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Öz 

 
Bu çalışmada, Mn2 ve Sn1 bileşenleri antiferromanyetik etkileşimli Ni50Mn36Sn14 Heusler alaşımının 

(NiMnSn-HA) manyetik özellikleri, etkin alan teorisinde Kaneyoshi yaklaşımı kullanılarak araştırılmıştır. 

NiMnSn-HA ve bileşenleri, TC'de ikinci derece faz geçişi, Mn2 bileşeni ayrıca Tt'de zayıf bir birinci 

derece faz geçişi and dalgalı bir histerezis davranışı sergiler. Tt'nin altında, NiMnSn-HA ve bileşenleri, 

yüksek zorlayıcılığa bağlı sert bir manyetik karakteristik gösterirken sıcaklık TC'ye yaklaştıkça yumuşak 

manyetiktirler. Bu davranışların, Mn2 ve Sn1 bileşenlerinin antiferromanyetik etkileşiminden 

kaynaklandığı söylenebilir. 

 

Anahtar Kelimeler: Ni50Mn36Sn14 Heusler alaşımı, Yumuşak manyetik karakter, Histeris eğrileri, 

Zorlayıcılık, Etkin alan teorisi 

 

Soft Magnetic Characteristic of Ni50Mn36Sn14 Heusler Alloy 

 

Abstract 

 
In this study, the magnetic properties of Ni50Mn36Sn14 Heusler alloy (NiMnSn-HA) with the 

antiferromagnetic interaction between Mn2 and Sn1 components were investigated by using Kaneyoshi 

approach within the effective field theory. NiMnSn-HA and its components display the second order 

phase transition. Its Mn2 component also exhibit a weak first order at Tt and a fluctuating hysteresis 

behavior below Tt. While NiMnSn-HA and its components show a hard magnetic characteristic below Tt. 

They are soft magnetic as the temperature approaches to TC. It can be said that these behaviors are due to 

antiferromagnetic interaction between Mn2 and Sn1 components. 
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1. INTRODUCTION 
 

Materials called soft magnetic have low coercivity; 

on the other hand those named hard magnetic 

possess high coercivity [1]. There are a variety of 

soft magnetic alloys being commercially 

important: ferrites, iron and low-carbon steels, 

iron-silicon, iron-aluminum-silicon, nickel-iron, 

iron-cobalt, and amorphous alloys. Detecting the 

soft magnetic characteristic of the material is still 

of great interest as it is important to many 

commercial areas: T.V. shadow mask, T.V. gun, 

lead frame, induction cooking, magnetic shielding, 

sensor, etc. It was experimentally reported by Wei 

et al. Fe-Co-Ni-Si-B high entropy amorphous 

alloys composites (HEAACs) show good soft 

magnetic properties [2]. The synthesised and 

characterised elastomer materials with a complex 

hybrid filler based on large magnetically hard 

grains of FeNdB and small magnetically soft 

carbonyl iron particles and investigations on 

magnetic hybrid Elastomers (MHEs) for their 

technical implementation as sensor systems with 

adaptive magnetically controllable sensitivity 

range made by Becker et al. [3]. Fan et al. 

investigated the silane surface modification effect 

on the microstructure, temperature resistance, 

tensile strength, rated current under DC-bias 

superposition and magnetic properties of 

phosphatized iron-based soft magnetic composites 

(SMCs) playing a key role in power chip 

inductors, making operating at higher rated 

currents possible [4]. Alnasir et al. studied the 

magnetic properties of nanoparticles of Gd5Si4 and 

its substitutional derivatives to explore their 

efficacy of as agents of self-controlled magnetic 

hyperthermia [5]. Hsiang et al searched for the 

effect on the relationships between the phosphate 

insulation coating microstructure and physical and 

magnetic properties of iron-based soft magnetic 

composites [6]. Sunday et al examined the future 

of SMCs, which required low core losses and high 

magnetic permeability at various frequency ranges 

for diverse applications such as aerospace and 

automobiles [7]. Lauda et al carried on studying 

the magnetic properties of a new soft magnetic 

composite consisting of a commercial FeSi 

powder, whose particles are covered with MnZn 

ferrite as an insulating layer [8]. A novel magnetic 

hysteresis behavior in BaTi1.2Co1.2Fe9O19-δ ferrite 

at low temperature was investigated by Feng et al. 

