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--------------------------------------------------------ABSTRACT----------------------------------------------------------- 

This paper represents some new experimental results about thermal, mechanical and magnetic properties in 

NiMnGaFe ferromagnetic shape memory alloy. Ni54Mn18Ga20Fe8 polycrystalline shape memory alloy was 

fabricated by an arc melting device providing inert argon gas atmosphere. Martensitic transformation (MT) 

temperatures of Ni54Mn18Ga20Fe8 alloy were determined by DSC and the crystal structure of alloy was 

investigated by XRD. Shape memory effect of alloy was determined by TMA and after the necessary calculations 

are made, the results are found as the residual strain r = 3, shape memory effect SME = 2.6 and the recovery 

rate = 86.6%.  The magnetic properties were determined using Mossbauer spectroscopy. The magnetic 

properties were determined using Mossbauer spectra. The results demonstrated that the presence of two phases 

coexist which are gamma phase and martensitic phase. 
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I. INTRODUCTION 
Technological studies require the production of materials suitable for the purpose of use. In this context, 

intensive studies have been made on NiMnGa alloys and these alloys continue to be investigated. The aim of the 

researches is to increase the quality and usage areas of the alloys with various chemical and physical effects. 

Along with many of the features found, the study of these alloys still requires the discovery of new features. 

From the beginning of 2000s, NiMnGa ternary ferromagnetic shape memory alloys (FSMAs) have attracted a 

huge interest since they have some unique features compared to other smart materials some of which are 

response to an applied magnetic field and quick response time to it [1-6]. On closer inspection of ferromagnetic 

shape memory alloy class, the largest magnetic induced strains under a magnetic field have been observed in 

NiMnGa ternary alloy systems with different element ratios [1]. This observed large strains have made NiMnGa 

FSMAs as a potential candidate of smart material for developing new kind of actuators that can produce a large 

displacement [7]. 

 

Unfortunately, the NiMnGa ternary alloy systems have some problems in terms of using them in industrial 

applications some of these drawbacks are; magnetic output power, low Curie temperature, brittleness and 

ductility. Having studied the literature, it can be found that the addition of some elements may enhance some of 

disadvantages. Investigations to improve the easy breakage of NiMnGa-based alloys continue at full speed. Up 

to this point, it has been shown that tackling the brittleness properties of these alloys is possible either by 

increasing the Ni content in the alloy or making the alloy quaternary by adding an extra element such as Fe, Cu 

and Co [8-12]. It was found that Fe addition reinforced the toughness and brittleness of the NiMnGa alloy 

preserving the characteristics such as magnetic and thermoplastic properties [13]. However, few works have 

been made to declare the magnetic properties of Fe added NiMnGa quaternary alloys with other works at the 

same time including shape memory effect and magnetic, thermal and mechanical properties. This study seeks for 

some answers about a wide range of properties of Ni54Mn18Ga20Fe8 ferromagnetic shape memory alloy, and in 

this way it is also aimed to make some useful contribution to shape memory alloy field. 

 

II. EXPERIMENTAL 
In order to produce a high purity alloy, elements constituting the alloy (Nickel 99.98%, Manganese 99.9%, 

Gallium 99.9% and Iron 99.9%) were remelted in an Arc Melter for five times in an inert argon gas atmosphere 

to reach desired high homogeneity target, after this consecutive melting procedure alloy was remelted in a 

different copper mold for the last time to get Ni54Mn18Ga20Fe8 ingot with diameter 3 mm and length 70 mm. 

The alloy was taken into a quartz tube, thereafter homogenization process was performed at 900 °C for 22 hours 
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in a high temperature furnace and then quenched into ice water which is pre-prepared. After quenching, the heat 

treated alloy was cut with the slow speed diamond saw to get some slices in preparation for analyzes. Sample for 

SEM observations was mechanically polished using different thickness sandpaper and then chemically etching 

procedure was performed in a chemical mixture including 99 ml methanol, 2 ml nitric acid and 5 g ferric 

chloride. The chemical composition of produced alloy was determined by Energy Dispersive X-ray (EDX) 

analysis, which is equipped in SEM, averaged from five data points. Sample for compression and 

thermomechanical analysis was cut from the quenched alloy with 5 mm length (diameter was 3 mm). 

