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ABSTRACT 

The term “Intermetallics” is usually concerned with all aspects of ordered 

chemical compounds between two or more metals whose crystal structure differs from 

that of its constituent metallic components. Among the big family of Intermetallics, 

Ni-Mn-based Heusler alloys have drawn much attention during last two decades due 

to their important multifunctional properties such as shape memory effect, 

magnetocaloric effect, exchange bias effect, large magnetoresistance, etc.  

The main objective of this thesis is to develop Ni(Co)-Mn-Al class of ductile 

Heusler metamagnetic shape memory alloys with high magnetization value and high 

Curie temperature. The present research work reported in the thesis are thus the 

experimental studies on the “Structural, Electrical and Magnetic Properties of Ni-Mn-

Al based Intermetallics”. For this purpose we have chosen two series of quaternary 

Heusler alloys (i) Ni(Co)-Mn-Al and (ii) NiMnAl(Si) in polycrystalline ribbon form, 

and one series of (iii) Ni(Co)-Mn-In in thin film form. While making the choice of 

materials, the points kept in mind were to learn the fundamental aspects of these off-

stoichiometric Heusler alloys and also to study these materials from application point 

of view. Large exchange bias effect was also noted in some of these polycrystalline 

ribbons. 

The results of the structural, magnetic, thermal and electrical properties 

obtained on these three alloy series under optimized experimental conditions are 

presented in four different Chapters 3 - 6. Chapter 1 gives a general introduction 

about the Heusler alloys, with the statement of the problem, typical physical 

properties, and applications of such alloys and review of the literature. Motivation and 

objective of thesis are also highlighted in this chapter. Chapter 2 summarizes the 
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experimental techniques and equipments used throughout this research, both for synthesis 

and characterization of the samples. Chapter 3 deals with the structural, electrical and 

detailed magnetic properties of Ni54-xCoxMn26-xAl20 (x = 0, 6, 11) polycrystalline 

ribbons. Thermomagnetization data at different magnetic fields show metamagnetic 

shape memory behaviour in the (Ni48Co6)Mn26Al20 polycrystalline ribbons. A large 

part of the results are published in Singh et al., Journal of Applied Physics 114, 

243911 (2013). Low temperature magnetic property of this sample is investigated in 

detail by considering the presence of competing magnetic interactions. Neel 

temperature (TN) ~170 K and Curie temperature (TC) ~200 K is analyzed by Arrott-

plot analysis. Chapters 4 and 5 deal with the structural, magnetic and transport 

properties of Ni-Mn-Al(Si) polycrystalline ribbons. In Chapter – IV, we have 

analyzed the detailed structural, thermal, magnetic and exchange bias properties of 

Ni56Mn21Al22Si1 polycrystalline ribbons. A large part of the results are published in 

Singh et al., Journal of Magnetism and Magnetic Materials, 394, 143 (2015). It has 

been obtained that the sample Ni56Mn21Al22Si1 shows the maximum exchange bias of 

2.6 kOe at 2 K. These ribbon samples show the martensitic transformation above 

room temperature. Low temperature thermomagnetization data show the spin-glass 

behaviour in these samples. In Chapter – V, the detailed structural, thermal, magnetic 

and exchange bias effect of Ni54Mn19Al24Si2 polycrystalline ribbons have been carried 

out; some part of this work is published in Singh et al.,  Physica B: Condensed Matter 

448, 143 (2014). A detailed study of deposition and characterization of thin films of 

Ni(Co)-Mn-In Heusler alloys by RF magnetron sputtering have been discussed in 

Chapter 6. The last Chapter 7 highlights the salient features and major conclusions of 

the present study and scope of future work in quaternary Heusler alloy series. 
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