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Abstract 

We report a giant elastocaloric effect near to room temperature in a polycrystalline Ni-

Mn-In-Ga ferromagnetic shape memory alloy. A maximum entropy change value close to 

32 JK-1kg-1 was obtained by applying a 100 MPa compressive stress. Moreover, we report a 

value of 4.9 K for a reversible adiabatic temperature change. These values are compared 

with those reported for the magnetocaloric effect within a high magnetic field. The strong 

sensitivity in the isothermal entropy change and adiabatic temperature change to the 

uniaxial stress allow the alloy to present remarkable elastocaloric effect strength values 

of|ΔSme|/|Δσ|=320 JK-1kg-1GPa-1 and |ΔTad
me|/|Δσ|= 49.0 KGPa-1. 

 

Introduction 

Nowadays, the energy employed for refrigeration and air conditioning represents 20% of 

world consumption where the dominant technology for temperature control is the Vapor 



Compression-Expansion Cycle [1]. Caloric effects research has increased lately because 

they represent a new alternative of refrigeration technology which evermore are friendly 

with the environment. These effects are related with entropy changes or temperature 

changes produced in a material during either application, or the removal of external 

forces in isothermal and isoentropic processes, respectively. 

Caloric effects due to external forces such as magnetic field (magnetocaloric effect), stress 

(elastocaloric effect), electric field (electrocaloric effect) and hydrostatic pressure 

(barocaloric effect) have been reported.  

The Magnetocaloric effect is probably the most studied; however, the elastocaloric effect 

has been highlighted as one of the most promising alternatives for solid state refrigeration 

[2]. High elastocaloric effects are achieved for structural phase transition such as 

martensitic transition in ferromagnetic shape memory alloys (FSMA), which are classified 

as multicaloric materials due to their capacity to exhibit more than one type of caloric 

effect [3]. Ductile shape memory alloys reported high isothermal entropy changes and 

large relative cooling power due to the stress-induced martensitic transformation [4][5], 

furthermore high efficiency and cyclic stability have been studied [6][7]. 

Giant caloric effects in the Ni-Mn-In system have already been reported due to the 

external magnetic field [8], [9],[10] and hydrostatic pressure [11][12]. Furthermore, 

multicaloric character existence could be useful in order to couple caloric effects on the 

same material [13]. 



First reports of isothermal entropy change showed moderate values of ΔSme for uniaxial 

stress up to 10 MPa (Ni52.6Mn21.9Ga24.2Fe1.3[14], Ni50.5Mn21.7Ga24.7Co3.1 [15], 

Ni43Mn40Sn10Cu7 [16]). Recently a ΔSme of 11.1 JK-1kg-1 for Δσ=310 MPa has been reported 

in a Ni43.5Co6.5Mn39Sn11[17] alloy. For Ni46Mn38Sb12Co4alloy a value of ΔSme~21 JK-1kg-1 for 

Δσ=104 MPa has been reported [18]. 

Direct measurements of ΔTad
me in Ni-Mn-In system have been reported: 

Ni45Mn36.4In13.6Co5and Ni45.7Mn36.6In13.3Co5.1alloys report values of ΔTad
me of 3–4 K for 

Δσ= 100-150 MPa respectively [19], [20]. In Ni45Mn44Sn11 a ΔTad
me~5.7 K has been reported 

for Δσ=242 MPa [21]. A highly textured polycrystalline sample of Ni48Mn35In17 presented 

ΔTad
me=4 K for Δσ~300 MPa [22]. In this work we report the entropy and temperatures 

changes on isothermal and adiabatic process for elastocaloric effect (ΔSme y ΔTad
me) due to 

the martensitic transition presented in Ni50Mn34In13Ga3 alloy. We report an entropy 

change ΔSme~32 JK-1kg-1 and a reversible adiabatic temperature change of ΔTad
me ~4.9 K 

for a 100MPa stress. 

 

Experimental details 

A polycrystalline ingot was prepared by arc-melting from pure metals (>99.9%) under 

argon atmosphere on a water-cooled Cu crucible. The bulk was re-melted several times to 

insure homogeneity, annealed at 1173 K during 24h and then quenched into a mixture of 

ice-water.  



The alloy undergoes martensitic transformation between 297 K and 280 K (AF and MF, 

respectively). The DSC curve shown in Fig. 1a) was obtained using a commercial TA-

instruments TA-Q200 and the transformation enthalpy and entropy were quantified as 

11.2 Jg-1 and 39.0 JK-1kg-1, respectively. The chemical analysis determined by EDS shows a 

composition of Ni51.4±1.0Mn33.6±0.7In12.1±0.2Ga2.9±0.3. The XRD measurement shows a L21 

austenite and modulated martensite mixture at 295 K (Fig.1 b). 
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Figure 1. (a) DSC curve of the sample of study. (b) XRD from the powdered alloy. 

