
Coexistence of conventional and inverse magnetocaloric effects and critical
behaviors in Ni50Mn50−xSnx (x = 13 and 14) alloy ribbons
The-Long Phan, P. Zhang, N. H. Dan, N. H. Yen, P. T. Thanh et al. 
 
Citation: Appl. Phys. Lett. 101, 212403 (2012); doi: 10.1063/1.4767453 
View online: http://dx.doi.org/10.1063/1.4767453 
View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v101/i21 
Published by the American Institute of Physics. 
 
Related Articles
Critical behavior and magnetic-entropy change of orthorhombic La0.7Ca0.2Sr0.1MnO3 
J. Appl. Phys. 112, 093906 (2012) 
Reversible solid-state hydrogen-pump driven by magnetostructural transformation in the prototype system
La(Fe,Si)13Hy 
J. Appl. Phys. 112, 083918 (2012) 
Magnetocaloric effect and nature of magnetic transition in nanoscale Pr0.5Ca0.5MnO3 
J. Appl. Phys. 112, 083917 (2012) 
On the estimation of the magnetocaloric effect by means of microwave technique 
AIP Advances 2, 042120 (2012) 
Magnetocaloric properties of La0.7Ca0.3Mn16O3 and La0.7Ca0.3Mn18O3 manganites and their “sandwich” 
Appl. Phys. Lett. 101, 172401 (2012) 
 
Additional information on Appl. Phys. Lett.
Journal Homepage: http://apl.aip.org/ 
Journal Information: http://apl.aip.org/about/about_the_journal 
Top downloads: http://apl.aip.org/features/most_downloaded 
Information for Authors: http://apl.aip.org/authors 

http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/233908216/x01/AIP/HA_Explore_APLCovAd_1640x440_Nov2012/APL_HouseAd_1640_x_440_r2_v1.jpg/7744715775302b784f4d774142526b39?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=The-Long Phan&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=P. Zhang&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=N. H. Dan&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=N. H. Yen&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=P. T. Thanh&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4767453?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v101/i21?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4764097?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4759438?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4759372?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4764295?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4761953?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov


Coexistence of conventional and inverse magnetocaloric effects and critical
behaviors in Ni50Mn502xSnx (x 5 13 and 14) alloy ribbons

The-Long Phan,1 P. Zhang,1 N. H. Dan,2 N. H. Yen,2 P. T. Thanh,2 T. D. Thanh,1,2

M. H. Phan,3 and S. C. Yu1,a)

1Department of Physics, Chungbuk National University, 361-763 Cheongju, South Korea
2Institute of Materials Science, Vietnam Academy of Science and Technology, Cau Giay, Hanoi, Vietnam
3Department of Physics, University of South Florida, Tampa, Florida 33620, USA

(Received 19 September 2012; accepted 31 October 2012; published online 21 November 2012)

A systematic study of the conventional and inverse magnetocaloric effects and critical behaviors in

Ni50Mn50�xSnx (x¼ 13 and 14) alloy ribbons has been performed. We show that although the

magnetic entropy change around the second-order ferromagnetic-paramagnetic (FM-PM) transition

(DSm � �4 J/kg K) in the austenitic phase is about five times smaller than that around the first-order

martensitic-austenitic (M-A) transformation (DSm � 22 J/kg K), the refrigerant capacity (RC) – an

important figure of merit – is about two times larger for the former case (RC � 160 J/kg) than for the

latter case (RC � 75 J/kg). This finding points to an important fact that to assess the usefulness of a

magnetocaloric material, one should not only consider DSm but also must evaluate both DSm and RC.