Thermomechanical analysis was performed on a Thermomechanical Analyzer (TMA SDTA 841, Mettler 

Toledo) heating and cooling rate of 10 °C min-1 and the temperature scale for thermomechanical analysis was 

between 30 °C and 600 °C. Before thermomechanical analysis, the sample was compressed by 6% using 

Shimadzu EHF-LV005K2-010 and crosshead speed was chosen as 0.2 mm/min, and then compressed sample 

was put into TMA to perform thermomechanical cycle from room temperature to 600 °C. In order to identify 

phase structure of alloy is either single or dual, X-ray diffraction (XRD, Bruker D8 advance)) measurement was 

taken with Cu Kα radiation on powder sample at room temperature at the range of 20°-100° with the scanning 

rate of 1°/min. The phase transformation temperatures, which are Ms, Mf, Mp, As, Af and Ap, of alloy were 

determined by DSC (DSC1, Mettler Toledo) using nitrogen gas at the heating and cooling speed of 10 °C/min. 

The Mossbauer spectroscopy measurement of grinded alloy was measured at room temperature. 57Co-Rh source 

with an activity of 50mCi was used in Mossbauer spectra measurement. Calibration of speed scale was provided 

by α-Fe. Fitting procedure of the obtained spectra was made by a fit program called Win Normos. 

 

III. RESULTS 
3.1Microstructure Analysis 

Fig. 1 shows the SEM analysis result of Ni54Mn18Ga20Fe8 alloy after annealing and etching procedure were 

done. It can be seen from Fig. 1 that the polycrystalline alloy is composed of two-phase, martensite given by the 

letter of M and gamma phase given by the symbol of .The  result is compatible that two phase microstructure 

consist of martensite and  phase have reported earlier by other authors [9]. The microstructure of martensite 

phase has been observed as layered form, and fine layers, martensite twins and grain boundaries can be seen 

clearly from Fig. 1. Fig. 2 shows XRD result of Ni54Mn18Ga20Fe8 alloy. XRD method is a useful method to 

determine the crystal structure of alloys, in this study XRD measurement is performed at room temperature (from 

2 = 20 to 2 = 100 and the scanning rate was chosen as 1°/min) . The results showed that martensite and 

austenite peaks coexist, which is consistent with the SEM results given in Fig. 1. Typical martensite peaks can be 

seen easily from Fig. 2, the crystal lattice parameters of the martensitic phase is found as a tetragonal type and 

the second phase is the face-centered cubic  phase. 

 

 
Figure 1. Microstructure of Ni54Mn18Ga20Fe8 alloy. 
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Figure 2. X-ray diffraction pattern. 

 

Differential scanning calorimeter (DSC) curve of Ni54Mn18Ga20Fe8 alloy is shown in Fig. 3. DSC peaks 

measured during heating and cooling revealed the MT temperature of alloy. Martensite start and finish (Ms, Mf) 

and austenite start and finish (As, Af) temperatures were determined by a practical method which is known as 

tangent intersection method in DSC analysis. Start and finish transformation temperatures (Ms, Mf, As, Af) of 

Ni54Mn18Ga20Fe8 alloy are found as 219.79, 207.04, 262.2, 286.44 °C, respectively. 
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Figure 3. DSC curves of Ni54Mn18Ga20Fe8 alloy at a temperature rate of 10 °C/min. 

 

3.2 Shape Memory Effect 

Shape memory effect (SME) of Ni54Mn18Ga20Fe8 alloy is determined by two sequential processes. Before the 

TMA test, cylindrical sample (diameter 3 mm and length 5 mm) is compressed in static test at room temperature 

as given in Fig. 4. Static test result showed that alloy is broken at 8% strain. This test was made to determine 

how much strain is suitable to have been carried out. After compression test it was decided that 6% strain is 

enough to check shape memory effect. 
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Figure 4. The compressive stress-strain curve of Ni54Mn18Ga20Fe8 alloy at room temperature. 

