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ABSTRACT 

In order to systematically explore all possible 

deformation/transformation mechanisms in NiTi alloys, 

superelastic NiTi wires were subjected to tensile 

thermomechanical loading tests in temperature range from 

-100°C to 450°C with supplemental in-situ electrical 

resistance, digital image correlation, in-situ synchrotron x-

ray diffraction and ex-situ TEM observations of 

microstructures in deformed wires.  

Interesting results were obtained particularly for 

martensitic transformations at high temperatures and 

stresses. It was found that the B2 cubic to B19’ monoclinic 

stress induced martensitic transformation proceeds under 

such conditions into twinned austenite via two step 

B2=>B19´=>B2T transformation, in which dislocation slip 

accommodated deformation twinning in the stress induced 

B19’ martensite plays  a crucial role.  

Since both dislocation slip and B2=>B19´=>B2T 

martensitic transformation generate irrecoverable strains, 

the superelastic and/or actuation functionalities of NiTi 

wires are gradually lost when this TRIP like mechanism 

starts to operate above 75°C. On the other, it renders NiTi 

excellent ductility even at stresses exceeding 1 GPa, 

causes refinement of the alloy microstructure and allows 

for its low temperature processing and shape setting.   
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RESULTS 

The experiments proved that, deformation mechanisms 

acting in tensile tests on NiTi wire gradually change from 

twinning in the B19’ martensite at lowest temperatures, 

over the B2=>R=>B19’ transformation up to the 

conventional dislocation slip in B2 austenite at highest 

temperatures. Tensile deformation was localized in 

macroscopic bands up to the 300°C evidencing the stress 

induced martensitic transformation. Below 75°C, strains 

up to 13% were nearly reversible upon unloading and 

heating. However, as the  test temperature increased above 

the 75°C, the length of the forward transformation plateau 

increased, volume fraction of the martensite phase at the 

end of forward transformation plateau decreased, 

unrecovered strain increased and {114} austenite twins 

appeared in the microstructure of deformed wires. These 

observations were explained by the activity of the two step 

B2=>B19´=>B2T martensitic transformation into twinned 

austenite coupled with dislocation slip as explained in 

figure 1. The B19´=>B2T reverse transformation is not 

accompanied by the strain reversion since the imposed 

strain exceeded the strain recoverability limit of cubic to 

monoclinic transformation. A very large internal stress 

remains frozen in the plastically slipped and twinned 

austenite microstructure after unloading and cooling (e). 

 

Figure 1:  Sequence of microstructures appearing on the 

atomistic scale in NiTi deforming in tension at high 

temperatures and stress [Heller, 2018a,b]: a) the initial 

austenite lattice; b) fully oriented stress induced 

martensite; c) stress induced martensite after {20-1}  

deformation twinning [Ezaz, 2012]; d) {20-1} twinned 

martensite after partial reverse transformation into 

twinned austenite [Gao, 2017]; e) twinned and plastically 

slipped austenite after unloading and cooling. For each 

deformation stage, the total effective strain with respect to 

the reference configuration in (a) is outlined on the right. 



 

Figure 2: Stress-strain-temperature response of NiTi wire 

(grain size=100 nm - inlet in a) in four thermomechanical 

loading tests starting at room temperature (solid black 

circle) by cooling to -100°C, loading till 600 MPa, 

700MPa, 800 MPa, 900 MPa, 1000 MPa and 1100 MPa,  

heating under constant applied stress, unloading to 

20MPa and cooling back to the room temperature. 

Considering that plastic deformation is generated by 

martensitic transformation only if it proceeds under 

external stress [Heller, 2018a], the observed unrecovered 

strains (open circles in (b,c) and coloured circles (d)) were 

generated only during the reverse martensitic 

transformation upon heating under constant stress. The 

unrecovered strains increase exponentially with increasing 

temperature and stress as given by the 3D US--T 

diagram [Heller,2018a]. Microstructure observed by TEM 

in the wire heated under 1100MPa stress (inlet in d) is 

dominated by deformation bands formed by {114} 

austenite twins extending over multiple polycrystal grains. 

When this TRIP like deformation mechanism starts to 

operate at elevated temperatures, it quickly worsens  

instability of cyclic superelastic tensile loads 

[Heller,2018a] and controls thermomechanical behaviour 

of NiTi wires at high temperature – high stress conditions 

[Heller, 2018b, Sittner, 2018], as demonstrated in figure 2. 

Note that the wire deformed in the martensite state at low 

temperatures up to 10% tensile strain shortens when 

undergoing reverse martensitic transformation upon 

subsequent heating under 600 MPa stress but further 

elongates upon heating under 1100MPa stress. A 

nanoscale heterogeneity (Fig. 2d) is introduced into the 

alloy microstructure during the reverse martensitic 

transformation under large stress due to the {20-1}M-

{114}A deformation twining (Fig. 1). Generally, this 

deformation mechanism proceeds not only upon heating 

under large stress but also upon loading at high 

temperatures [Surikova et al, 2009] and/or cooling under 

large stress. It renders NiTi excellent ductility exceeding 

50% strain in thermomechanical loads allowing for its low 

temperature processing and shape setting [Sittner, 2018]. 

The mechanism was implemented into an earlier 

developed macroscopic SMA model and used to simulate 

thermomechanical responses of NiTi at high temperature – 

high stress conditions [Heller, 2018b, Sedlak, 2018]. 

CONCLUSIONS 

The crystallographic and thermodynamics aspects of the 

B2=>B19´=>B2T martensitic transformation into twinned 

austenite observed experimentally in NiTi wires 

transforming under high temperature – high stress 

conditions are introduced and its impact on the 

thermomechanical behaviour of NiTi is discussed.  
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