For the elastocaloric effect determination a specimen with 4.970.05 mm2 cross-section 

and 3.310.01mm length (mass~0.1300 g) was employed. The measurements were 

carried out on the purpose-built equipment described in reference [15]. The set-up allows 

the measuring of the adiabatic temperature change (ΔTad) with a thermocouple attached 

to the sample and by manually releasing or applying stress. For the stress-induced entropy 

change, the set-up also allows to perform iso-stress measurements of the length while 

scanning temperature (at a rate of 0.7 Kmin-1).  

 



Results 

Figure 2 shows curves of length versus temperature in both senses of the martensitic 

transformation; inverse and forward martensitic transformations appear at the top and 

bottom, respectively. The measurements were taken between 0 and 100 MPa of 

compressive stress. It can be seen that the strain magnitude strongly increases during the 

martensitic transformation with the applied stress (up to 2.5% for 40 MPa) and reaches a 

maximum of 2.8% for 100 MPa. This saturation in the strain as a function of the stress 

reflects a high density of martensitic variants oriented in the direction of the applied 

stress. The temperature at half strain as a function of applied stress during the martensitic 

transformations (T*0.5) follows the effect of the applied stress on the martensitic 

transformation temperature (Inset Fig. 2). The shifting of the martensitic transformation 

to higher temperatures due to the increase of external stress shows a conventional 

elastocaloric effect. Taking the relation between T*0.5 and applied stress as a linear slope 

of ~0.13, KMPa-1 can be measured. This value is similar to those reported in other 

ferromagnetic shape memory alloys ([17], [18] and [23]).  
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Figure 2. (a) Length curves measured during the inverse martensitic transformation and (b) direct 

martensitic transformation for different compressive stresses. Curves in (c) show the effect in T0.5* 

for heating and cooling due to the increasing compressive stress. 

From data in Fig. 2, the stress-induced entropy change (ΔSme) was calculated by Maxwell 

relations      FT TLTVS  ///   , where, the stress  is defined by the force 

(F) and the cross-section ( ) of the sample. By applying the definitions of volume (V) 



 and deformation (ε) it is possible to use expression (1) by measuring the 

sample length (L) and temperature (T) for computing ΔSme. 
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Isothermal entropy change ΔSme(T,σ) is shown in Fig. 3 where a value close to the 

transformation entropy change of  32  JK-1kg-1 was obtained at 100 MPa. This suggests that 

stresses around 100 MPa could to induce a partial reversible transition close to room 

temperatures, analogous to the case of the magnetocaloric effect, where a reversible 

contribution has been shown for the reverse transition under an applied magnetic field. 

[10]. 

Fig. 3, displays a narrow hysteresis between cooling and heating entropy curves related to 

the reversibility in the fraction of material that undergoes the forward and reverse 

transitions. This is important in order to favor reversibility close to transition temperatures 

with the applied stress. In order to increase transition temperatures, shift to improve 

reversibility, large stresses will be required.  

Fig. 4 depicts the reversibility expected within the transition temperature range for the 

studied range of applied stresses. We report a maximum reversible entropy change of 

26 JK-1kg-1 for a stress close to 100 MPa. It is worth mentioning that these results were 

obtained during the early stages of thermal cycling under an applied stress.  



0

5

10

15

20

25

30

35

280 285 290 295 300 305 310
-35

-30

-25

-20

-15

-10

-5

0


S

(


) 

(J
/k

g
K

)

 1 MPa

 6 MPa

 11 MPa

 16 MPa

 21 MPa

 25 MPa

 31 MPa

 35 MPa

 41 MPa

 45 MPa

 50 MPa

 55 MPa

 65 MPa

 70 MPa

 75 MPa

 80 MPa

 85 MPa

 90 MPa

 95 MPa

 100 MPa

Cooling

Heatling


S

 (
0


) 

(J
/k

g
K

)

Temperature (K)

290 295 300 305

0

10

20

30
 1 MPa

 6 MPa

 11 MPa

 16 MPa

 21 MPa

 25 MPa

 31 MPa

 35 MPa

 41 MPa

 45 MPa

 50 MPa

 55 MPa

 65 MPa

 70 MPa

 75 MPa

 80 MPa

 85 MPa

 90 MPa

 95 MPa

 100 MPa


S

R
e
v
 (



) 

(J
/k

g
K

)

Temperateure (K)
 

Fig. 3. Stress-induced entropy change as a function of the temperature and applied stress between 

5 and 100 MPa in the alloy. The inset shows the maximum value of ΔSme as a function of applied 

stress (solid lines are to guide the eye). 