[9]. Magnetic performance of the MnNi–FeCo 

core–shell nanostructures tuned by the thickness 

and stoichiometry of the FeCo Shell was studied 

by Shen et al. [10] and the electrodeposition of 

NiMn nanowires in AAO template performed in 

chloride bath and the crystal structure, 

morphology, and the magnetic properties of 

nanowires by Fathi et al. [11]. There are theoretical 

investigations on the composition-dependent 

crystal structure, elastic modulus, phase stability, 

and magnetic property of Ni2−xCoxMn1.60Sn0.40 

studied by using first-principles calculations in 

combination with atomistic spin dynamics method 

by Li et al. [12]. The example of α-Fe crystal by 

using Quantum model of a hysteresis in a single-

domain magnetically soft ferromagnetic was 

searched for by Ignatiev et al. [13]. The hysteresis 

phenomena for small NiMnGa single crystals 

embedded in a polymer matrix for slowly varying 

magnetic fields were reported by Conti et al. [14] 

and the hysteresis behaviours of a Ising-type-

segmented nanowire on the dependence of the 

composition, temperature and geometric by Kantar 

[15].  

 

The magnetic properties of NiMnSn Heusler alloys 

were investigated experimentally and theoretically. 

There are experimentally investigations on the 

formation of the Ni2MnSn Heusler alloy by solid 

state reaction from elemental powders [16]. The 

effects of boron addition on the microstructure, 

magnetic, mechanical, and shape memory 

properties of Ni50Mn40−xSn10Bx polycrystalline 

alloys were examined [17]. The effects of the 

composition alteration on the magnetization and 

shape memory behavior of Ni50Mn40-xSn10+x alloys 

were reported [18]. The microstructural and phase 

transition characteristics of melt spun ribbons of 

Heusler alloys with starting selected compositions 

Ni50Mn37Sn13, Ni50Mn36Sn14, and Ni50Mn40Sn10 

were given in the literature [19]. The crystal 

structure and morphological and crystallographic 

features of the microstructure in 4O modulated 
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martensite of an NiMnSn alloy were given [20]. 

Temperature dependent magnetostrains in 

polycrystalline magnetic shape memory Heusler 

alloys were mentioned [21]. The cytotoxicity and 

ion release from an Ni50Mn36Sn14 atomic percent 

composition meta-magnetic shape memory alloy 

were evaluated using NIH/3T3 fibroblasts [22]. 

The magnetic properties of the parent and 

martensite phases of Ni2Mn1+xSn1-x and 

Ni2Mn1+xIn1-x and the magnetic field-induced 

shape memory effect obtained in NiCoMnIn alloy 

were reported [23]. The martensitic transition and 

magnetic entropy change of the Ni51Mn49-xSnx 

were searched for [24]. Magnetic and magneto-

optical properties NiMnSb1-xSnx compounds [25] 

and the giant magnetic refrigeration capacity of 

Co-doped in a Ni40Co10Mn40Sn10 HA were 

mentioned [26]. The effect of Fe substitution on 

the antiferromagnetic fraction in martensitic 

Ni2Mn1.44Sn0.56-type HA [27], and the magnetic 

characterizations of the intermartensitic phase 

transition in Ni50Mn38Sn12 HA ribbons were given 

[28]. The effect of Si doping at Sn site on 

structural, magnetic and exchange bias properties 

of the HA system Ni50Mn36Sn14-xSix were studied 

[29]. Nevertheless, there are rare investigations 

with using first-principles calculations, Monte 

Carlo calculation and effective field theory (EFT) 