Our critical analysis near the second-order FM-PM transition reveals that Sn addition tends to drive

the system, in the austenitic FM phase, from the short-range (x¼ 13) to long-range (x¼ 14) FM

order. VC 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4767453]

A temperature change (DTad) or a magnetic entropy

change (DSm) in a magnetic material subject to an external

applied magnetic field under adiabatic conditions is known as

the magnetocaloric effect (MCE).1 This effect was first dis-

covered in an iron sample and has long been explored in para-

magnetic (PM) salts to attain temperatures below 1 K for

cryogenic applications.1,2 Recently, much attention has been

paid to the discovery of magnetic materials exhibiting large

MCEs around 300 K with potential for room-temperature

magnetic refrigeration applications.2–4 As compared to con-

ventional vapour-cycle refrigeration techniques, magnetic

refrigeration based on the MCE yields a higher cooling effi-

ciency, leading to energy savings and limiting environmental

pollution.1 Before the potential of this technology can be fully

realized, however, it is vital to develop materials that are cost-

effective and exhibit large DSm over a wide temperature

range, namely a large refrigerant capacity (RC).4 The RC is

considered an important figure-of-merit for magnetic refriger-

ation and is determined not only by the magnitude of DSm but

also by its temperature dependence.5–7 It has been reported

that magnetic materials undergoing a field-induced/first-order

magnetic phase transition (FOMT), such as Gd5(SixGe1�x)4,

Mn-Fe-P-As, and LaFe1�xSixHy, show giant MCEs.2,3 How-

ever, the observed MCEs are often restricted to narrow tem-

perature ranges resulting in small values of RC. An opposite

trend has been observed in materials displaying a second-

order magnetic transition (SOMT).5–7 In addition, hysteretic

losses associated with the FOMT are usually very large and

therefore detrimental to the RC, whereas these effects are very

small or negligible in the case of the SOMT materials.5

Ni50Mn50�xZx-based Heusler alloys (Z¼ In, Sn, Sb, or

Ga) are an interesting class of material as they have been

reported to exhibit interesting physical phenomena, includ-

ing exchange bias, FM shape memory, and giant MCEs.8–12

It is worth mentioning that both conventional and inverse

MCEs associated with negative and positive values, respec-

tively, of DSm coexist in these systems. While previous stud-

ies were mainly focused on exploring the inverse MCE in

Ni50Mn50�xSnx alloys and suggested that the large values of

DSm (�18–20 J/kg �K for l0DH¼ 5 T) observed in these

alloys were ideal for active magnetic refrigeration.8,10,11

Recent works have revealed that the hysteresis behavior is

equally important and must be considered in evaluating the

inverse MCE in these Heusler alloys.13–15 In this context, it

is essential to investigate the influences of FOMT and

SOMT on the MCE and RC of the material. A systematic

study of a correlation between the conventional MCE and

critical parameters near the second-order FM-PM transition

is also needed to shed light on the nature of magnetic interac-

tions in the martensitic and austenitic phases in these

systems.

In this letter, we attempt to address these important and

unresolved issues by conducting a systematic study of the

magnetocaloric effects and critical behaviors in melt-spun

Ni50Mn50�xSnx (x¼ 13 and 14) alloy ribbons, in which the

austenitic phase coexists with (x¼ 13) or dominates over

(x¼ 14) the martensitic phase. Our study highlights the fact

that a large value of DSm is not the sole factor in assessing the

usefulness of a magnetocaloric material, as other figures of

merit – in particular the RC – may be unfavorable. In addition,

magnetic hysteresis losses must be taken into account in calcu-

lating the RC in the case of FOMT materials. Sn addition has

also been shown to drive the Ni50Mn50�xSnx system, in the

austenitic ferromagnetic phase, from the short-range (x¼ 13)

to long-range (x¼ 14) FM order.

Ni50Mn50�xSnx alloy ribbons with x¼ 13 and 14 were

fabricated by a melt-spinning method. Two initial ingots of

Ni50Mn37Sn13 and Ni50Mn36Sn14 prepared by arc-melting

from high-purity Ni, Mn, and Sn powders (4 N) were melted

in a quartz crucible and ejected onto a spinning copper druma)Electronic mail: scyu@chungbuk.ac.kr.
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with a tangential speed of 40 m/s. This process was carried out

in an argon atmosphere. The resultant ribbons had a width and

thickness of approximately 2 mm and 30 lm, respectively.

