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Superparamagnetism in the Martensitic Phase of Ni50-xCoxMn40Sn10
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Introduction

The quaternary shape memory alloys Ni50-xCoxMn40Sn10 (5 ≤ x ≤ 8), exhibit low thermal hysteresis and a dramatic change in their magnetic properties across the martensitic transformation at temperatures TM > 300 K [1, 2]. These features are important for technological applications. The material transitions from ferromagnetic (F) in the austenite phase at T > TM to a weakly magnetic phase (no long-range order) in the martensitic phase at T <TM. 
Experimental 

Polycrystalline alloy samples (x = 0, 7 and 14) were produced by crushing melt-prepared ingots of high purity material. NMR spin echo measurements were made as a function of T in zero applied field by utilizing the very large internal hyperfine fields at 55Mn sites (20- 45 T).
Results and Discussion


The NMR spectra for x = 0, 7 and 14 samples at 1.6 K, given in Fig.1, show the emergence of new magnetic features with increasing x.  For x = 0 and 7 the spectra reveal mixed magnetic phases with coexisting F and antiferromagnetic (AF) clusters. Interestingly, for x = 7 there are two distinct F regions, attributed to high and low Co concentrations, respectively. The F clusters coexist with an inhomogeneous AF matrix at low T. Both F regions have nanoscale size distributions as derived from the spectral area vs.T plots over the range 1.6 – 200 K shown in Fig. 2. The distribution of F cluster radii (assuming spherical clusters) is shown as the inset in Fig. 2. The AF clusters are significantly smaller than the F and exhibit dynamical properties which make the signals unobservable for T > 10 K. The x = 14 alloy does not undergo a martensitic transition and has no AF component. This alloy again shows two F regions attributed to high and low local Co concentrations. For both x = 7 and 14 the results give a distribution of NMR blocking temperatures linked to distributions of nanocluster sizes. The variations in structure are likely due to the coexistence of mixed austenite and martensite nanophases.
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   Fig.1 55Mn NMR spectra for Ni50-xCoxMn40Sn10                                          Fig. 2  55Mn NMR spectral areas for Ni43Co7Mn40Sn10
   (x = 0, 7 and 14) at 1.6 K:  AF (blue) and F (red)                          vs. T:  AF (blue) and F (red) 
Conclusions

Hyperfine field NMR provides a powerful means for obtaining information on the magnetic nature of the Ni-Co-Mn-Sn alloys at the nanoscale. The findings provide considerable insight into the origins of the macroscopic magnetic behavior of these materials.
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