on the NiMnSn Heusler alloys can be seen in the 

literature on the magnetic properties of the 

metamagnetic Heusler alloy (Ni, Co)–Mn–Sn by 

means of first principles simulations [30], the 

phase transitions in Ni-Mn(Z)-Sn (Z=3d transition 

metals) [31], and the influence of the valance 

electron concentration on the tetragonal 

transformation in Ni2Mn1+xSn1-x and Co2Ni1+xGa1-x 

[32], and the martensitic phase transition and phase 

stability of Ni8Mn6Sn2-xInx shape memory alloys 

were studied [33]. The magnetic and structural 

properties of Ni(Cu, Co)MnSn Heusler alloys for 

the magnetocaloric effect were investigated by 

using density functional theory combined with 

Monte Carlo simulations of a classical Heisenberg 

model [34], lattice location effect of Ni50Mn36Sn14 

HA and surface superconductivity in Ni50Mn36Sn14 

HA were examined by using Kaneyoshi approach 

within effective field theory (EFT) [35, 36]. In this 

work, the magnetic properties of Ni50Mn36Sn14 HA 

are investigated by using Kaneyoshi approach 

(KA) [37-40] within the effective field theory. 

There are many researches by using Kaneyoshi 

approach within EFT: the binary Nickel/Bizmuth 

alloy [41], the honeycomb structured thin film 

[42], single-, two- and three-layer [43-45], Ising 

nanographene systems, and carbon diamond 

nanolattice [46], composite Ising nanoparticles 

consisting of core and shell [47], cubic nanowire 

[48], the sc, bcc and fcc nanolattices [49], 

hexagonal Ising nanowire [50], the nanowire 

system consisting of composite core and shell [51], 

transverse Ising nanowire [52], cubic nanowire 

with core and shell [53], cylindrical Ising 

nanowires [54-55], the cylindrical core and shell 

spin-1 ising nanowire [56], spin-1 Ising nanotube 

[57], the kinetic cylindrical Ising nanotube [58], 

cylindrical transverse spin-1 Ising nanowire [59], 

Ising-type segmented nanowire (ISN) [15], the 

antiferromagnetic YBCO-7 superconductor [60], 

one-dimensional Ising system (1DIS) [61], a Ising-

type endohedral fullerene (EF) with a doped 

magnetic spin-1/2 particle confined within a 

spherical cage (by diluted magnetic spin-1 

particles) [62], etc. 

 

In the present study, it is aimed to obtain hard and 

soft magnetic characteristics of Ni50Mn36Sn14 

Heusler Alloy with antiferromagnetic exchange 

interaction between Mn2 and Sn1. It is assumed 

that Ni50Mn36Sn14 Heusler Alloy                                                                                                                                                                              

consists of spin-1/2 Ising particles [35,36]. Its 

magnetic properties is investigated by using 

Kaneyoshi approach (KA) within the effective 

field theory. 

 

The paper is arranged as follows. In Section 2, the 

teoretical method is given. The detailed numerical 

results and discussions are presented in Section 3. 

Finally, Section 4 is devoted to a summary and a 

brief conclusion. 

 

2. THEORETICAL METHOD 
 

In our previous works, it was investigated that the 

lattice location effect of Ni50Mn36Sn14 HA, where 
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all the exchange interactions are ferromagnetic (J1, 

J2, J3, J4 and Jint>0) [35], and the surface 

superconductivity in Ni50Mn36Sn14 HA, where 

exchange interaction between Ni and Mn or Sn 

components is antiferromagnetic and the other 

exchange interactions are ferromagnetic (J1, J2, J3, 

J4>0 and Jint<0) [36]. In this work, the effect of the 

antiferromagnetic exchange interaction between 

Mn2 and Sn1 components (J1, J3, J4 and Jint >0 and 

J2<0) on the magnetic properties of Ni50Mn36Sn14 

Heusler alloy were studied by using Kaneyoshi 

approach within EFT. The schematic 

representation of NiMnSn-HA and its components 

is presented in Fig. 1 [35,36]. It is assumed that 

NiMnSn-HA has five different magnetic atoms 

and they are Mn1, Mn2, Sn1, Sn2 and Ni, which 

are spin-1/2 particles [35,36].  

