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Fe-based alloys (Fe-28Ni-17Co-11.5Al-2.5Ta-0.05B 

abbreviated NCATB) belong to a new family of shape 

memory alloys exhibiting a large superelastic strain. The 

superelastic effect is strongly related with precipitation 

hardening which is required to suppressed the plastic 

deformation of the parent phase. The main strengthening 

component of these alloys is the fcc γ' phase. In this paper 

the effect of heat treatment on precipitation hardening in 

multicomponent  single crystalline NCATB materials to 

obtain optimal mechanical properties is studied. Heat 

treatment was performed for single crystal with <100> and 

<111> orientations at temperatures  973 K and for variable 

times (0.5h, 1h, 5h, 10h, 24h). Three different intermetallic 

phases of NiAl, Ni3Al and NiAl3 are analyzed with 

synchrotron diffraction to reveal the evolution of 

strengthening phases. Subsequently, to provide an insight 

into the mechanism of superelasticity observed in the 

NCATB alloys, single crystals with <100>, <110>, <111> 

and <112> orientations were compressed at different 

temperatures (77, 123, and 295 K). Depending on the 

orientation and deformation temperature elastic, plastic or 

elasto-plastic response are observed. The global and local 

orientation measurements were determined by diffraction of 

high-energy synchrotron radiation and electron backscatter 

diffraction, respectively. The results are discussed with 

respect to crystallographic orientation, deformation mode, 

precipitations and phase transformations. 
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INTRODUCTION 

Functional and intelligent materials, exhibiting both 

superelasticity and shape memory effect, are used in many 

fields, including biomedicine, electronic communications, 

robotics, aerospace, civil construction [Huadong et al. 2016] 

Fe-based shape memory alloys have the advantages of high 

strength, excellent cold workability and low cost, which 

result in the possibility of broad application prospects in 

industry. Furthermore ferrous alloy have a very large 

damping capacity and exhibit a large reversible change in 

magnetization during loading and unloading having a great 

potential as high-damping and sensor material [Tanaka et 

al. 2010]. Particularly, the mechanically induced 

martensitic transformation in FeNiCoAlTaB alloy showed 

by Tanaka et al. [2010], results in a huge superelastic strain, 

which was almost twice as high as the maximum 

superelastic strain obtained in NiTi-based alloy [Tanaka et 

al. 2010],  [Huadong et al. 2016]. Due to this finding, a 

broad attention has recently been paid to this topic [Geng et 

al. 2013]. The alloys with a composition of Fe-28Ni-17Co-

11.5Al-0.5Ta-0.05B (in at.%, abbreviated NCATB) with a 

strong {035}<100> recrystallization texture obtained by 

rolling and a special thermomechanical treatment show a 

superelastic strain up to 13.5% in tensile deformation 

[Tanaka et al. 2010]. The component which mechanically 

strengths the alloy is fine and coherent precipitates of γ’-

(Ni,Fe,Co)3(Al,Ta) phase with the fcc structure. The boron 

addition promotes formation of the coherent Ni3Al-type 

phase. This alloy show several unique physical properties 

such as a large superelastic hysteresis, a large change in 

magnetization and electric resistance during loading, and an 

excellent ductility. Kainuma’s group developed a new shape 

memory alloy FeNiCoAlNbB alloy with low-melting 

element Nb instead of Ta. For this alloy a superelasticity 

over 5% was reported [Omori et al. 2013]. However, the 

effect of precipitates on the phase transformation and 

superelastic mechanism are not completely understood. In 

this paper we show the effect of different annealing 

conditions on the  mechanical properties of the NCATB 

single crystals which are controled by of γ’ phase 

distribution. There different orientation <100>, <111> and 

<112>  were chosen to analyze deformation mechanism in 

quasi in-situ way using martensite stabilization.   

EXPERIMENTAL DETAILS 

The single crystalline specimen with the nominal 

composition of with Fe-28Ni-17Co-11.5Al-2.5Ta-0.05B  
was grown by the Bridgman method. In order to determine 

the crystallographic orientation in the single-crystalline 

material scanning electron microscopy (SEM) with EBSD 

was used. To perform heat treatment, the materials were cut 

with an appropriate crystallographic orientation. The cut 

materials were grinded on abrasive papers with degradation 

up to 7000. Thermal treatment was carried out at a 

temperature of 973K for 0.5 h, 1 h, 5 h, 10 h and 24 h with 

crystallographic orientation <100> and <111> . 

Subsequently, the samples were reelectopolished. In order 

to determine superelastic strain, mechanical tests with 

Instron machine were carried out. The phase analysis was 

determined using synchrotron radiation by diffraction of 

high-energy radiation (87.1 keV) using the HZG materials 

science beamline P07b at DESY in Hamburg, Germany. 

The resulting has been inspected with a FEI Quanta 3D 



SEM and with a Tecnai G2 transmission electron 

microscope (TEM). 

RESULTS 

To analyze the effect of precipitation hardening on the 

mechanical properties heat treatment for single crystal with 

<100> and <111> orientations at a temperatures of 973 K 

and for variable times (0.5h, 1h, 5h, 10h, 24h) was 

performed. Three different intermetallic phases of NiAl, 

Ni3Al and NiAl3 are analyzed with synchrotron diffraction. 

Annealing up to 5 h provokes mostly precipitation of  Ni3Al 

type phase. Applying longer times initiates precipitation of 

the B2 brittle phase which decreases drastically the ductility 

of the alloy. Diffraction of synchrotron radiation shows also 

evolution of ordering parameters associated with a change 

of the intensity of superstructure reflections. Subsequently, 

single crystals with three different <100>, <111> and <112> 

orientations were compressed at different temperatures (77, 

123, and 295 K). Compression at room temperature yields 

only plastic deformation of the austenite independently of 

the orientation and heat treatment used. On the other hand 

single crystals of <111> orientation deformed fully 

elastically yielding  about 8.7 % strain being consistent with 

the maximum theoretical one for this orientation. Two other 

orientations show a mixed mechanical response (plastic-

elastic). Single crystals deformed at lower temperatures 

exhibit also superelastic effect, however, combined with  a 

stabilization effect. It refers to an upward shift of the 

austenite start (as) temperature due to a single martensite 

variant. To obtain a geometrical compatibility across the 

austenite/martensite interface requires an overheating 

providing an additional driving force for twin boundary 

formation.   

 

Fig. 1. STEM-HAADF image with EDX map showing 

distribution of alloy elements for the sample annealed at 973 

K for 24 h. 

In the case of single crystalline materials, the optimal 

mechanical properties are observed after relatively short 

heating time period. The optimal required times, was found 

to be between 0.5 and 1 h.  

CONCLUSION 

FeNiCoAlTaB single crystals have been investigated using 

a number of techniques, including compresion and tensile 

tests, synchrotron diffraction and electron backscatter 

diffraction in order to study the effect of heat treatment on 

the precipitations and the observed superelastic effect. 

Elastic, plastic or elasto-plastic response are observed 

depending on the orientation and deformation temperature. 

The maximal deformation observed during tensile test was 

8.7% During precipitation annealing of NCATB alloys the 

evolution of three intermetallic phases (Ni3Al, NiAL and 

NiAl3) is shown. 
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