0  469.13 337.2 343 393.8 450.4
5 28.5 505.38 332.3 338 392.6 452.9
6 30.0  533.15 314.6 317 389.1 463.6
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Fig. 7 M temperature and evolution of martensite morphology in Fe-24% Pt alloy aged at 550 C

for different times ( lenticular — plate)
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