 

 
Figure 1. The modeled crystal structure of NiMnSn-HA and its components [35,36] 
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The Ising Hamiltonian of NiMnSn-HA is given by, 

where, S 1z    is the Pauli spin operator. h  is the 

external magnetic field. J1 (between Mn1 and 

Sn1), J2 (between Mn2 and Sn1), J3 (between Mn2 

and Sn2), J4 (between Ni atoms) and Jint (between 

Mn1 or Mn2 or Sn1 or Sn2 and Ni atoms) are the 

exchange interactions between two nearest-

neighbor atoms of the lattice of NiMnSn-HA. The 

interactions are obtained by using the relation that 

J=k/nd  [35, 36, 41, 43, 46, 49], where, nd is the 

normalized lattice constant that obtained from the 

real lattice constant (d=5.9931Å) of NiMnSn-HA 

[29,35,36] and defined as nd=d/1Å. J1, J2, J3, J4  

and Jint are given by as follows: 

(1) 
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1 3 4J =J =J =2k/nd=0.3337, k=1>0  (ferromagnetic) 

2J =2k/nd=-0.3337, k=-1<0  (antiferromagnetic) 

intJ =4k/( 3nd)=0.3854, k=1>0 (ferromagnetic) 

 

The magnetizations of NiMnSn-HA and its 

components by using Kaneyoshi approach [35, 36] 

are given by 
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where, / x    is the differential operator and 

the function of FS-1/2(x) is defined by as follows for 

the spin-1/2 Ising particles. 

 

 tanh ( )( )
-1/2

x hF x
s

    (4) 

 1/ ( )B Ak T   (5) 

 

where, kB and TA is the Boltzmann’s constant and 

the absolute temperature, respectively. In this 

work, the temperature and the external magnetic 

field is /B AT k T J  and H=h/J, respectively. TA is 

an absolute temperature, and its unit is Kelvin. T is 

a reduced temperature, and it has no any unit. 

Furthermore, H is a reduced external magnetic 

field. Namely, J (Joule)=kBTA; TA= J (Joule)/kB 

(Kelvin); T=kBTA/J (Joule)=Kelvin/Kelvin= 

unitless. It is used that “T” (the reduced 

temperature) instead of “kBTA/J” and “H” (the 

reduced external magnetic field) instead of “h/J” in 

all of the figures and in our paper. 

 

3. THE NUMERICAL RESULTS 

 
It is depicted that the magnetization versus 

temperature plots of of NiMnSn-HA and its 

components  (Mn1, Mn2, Sn1, Sn2, and Ni) at zero 

external magnetic field (M(T) plots) as seen in Fig. 

2. The HA and its components, except for its Mn2 

components, display the only one second-order 

phase transitions from the ferromagnetic (F) phase 

to paramagnetic (P) phase at TC=2.204 (where TC 

is Curie Temperature). This ferromagnetic 

behavior of the HA is a quantitatively in 

accordance with the theoretical report of 

Ni50Mn36Sn14 Heusler alloy by Duran [35] and 

with the experimental reports of the Mn57Fe-y 

Ni2Mn1.44Sn0.56 sample by Passamani et al. [27].  

(3) 
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Figure 2. The crystal structure of NiMnSn-HA and its components 

 

The Mn2 component display a reentrant phase 

transition not only the weak first order phase 

transition, which it appears like a second order 

phase transition at the transition point, from F to F 

at transformation temperature (Tt) both also the 

second phase transition from F to P at TC.  It is 

known that first-order phase transitions display a 

wide variety of behaviors and thermodynamic 

quantities generally show the discontinuity 

behavior or s-shape at the transition temperatures. 

Furthermore, the first-order phase transitions 

which appear like a second-order at the transition 

point are named as weak first order phase 

transitions [63-65]. It is clearly seen that the 

reentrant behavior of the Mn2 component is due to 

antiferromagnetic interaction between Mn2 and 

Sn1 components. It is thought that the reentrant 

behavior of the Mn2 component is due to 

antiferromagnetic interaction between Mn2 and 

Sn1 components. This reentrant phase transition is 

in good agreement with the reentrant phase 

transition of simple cubic spin-1 Ising model at 

low temperature region reported by Özkan et al. 

[63]. 

 

In Fig. 3a-f, the magnetization versus the external 

magnetic field curves of NiMnSn-HA and its 

components (M(H) curves) were presented to 

investigate the effect of the temperature on the 

hysteresis loops at T<Tt. It was clearly seen that 

NiMnSn-HA and its components have the 

hysteresis loops with hard ferromagnetic 

characteristic, which is related to high coercivity. 