Before the preparation of the ingots, investigations on the

compensation of the elements with a low-melting point (such

as Sn and Mn) were carried out carefully to achieve alloys

with the expected compositions. Room-temperature structural

analyses of the obtained ribbon samples using x-ray diffrac-

tion (XRD) revealed that besides the main phase correspond-

ing to an austenitic L21-cubic structure (space group: Fm3m)

with a lattice parameter of a¼ 5.983 Å for x¼ 13 and

a¼ 5.992 Å for x¼ 14, there is a trace amount of an additional

phase, which is assigned to an orthorhombic structure of 10 M
martensite (space group: Pmma). The intensity of XRD peaks

related to this secondary phase decreases quickly with increas-

ing Sn content in Ni50Mn50�xSnx, due to the development of

the austenitic phase.7 The magnetic and magnetocaloric prop-

erties of the samples were measured by using a superconduct-

ing quantum interference device (SQUID), where the

temperature and applied magnetic field varied from 4.2 to

360 K and from 0 to 5 T, respectively. The temperature inter-

val between magnetic field isotherms was 2 K near the phase

transition temperatures and 5 K in other regions. Magnetic

measurements were carried out using a warming protocol.

Figure 1 shows the temperature dependence of zero-

field-cooled (ZFC) and field-cooled (FC) magnetizations,

MZFC(T) and MFC(T), for Ni50Mn50�xSnx. Under an applied

field (H) of 15 mT, Figs. 1(a) and 1(b) show the feature of

samples with structural and magnetic phase transitions.1,9,16

With increasing temperature, the x¼ 13 sample exhibits a

phase transition at �250 K, which is known as the Curie tem-

perature of the martensitic phase (TM
C ).1 This transition is

absent in the x¼ 14 sample, because the crystalline fraction of

the austenitic phase is dominant. A first-order M-A transition

occurs in both samples, with TM-A¼ 255 K for x¼ 13 and

165 K for x¼ 14. The downward shift of TM-A for x¼ 14 is

consistent with previous observations that Sn-doping contrib-

utes to the development of the austenitic phase, eventually

leading to the complete suppression of the M-A transition for

x> 18.9,16 A separation between MFC(T) and MZFC(T) appears

at the so-called irreversibility temperature of 235 K (<TM
C ) for

x¼ 13 and 178 K (< TM-A) for x¼ 14. The degree of this sepa-

ration has been seen to grow larger in alloys with lower Sn

content, where the martensitic phase was dominant and differ-

ent types of structure (such as 10 M, 14 M, and L10) coex-

isted.9 In other words, the coexistence of FM and AFM

interactions, and/or FM clusters in Ni50Mn50�xSnx alloys

could create short-range FM ordering states in the martensitic

phase that is manifested in the FC-ZFC splitting of the mag-

netization.9,16 For T > TM-A, a FM-PM transition (TA
C) appears

in the austenitic phase. The values of TA
C determined from the

minima of dM/dT curves are 302 K for x¼ 13 and 310 K for

x¼ 14. Notably, a hump indicated by asterisks in Figs. 1(a)

and 1(b) can be related to inhomogeniety in crystal structure

or to the presence of FM clusters, which often appear around

the martensitic-start temperature.9 This feature has been only

observed in Ni50Mn50�xSnx ribbons subject to low applied

fields but disappeared as the applied field became sufficiently

high (see Fig. 1(c), MFC(T) curves for l0 H¼ 1.2 T).

To evaluate the MCE in the Ni50Mn50�xSnx (x¼ 13 and 14)

samples, isothermal magnetization, M(H), curves were measured

around the phase transition temperatures for different magnetic

fields up to 5 T. Figure 2 shows M(H) curves recorded at selected

temperatures. For x¼ 13, at temperatures below 245 K, the 5 T

magnetization decreased gradually with increasing temperature

(Fig. 2(a)), due to the FM-PM transition in the martensitic phase.