 

Cylindrical sample (Ø3 mm × 5 mm) that was cut from the same ingot strained 6% and then one 

thermomechanical cycling was performed as in Fig. 5. The temperature range for thermomechanical cycling was 

from 25 °C to 600 °C and from 600 °C to 25 °C consecutively. The SME was calculated using the dimensional 

change of alloy before heating and after reverse transformation after the removal of length change due to thermal 

expansion as shown in Fig. 5.  The details of the calculation are as follows: the length of sample was measured 

before loading (l0), after unloading (l1) and after thermomechanical cycling (l2). The residual strain after 

unloading (r) and the SME were calculated as r = (l0-l1)/l0 × 100%, and SME = (l2-l1)/l0 × 100%, 

respectively. The recoverable rates were calculated as: R = SME/r [14]. After the necessary calculations are 

made, the results are found as r = 3, SME = 2.6 and the recoverable rate of 86.6%.  
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Figure 5. TMA curve of Ni54Mn18Ga20Fe8 alloy during thermomechanical cycle. 

 

3.3. Mossbauer Results 

Mossbauer spectroscopy is used to determine the concepts that the transitions between the energy levels in the 

core, the energy widths of the excited levels and their lifetimes, the core electric quadrupole moments, and the 

core magnetic dipole moments, the symmetry of the surrounding atoms or atom groups and hyperfine magnetic 

splitting (Zeeman effect). In this study Mossbauer spectroscopy is used to determine the local ordering, the 

magnetic moments and the magnetization orientation in Fe containing Ni54Mn18Ga20Fe8 alloy. Mossbauer 

spectroscopy is a well-known technique that can determine some parameters such as isomeric shift, internal 

magnetic splitting and quadruple splitting in Fe containing alloys.  

 

In order to investigate Mossbauer spectra of Ni54Mn18Ga20Fe8 quaternary alloy, which had a bulk rod form 

before, was grinded firstly. Average particle size, which was found as 148.6 nm, was measured by Zetasizer. 

Then the powder sample is set for Mossbauer spectra. The 57Fe Mossbauer spectra and fitted curves are shown 

in Fig. 6.   
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Figure 6. Mossbauer spectra of Ni54Mn18Ga20Fe8 alloy 

 

Three essential interactions may be observed during Mossbauer measurements these are Isomeric shift (I.S) 

which is a chemical shift, quadruple splitting (Q.S) which splits a state into two, producing a doublet in 

the Mossbauer spectrum and Hyperfine magnetic splitting (Hhf) also knows as Zeeman effect that leads to 

different effects such as shifts or splitting in the energy levels of atoms. Isomeric shifts of the alloy, volume 

ratios of internal phase structures and magnetic orientations of the austenite and martensite structures are 

presented by Mossbauer spectra in Fig. 6. Measured values are given in TABLE 1. For the ferromagnetism state, 

the sum of sextet 1 and sextet 2 is 75.989%, while the sum of singlet and doublet is found 24.011% which means 

paramagnetic structure. 

 

Table 1. Parameters of Mossbauer Spectra of Ni54Mn18Ga20Fe8 alloy (Hhf : hyperfine magnetic field,  I.S: 

isomer shift, Q.S: quadrupole splitting, W: line width, RA: Relative area) 

 
Spectral 

Componet 

I.S. 
(mm s-1) 
(±0.003) 

Q.S. 
(mms-1) (±0.005) 

Hhf 

(T) 
(±0,03) 

Volume 
(%) 

 

Sextet 1 

Sextet 2 

Doublet 
Singlet 

0.0061 
0.0624 
0.071 

0.0157 

0.0033 
-0.0592 
0.3309 

- 

33.226 
30.48 

- 
- 

52.489 
23.5 

17.478 
6.5322 

 

IV. CONCLUSION 
The present study reveals that the Ni54Mn18Ga20Fe8 alloy has good shape memory effect with the recoverable 

rates of 86.6%. Phase characteristics are determined DSC, SEM and Mossbauer results which are consistent with 

each other that all confirms alloy has two-phase together at the same time. It is noteworthy that the SME 

behaviors of two-phase Ni54Mn18Ga20Fe8 alloy has no similarity from those of other high temperature shape 

memory alloys [15, 16]. Influence of Fe addition on martensitic transformation temperatures is investigated and 

found that the addition of Fe element is increased the martensitic transformation temperature compared to 

previous studies made by some other researchers [17, 18]. 
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