These results, except for those of its Mn2 

components, are a quantitatively good accordance 

with the theoretical report of Ni50Mn36Sn14 Heusler 

alloy by Duran [35] and with the experimental 

reports of Ni50Mn36Sn14 alloy by Li et al. [66], 

Mn2Ni1.6Sn0.4 melt-spun ribbons by Singh et al. 

[67], Ni50Mn36Sn14-xSix alloys by Raji et al. [29], 

Ni50Mn40-xSn10+x alloys by Aydogdu et al. [18]. In 

Fig. 3a-f, the magnetic hysteresis loops of 

NiMnSn-HA and its components have the same 

decreasing coercive field (HC) while the 

temperature increases from 0.25 to 0.55, but they 

have the same increasing coercive field while the 

temperature is at 0.55 < 𝑇 < 1.00. They have the 

same HC started to decrease at T=1.00. 

 

As the temperature increase, while the remanence 

magnetizations (Mr) values of its Sn2 and Ni 

components equal to 1 in Fig. 3d and Fig. 3e, the 

Mr values of NiMnSn-HA and other components 

decrease as seen in Fig. 3a-c and 3f. On the other 

hands, its Sn2 and Ni components display a sharp 

F hysteresis loop at T<Tt. It is said that its Sn2 and 

Ni components can have harder ferromagnetic 

characteristic because of the higher coercive fields 

according to those of NiMnSn-HA and other 

components at T<Tt. In addition, in Fig. 3b, its 

Mn2 component displays a fluctuating 

ferromagnetic hysteresis behavior unlike the 

others. 
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Figure 3.  M(H) magnetic hysteresis loops of, (a) Mn1, (b) Mn2, (c) Sn1, (d) Sn2, (e) Ni component 

and (f)  NiMnSn-HA for T<Tt 

 

It is thought that the fluctuating ferromagnetic 

hysteresis behavior of the Mn2 component is due 

to antiferromagnetic interaction between Mn2 and 

Sn1 components. At T=0.25, it starts to decrease at 

H=0.432 while the magnetization increase from -

1.000 to -0.678 between −1.000 ≤ 𝐻 ≤ 0.431. 

This behavior continues to the magnetization value 

of -0.586 at H=0.439 and the magnetization rises 

suddenly up 1.000 at HC=0.440. At T=0.35, 

similarly, it starts to decrease at H=0.307 while the 

magnetization increases from -1.000 to -0.711 

between −1.000 ≤ 𝐻 ≤ 0.306. This behavior 

continues to the magnetization value of -0.770 at 

H=0.328 and the magnetization rises suddenly up 

0.986 at HC=0.329. At T=0.45, similarly, it starts 

to decrease at H=0.264 while the magnetization 

increases from -1.000 to -0.731 between 

−1.000 ≤ 𝐻 ≤ 0.263. This behavior continues to 

the magnetization value of -0.780 at H=0.294 and 

the magnetization rises suddenly up 0.970 at 

HC=0.295. At T=0.55, similarly, it starts to 

decrease at H=0.154 while the magnetization 

increases from -1.000 to -0.752 between 

−1.000 ≤ 𝐻 ≤ 0.153. This behavior continues to 

the magnetization value of -0.987 at H=0.237 and 

the magnetization rises suddenly up 0.898 at 

HC=0.238. At T=0.75, while the magnetization 

increases from -0.969 to -0.752 between 

−1.000 ≤ 𝐻 ≤ 0.045. it decreases up to -0.928 at 

0.046 ≤ 𝐻 ≤ 0.258 and it starts to increase at 

H=0.259. This behavior continues to the 

magnetization value of -0.922 at H=0.261 and the 
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magnetization rises suddenly up 0.828 at 

HC=0.262. For T=1.00, while the magnetization 

decreases from -0.919 to -0.749 between 

−1.000 ≤ 𝐻 ≤ 0.236 it starts to increase at 

H=0.237. This behavior continues to the 

magnetization value of -0.748 at H=0.258 and the 

magnetization rises suddenly up 0.762 at 

HC=0.259. 

 

 
Figure 4.  M(H) magnetic hysteresis loops of (a) Mn1, (b) Mn2, (c) Sn1, (d) Sn2, (e) Ni component and 

(f)  NiMnSn-HA for Tt<T<TC 

 

In Fig. 4a-f, M(H) curves of Ni50Mn36Sn14 Heusler 

alloy and its components for Tt<T<TC are 

depicted. It can clearly be seen that NiMnSn-HA 

and its components have the F hysteresis loops. 