The values of |ΔSme(T, σ)| presented in the alloy Ni50Mn34In13Ga3 are larger than the those 

previously reported in ferromagnetic shape memory alloys [14] [15] [18]. A comparison-

purposed quantity is the relative strength of elastocaloric effect (ΔSme/Δσ). Near to room 



temperature ductile alloys show values between 50 and 160 JK-1kg-1GPa-1 [3]. The alloy 

Ni50Mn34In13Ga3 shows a value of 320 JK-1kg-1GPa-1 which is larger than those exhibited in 

similar alloys [17] [18]. 

Another figure of merit commonly used in the evaluation of caloric materials is the 

relative cooling power. The RCP can be estimated according to the expression 

 
hot

cold

T

T
medTSRCP  

The alloy exhibits an RCP of 205 Jkg-1 applying Δσ=100 MPa. Tcold and Thot have been 

defined using the FWHM criteria (full width half maximum) as 293K and 303K during 

heating and 290K and 299K for cooling; from which ~80% (166 Jkg-1) are reversible. 

In order to measure the reversible adiabatic temperature change in the alloy, a K-type 

thermocouple was attached to the middle part of the sample. At each measured 

temperature (T0) the sample was loaded under a compressive stress until the desired 

stress, and then released in one-step to promote the adiabaticity of the experiment. The 

resulting curves of ΔTad
me vs T0 are shown in Fig. 4. It can be noted that the values of 

adiabatic temperature change are cyclic, as can be seen in Fig. 5. Furthermore, a 

reversible |ΔTad
me| of 1 K can be induced with the application of only 30 MPa.  
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Fig. 4. Dependence of the reversible adiabatic temperature change with the measured 

temperature and the released stress. 
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Fig. 5. Maximum values of adiabatic temperature change as a function of the applied 

stress. 

The maximum cyclic |ΔTad
me| shown by the alloy is ~4.9 K for Δσ= 100 MPa measured at 

299 K. It is worth remarking than the ΔTad
me exhibited is reversible. This value is also larger 

than those measured in similar alloys measured around room temperature [19][20][22]. 

The strength of the elastocaloric effect expressed in terms of the adiabatic temperature 

change (|ΔTad
me|/|Δσ|) for this alloy shows a value of 49 KGPa-1, which is comparable 

with those presented in Ni54Fe19Ga27 [24]. 



The high values of |ΔSme(T, σ)| and |ΔTad
me| are mainly due to the contribution of 2 

factors: (i) The high value of transformation entropy change in the alloy, related to the 

proximity to the ferro- to paramagnetic transition and (ii) The small temperature range 

where the martensitic transformation occurs (~7 K), which is practically independent from 

the applied stress. This behavior is due to a high compatibility between an important 

group of favored martensitic variants on the direction of the applied stress, which allows 

the induction of a practically full martensitic transformation. 

 

Summary and conclusions 

We have studied the giant elastocaloric effect in a Ga doped Ni-Mn-In alloy by means of 

an indirect method employing length (σ,T) curves, and a direct method via adiabatic 

temperature change during the release of the uniaxial stress. Our sample exhibits a large 

entropy change of ~32 JK-1kg-1 due the application of a low uniaxial stress of 100 MPa 

across the martensitic transformation from this 26 JK-1kg-1 are reversible. The alloy 

presents a reversible ΔTad
me of 4.9 K around room temperature due to the release of 

100 MPa. These values are comparable to those obtained for the magnetocaloric effect 

with high external magnetic field application. The narrow range in temperature where the 

martensitic transformation occurs and the shifting of the transformation temperatures 

allows to induce martensite via stress almost completely; this produces a stress-induced 

entropy change and adiabatic temperature change larger than those shown in similar 



alloys. The alloy shows relative strengths of elastocaloric effect |ΔSme|/|Δσ| and 

|ΔTad
me|/|Δσ|of 320 JK-1kg-1GPa-1 and 49.0 KGPa-1, respectively. 
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induced entropy changes in Fe-doped Ni–Mn–Ga shape-memory alloys,” Appl. Phys. Lett., 
vol. 96, no. 7, p. 071912, 2010. 

[15] P. O. Castillo-Villa, D. E. Soto-Parra, J. A. Matutes-Aquino, R. A. Ochoa-Gamboa, A. Planes, L. 
Mañosa, D. González-Alonso, M. Stipcich, R. Romero, D. Ríos-Jara, and H. Flores-Zúñiga, 
“Caloric effects induced by magnetic andmechanical fields in a Ni50Mn25−xGa25Cox 
magnetic shapememory alloy,” Phys. Rev. B, vol. 83, no. 17, p. 174109, May 2011. 

[16] P. O. Castillo-Villa, L. Mañosa, A. Planes, D. E. Soto-Parra, J. L. Sánchez-Llamazares, H. 
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