At higher temperatures from 245 to 258 K, however, besides a

sharp increase in the magnetization, a sudden change of slope

can be observed in the M(H) curves at �3.8 T, which is associ-

ated with the metamagnetic M-A transition.8,9,16 Above 258 K,

the metamagnetic behavior disappears and high-field magnetiza-

tion decreases with increasing temperature as TA
C is approached.

The x¼ 14 sample (Fig. 2(b)) exhibits a similar temperature de-

pendence of the M(H) curves, with the appearance of the meta-

magnetic feature occurring at �4.5 T in the temperature range of

150–170 K. We note that the values of saturation magnetization

(Ms) in the ferromagnetic austenitic phase are significantly larger

for x¼ 14 (Ms� 80 emu/g) than for x¼ 13 (Ms� 55 emu/g).

FIG. 1. MZFC(T) and MFC(T) for Ni50Mn50�xSnx alloy ribbons under applied

fields of (a), (b) 15 mT, and (c) 1.2 T.

FIG. 2. Representative M(H) curves for (a) x¼ 13 and (b) x¼ 14 alloy ribbons

recorded at different temperatures.
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From the M(H) isotherms shown in Fig. 2, the DSm of

the Ni50Mn50�xSnx (x¼ 13 and 14) samples has been calcu-

lated using the Maxwell relation1

DSm ¼ l0

ðH

0

@M

@T

� �
H

dH; (1)

where M is the magnetization, H is the magnetic field, and T
is the temperature.

Figure 3 shows temperature dependence of DSm of the

samples for applied fields up to 5 T. It can be observed that

both conventional (negative) and inverse (positive) MCEs

coexist, with an increase of the applied field enhancing abso-

lute values of DSm. For l0DH¼ 5 T, the maximum magnetic

entropy change, DSmax, associated with the inverse MCE are

22 J/kg K and 20 J/kg K around TM-A¼ 255 K and 165 K for

x¼ 13 and 14, respectively. These values are greater than

those of a Ni50Mn37Sn13 ingot (DSmax � 18 J/kg K)1 or

Gd5Si2Ge2 (jDSmaxj � 19 J/kg K).2 However, the large DSmax

values are only retained in a very narrow temperature range

(DTFWHM � 5 K) due to the nature of the first-order M-A

phase transformation. The resultant RC values are therefore

expected to be relatively small, as shown below.

For the case of conventional MCE with negative DSm val-

ues, the minima of the DSm(T) curves occurred at TA
C for both

samples. For l0DH¼ 5 T, the values of jDSmaxj � 4 J/kg �K in

the austenitic range are relatively small, but the DSm(T) curves

are distributed over a wide temperature range (DTFWHM � 58 K

and 97 K for x¼ 13 and 14, respectively), due to the nature of

the SOMT. The broadening of DSm(T) curves around TA
C can be

expected to enhance RC of the samples. In addition to the abso-

lute minima associated with TA
C, the x¼ 13 sample also exhib-

ited an additional minimum with jDSmaxj � 1 J/kg �K for

l0DH¼ 5 T around 225 K, which can be attributed to the Curie

temperature of the martensitic phase.

As noted above, the RC is an important factor in assess-

ing the usefulness of a magnetocaloric material. The RC val-

ues of the Ni50Mn50�xSnx (x¼ 13 and 14) samples have been

calculated from the relation17

RC ¼ �
ðT2

T1

DSmðTÞdT; (2)

where T1 and T2 are the temperatures of the cold end and the

hot end of an ideal thermodynamic cycle, respectively,

defined by the full width at half maximum of the DSm(T)

peak. The RC is plotted as a function of magnetic field and

the results are displayed in insets of Fig. 3 for the cases

around TM-A and TA
C. As one can see clearly in these insets,

the RC increased in alloys with higher Sn contents. It

is worth noting that for l0DH¼ 5 T, the DSm around TA
C

(DSm � �4 J/kg K) is about five times, in magnitude, smaller

than that around TM-A (DSm � 22 J/kg K), but the RC is

about two times larger for the former case (RC � 160 J/kg)

than for the latter case (RC �75 J/kg). Furthermore, it has

been noted that large field hysteresis losses usually involve

in FOMT materials.5 Because the field hysteresis losses are

the costs in energy to make one cycle of the magnetic field,

they must also be considered when calculating the RC of a

magnetic refrigerant material being subjected to field cy-

cling.5 In the case of Ni50Mn50�xSnx Heusler alloys, the hys-

teresis behavior is important and must be considered in

evaluating RC for the case of the inverse MCE around TM-A.

