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ABSTRACT 

The aim of the work was to study the one way and two-

way shape memory effects in Ni55Fe18Ga27 single crystals 

with different orientations. The [001] and [011] single 

crystals were grown by the Czochralski method using 

[001] and [011] seed crystals. The sample was compressed 

at room temperature at which the alloy was in martensite 

10 M state, unloaded, heated up to 150 
o
C at which the 

alloy was in the austenite state to study the one-way shape 

memory effect and subjected to cooling and heating within 

a temperature range of 25 to 150 
o
C to observe the two-

way shape memory effect.  

It was shown that despite the single crystal orientation the 

maximum value of the one-way shape memory effect was 

5%. It was found that the recovery coefficient was equal to 

90 % and did not change on an increase in the preliminary 

strain up to 7.5 % (for [001] crystal) and 10 % (for [011] 

crystal). Further preliminary compression to 20 % led to a 

decrease in the recovery coefficient to 60 % in [001] 

crystal and to 45 % in [011] crystal. The martensite 

stabilization effect was found on heating of the preliminary 

compressed single crystals. It led to a decrease in a 

temperature range of the one-way shape memory effect 

and it was observed that 80 % of strain sharply recovered 

at constant temperature As while the 20 % of strain 

recovery took place on further heating from As to Af. It 

was found that the value of the two-way shape memory 

effect depended on the preliminary strain in non-

monotonic way. The maximum recoverable strain of 2.6 % 

was found in [011] crystal that was preliminary 

compressed to 7.5 % and it was four times larger than the 

maximum value of the  two-way shape memory effect 

found in [001] crystal after compression to 10 %. 
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INTRODUCTION 

Ni-Fe-Ga shape memory alloys were produced in 2002 as 

the magnetic shape memory alloy, however, a study of the 

magnetic properties showed that the Ni-Fe-Ga alloys 

demonstrated a weak strain variation during applying the 

magnetic field due to a large stress limit for martensite 

reorientation [Heczko, 2008]. In this case, the interest to 

the Ni-Fe-Ga alloys as the magnetic shape memory alloys 

was lost but a study of the ordinary functional behaviour 

such as superelasticity and shape memory effect showed 

that this alloy might rival to commonly used NiTi-based 

shape memory alloys. It is found that Ni-Fe-Ga alloys 

demonstrate a good superelasticity (up to 12 %) 

[Efstathiou, 2008] but the data about the one-way and two-

way shape memory effects are negligible. That is why the 

aim of the present work is to study the strain variation on 

heating of the preliminary deformed Ni-Fe-Ga single 

crystals and on subsequent thermal cycle. 

MATERIALS AND METHODS 

Single crystals of the Ni55Fe18Ga27 alloy with orientation of 

[001] or [011] were grown using the Czochralski method 

using [001] and [011] seed crystals. Samples were 

quenched from 900 °C for 20 min in water, annealed at a 

temperature of 600 °C for 2 h and cooled with a furnace. 

On cooling and heating these single crystals undergo the   

L21 10M martensitic transformation at temperatures of 

Ms = 50 
o
C, Mf = 40 

o
C, As = 53 

o
C and Af = 63 

o
C.  

To study the functional properties, bars with a size of 

4x4x8 mm, where the long axis was parallel to the [001] 

axis or [011] axis, were cut from single crystal using an 

electro-discharge machine. To study the strain recovery 

after loading in the martensite phase, the following 

procedure was used. The sample was compressed with a 

strain rate of 210
-4

 s
-1

 to some total strain in the 

martensitic state at a temperature of 25 
o
C, unloaded and  

heated to 140 
o
C to measure the strain recovery and 

subjected to one thermal cycle with a temperature range of 

25 – 140 
o
C to measure the value of the two-way shape 

memory effect. The total strains were equal to 5, 7, 10, 15 

and 20%. 

RESULTS AND DUSCUSSION 

First of all the mechanisms of the deformation of [001] and 

[011] single crystals were studied in martensite state. It 

was found that the deformation of [001] and [011] crystals 

to 15 % was caused by the same mechanisms: 

reorientation of 10M phase, 10M ↔14M transformation 

and plastic deformation of 14 M martensite. An increase in 



given strain from 15 to 20 % led to the deformation of 

these single crystals occurred due to different mechanisms. 

The [001] crystal was deformed by 14 M ↔L10 

transformation that resulted in a large strain recovery on 

unloading due the reverse transformation. Otherwise the 

[011] crystal was deformed by the plastic strain that led to 

an increase in irreversible strain that was measured in the 

samples after unloading. The analysis of the stress-strain 

diagrams shows that the residual strain in [001] and [011] 

single crystals after unloading is due to the reorientation of 

10 M martensite and plastic strain. 

Figure 1 shows the strain variation on heating of the [011] 

single crystal that was preliminary deformed to 10 % in 

martensite state. After the unloading the residual strain 

was 4.8% and this strain was recovered on subsequent 

heating due to the shape memory effect.  On further 

cooling and heating the reversible strain variation due to 

the two-way shape memory effect was found. The 

comparison of the temperatures of the one-way shape 

memory effect that was observed during the first heating 

and the temperatures of the strain recovery during the two-

way shape memory effect on the second heating shows 

that the martensite stabilization effect is observed. It leads 

to a decrease in a temperature range of the one-way shape 

memory effect (As - Af) and it is observed that 80 % of 

strain sharply recovered at constant temperature As while 

the 20 % of strain recovery took place on further heating 

from As to Af. 

 

Figure1: Strain vs temperature curve obtained on heating 

and one thermal cycle of the [011] single crystal after 

preliminary deformation up to 4.8 %. 

The comparison of the influence of the residual strain on 

the shape memory effect value shows that the orientation 

hardly affects the 
SM

(res) curves (Fig. 2) and slight 

difference in maximum recoverable strain that is equal to 

4.8%  in [001] crystal and 5% in [011] one is observed. As 

the residual strain in both [001] and [011] single crystals 

after unloading was caused by the reorientation of 10 M 

martensite and plastic strain hence on further heating the 

maximum recoverable strain can not overcome the 

maximum strain that is accompanied by the reorientation f 

10 M martensite and this value is closed to 5 %. That is 

why the maximum recoverable strain does not depend on 

the single crystal orientation.  

 

 

Figure 2: The dependencies of the  shape memory effect 

value SM
 on the residual strian res in [001] and [011] 

NiFeGa single crystals. 

The value of the two-way shape memory effect depended 

on the preliminary strain in non-monotonic way. The 

maximum recoverable strain of 2.6 % was found in [011] 

crystal that was preliminary compressed to 7.5 % and it 

was four times larger than the maximum value of the  two-

way shape memory effect found in [001] crystal after 

compression to 10 %. 

CONCLUSION 

The paper results may be summarized as following: 

1. The deformation of [001] and [011] single crystals on 

compression to 15 % occurred by the same mechanism: 

reorientation of 10M phase, 10M ↔14M transformation 

and plastic deformation of 14 M martensite. An increase in 

strain from 15 to 20 % leads to [001] crystal was deformed 

by 14 M ↔L10 transformation while the [011] crystal was 

deformed by the plastic strain. 

2. The value of one-way shape memory effect after 

preliminary compression hardly depended on the  single 

crystal orientation due to the residual strain during 

preliminary deformation was induced by the reorientation 

of 10 M martensite in both [001] and [011] crystals. 

3. The value of the two-way shape memory effect 

depended on the preliminary strain in non-monotonic way. 

The maximum recoverable strain of 2.6 % was found in 

[011] crystal and it was four times larger than the same 

value in [001] crystal. 
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