The hysteresis loops of Ni50Mn36Sn14 and its 

component have the same coercive field (HC) 

decreasing as the temperature incereases. 

Ni50Mn36Sn14 Heusler alloy and its components 

undergo the hysteresis loops with soft magnetic 

characteristic, which has low coercivity, as the 

temperature approach to TC. It is seen the 

remanence magnetizations (Mr) of Ni50Mn36Sn14 

HA and its components decrease as the 

temperature increases. As seen in Fig. 4b, its Mn 

component displays a classic F hysteresis loop at 

Tt<T<TC. In that case, it can be suggested that its 

Mn2 component displays a weak first order phase 

transition at a temperature value between 1.00 to 

1.25 according to the hysteresis behaviors. These 

ferromagnetic hysteresis behaviors are in a good 

accordance with the theoretical report of 

Ni50Mn36Sn14 Heusler alloy by Duran [35] and 

with the experimental reports of Ni50Mn36Sn14 

alloy by Li et al. [66], Mn2Ni1.6Sn0.4 melt-spun 

ribbons by Singh et al. [67], Ni50Mn36Sn14-xSix 

alloys by Raji et al. [29], Ni50Mn40-xSn10+x alloys 

by Aydogdu et al. [18].  
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Fig. 5. M(H) magnetic hysteresis loops of (a) Mn1, (b) Mn2, (c) Sn1, (d) Sn2, (e) Ni component and (f)  

NiMnSn-HA for T>TC 

 

The HC values of the HA and its components are 

zero and the hysteresis loops of NiMnSn-HA and 

its components lose at T>TC as it is seen in Fig. 

5a-f. As the temperature increases, the hysteresis 

loops change into a straight line approaching the 

slope zero. Then, NiMnSn-HA and its components 

display P hysteresis behavior at T>TC. This result 

is in agreement with P hysteresis behavior of 

NiMnSn-HA in our previous works [35, 36] and 

the Ni48Co2Mn39Sn11 alloy by Cong et al. [68]. 

 

4. CONCLUSIONS 
 

The magnetic properties of Ni50Mn36Sn14 Heusler 

alloy with the antiferromagnetic exchange 

interaction between Mn2 and Sn1 components 

were investigated by using Kaneyoshi approach 

within the effective field theory. Ni50Mn36Sn14 

Heusler alloy and its components display the 

second order phase transition from the 

ferromagnetic to the paramagnetic at TC=2.204. In 

addition, its Mn2 component also has the weak 

first order phase transition from ferromagnetic to 

ferromagnetic at Tt. On the other hand, it exhibits a 

reentrant phase transition. It can be said that its 

reentrant behavior is due to antiferromagnetic 

interaction between Mn2 and Sn1 components. 

Ni50Mn36Sn14 Heusler alloy and its components 

show a hard magnetic characteristic with high 

coercivity. Mn2 component exhibits a fluctuating 

ferromagnetic hysteresis behavior. And it can be 

said that the fluctuating ferromagnetic hysteresis 

behavior of Mn2 component is due to 

antiferromagnetic interaction between Mn2 and 

Sn1 components, below Tt. At Tt<T<TC, the 

hysteresis loops of NiMnSn-HA and its 
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components have the same coercive field (HC) 

decreasing as the temperature incereases and they 

undergo soft magnetic characteristic, which has 

low coercivity, as the temperature approaches to 

TC. NiMnSn-HA and its components have 

paramagnetic hysteresis curves at T>TC. The 

numerical results in this work are in accordance 

with the some experimental and theoretical results 

of NiMnSn alloys. As a result, it can be suggested 

that its Mn2 component displays a weak first order 

phase transition at a temperature value between 

1.00 to 1.25 according to M(T) and M(H) curves. 

And it can be thought that NiMnSn-HA can be 

used in various applications as not only a soft 

ferromagnetic magnetic material due to its low 

coercivity near TC and but also a hard 

ferromagnetic magnetic material due to its high 

coercivity at low temperature. 
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