In particular, for applied magnetic fields higher than a criti-

cal field (the field at which the metamagnetic transition

occurs, meaning �3.5 T for x¼ 13 and �4 T for x¼ 14),

magnetization process is not reversible and field hysteresis

losses have been found to be significant. In this case, we

have subtracted the average hysteretic losses from the RC

values calculated without accounting for the hysteretic

losses. After subtracting the large field hysteresis losses that

accompany the metamagnetic first-order M-A transition, the

RC values taken at 5 T for the x¼ 13 and 14 samples are

found to decrease considerably from RC¼ 70 and 80 J/kg to

54 and 69 J/kg, respectively. These results suggest that for

assessing the usefulness of a magnetocaloric material, one

must take into account both DSm and RC, particularly in the

case of the metamagnetic transitions that can yield “giant”

values of DSm. Field hysteresis losses must also be consid-

ered and subtracted from the calculated RC for the case of

FOMT materials.

In order to understand the difference in magnitude of

jDSmaxj values determined around the phase transitions in

Ni50Mn50�xSnx Heusler alloys, it is important to investigate

their critical behaviors near these transitions. In the present

FIG. 3. DSm(T) curves for Ni50Mn50�xSnx ribbons with (a) x¼ 13 and

(b) x¼ 14 under applied fields of 1–5 T. The insets of each figure correspond

to magnetic-field dependences of RC around the phase-transition tempera-

tures of TM-A and TA
C.
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case, it is difficult to analyze the critical behavior of the mar-

tensitic second-order phase of Ni50Mn50�xSnx (x¼ 13) rib-

bons, as martensitic FM and AFM states coexist and are

close to the M-A transformation. For the austenitic phase,

critical behaviors in the vicinity of TA
C have been character-

ized by critical exponents of b, c, and d, which are associated

with temperature dependences of the saturation magnetiza-

tion Ms(T), inverse initial susceptibility v0
�1(T), and critical

isotherm M, respectively. Theoretically, the asymptotic rela-

tions in SOMTs are described by18

MsðTÞ ¼ M0ð�eÞb for e < 0; (3)

v0
�1ðTÞ ¼ ðh0=M0Þec for e > 0; (4)

M ¼ DH1=d for e ¼ 0; (5)

where e¼ (T�TA
C)/TA

C is the reduced temperature, and M0,

h0, and D are critical amplitudes. Additionally, in the critical

region, the static-scaling hypothesis18 predicts that the iso-

thermal magnetization (M) is a universal function of e and H

MðH; eÞ ¼ jejbf6ðH=jejbþcÞ; (6)

where fþ and f� are regular functions for T> TA
C and T<TA

C,

respectively. This equation implies that, by plotting M/eb versus

H/ebþc, all data points with T< TA
C and T> TA

C are expected to

fall into f� and fþ branches, respectively. The determination of

the critical parameters (i.e., TA
C, b, c, and d) is based on modi-

fied Arrott plots.19 Detailed descriptions of the modified-Arrott

method can be found elsewhere.18,19 For x¼ 13, the critical

values of b¼ 0.385 6 0.035 and TA
C ¼ 303.4 6 0.6 K from fit-

ting Ms(T) data to Eq. (3), and of c¼ 1.083 6 0.060 and

TA
C ¼ 303.9 6 0.3 K from fitting v0

�1(T) data to Eq. (4) were

determined (Fig. 4(a)). Their averaged TA
C value of 303.6 K is

used for further discussion. With these critical parameters, the

construction of M/eb versus H/ebþc plots reveals that the

M(H) data fall into two universal curves, one for tempera-

tures below TA
C (the f� branch, associated with the FM phase)

and the other for temperatures above TA
C (the fþ branch, asso-

ciated with the PM phase, Fig. 4(b)). A similar analysis has

been performed for the x¼ 14 sample. As shown in Figs.

4(c) and 4(d), this sample possesses b¼ 0.496 6 0.015,

c¼ 1.024 6 0.059, and TA
C ¼ 304.5 K (the average value).

Using the Widom scaling relation of d¼ 1þ c/b, we have

obtained d values of 3.82 and 3.01 for x¼ 13 and 14, respec-

tively, which are close to those obtained from fitting isother-

mal magnetizations at temperatures T � TA
C to Eq. (5). These

results prove the reliability of the TA
C, b, and c values obtained

in our work.

In comparison with the results obtained from the stand-

ard models, including mean-field theory (MFT, b¼ 0.5,

c¼ 1.0, and d¼ 3.0), the 3D Heisenberg model (b¼ 0.365,

c¼ 1.336, and d¼ 4.80), and the 3D Ising model (b¼ 0.325,

c¼ 1.241, and d¼ 4.82),18 we find that the c values obtained

from the present ribbon samples (c¼ 1.083 and 1.024 for

x¼ 13 and 14, respectively) are very close to that of MFT

(c¼ 1.0). This suggests that the x¼ 13 and 14 ribbons exhibit

a similar PM characteristic at temperatures T>TA
C. This hy-

pothesis is supported by the fact that the data of M(H) as

T> TA
C fall completely into the fþ branch (see Figs. 4(b) and

4(d)). However, the situation becomes different when the

critical behaviors of the austenitic FM phase are examined.

While the b value of the x¼ 13 sample is close to that

expected for the 3D Heisenberg model, the b value of the

x¼ 14 sample is close to that expected for MFT. This points

to the existence of a short-range FM order in the x¼ 13 sam-

ple, but a long-range FM order in the x¼ 14 sample for

T< TA
C. The occurrence of the short-range FM order in

the x¼ 13 sample is reasonable, due to the co-existence of

FM/AFM interactions associated with the martensitic phase

FIG. 4. Ms(T) and v0
�1(T) data fitted to the crit-

ical relations and static-scaling performances

for Ni50Mn50�xSnx with (a), (b) x¼ 13 and

(c), (d) x¼ 14.

212403-4 Phan et al. Appl. Phys. Lett. 101, 212403 (2012)



and the M-A transformation.8,16 This is reflected by small

deviation of the Ms(T) data around 294 K from the fitting

curve (Fig. 4(a)) and the scattering of some M(H) point data

at temperatures T< TA
C from the f� branch (Fig. 4(b)). For

the x¼ 14 sample, the austenitic phase is dominant over the

martensitic one, so the occurrence of the long-range FM

order is expected. This is supported by the observation that

the experimental data of Ms(T), v0
�1(T), and M(H) around

TA
C are well described by the asymptotic relations (Figs. 4(c)

and 4(d)). Notably, the transformation of short-to-long range

FM orders as the x value in Ni50Mn50�xSnx changed from 13

to 14, respectively, reduces the DSm slightly but enhances

RC significantly at a given field and reduces the impact of

field hysteresis losses around TM-A.

In summary, we have systematically studied the conven-

tional and inverse magnetocaloric effects and critical behav-

iors in melt-spun Ni50Mn50�xSnx (x¼ 13 and 14) ribbons. We

show that although the magnetic entropy change associated

with the SOMT is about five times smaller than that associated

with FOMT, the refrigerant capacity is larger for the former

case. The hysteresis losses are large and significantly reduce

RC in the case of the FOMT. Our study confirms that large

DSm should not be the sole factor in assessing the usefulness

of a magnetocaloric material, and magnetic hysteresis losses

must be taken into account for RC in the case of FOMT mate-

rials. The Sn addition has been found to transform the

Ni50Mn50�xSnx system, in the austenitic ferromagnetic phase,

from the short-range (x¼ 13) to long-range (x¼ 14) ferromag-

netic order.
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