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 Phase Transformation of Fe-N in High Magnetic field Annealing
Ma, B. (University of Minnesota); Mehedi, M.A. (University of Minnesota); Liu, J. (University of Minnesota) and Wang, J. (University of Minnesota)
Introduction 

α”-Fe16N2 is a potential permanent magnet because of its high saturation magnetization and high magneto-anisotropy [1-4]. It is reported that high magnetic field could further increase the phase transformation from α’-Fe8N to α”-Fe16N2 [5]. Through this project, the mechanism of phase transformation and the magnetic properties improvement will be investigated. 
Experimental 

Fe-N compound in the form of bulk, ribbon and powder (as shown in Fig. 1), were annealed at the Cell 7 at the DC Field Facility. The annealing temperature was varied from 140-220 oC at the fixed applied magnetic field of 18 T. Powder samples are in the jar and the wire samples are bound to the rod. During the annealing, the samples have been protected by the gas flow of nitrogen.
Results and Discussion

1. Ribbon samples:
After samples annealed at high magnetic field, their magnetic orientation were greatly improved.  Saturation magnetization MS increases by 23%, and the square ratio is increased up to 0.9 form 0.77, but HC does not change. Then, magnetic energy product has been doubled. It indicates that Fe-N magnet could be an excellent permanent magnet after high magnetic field annealing.

2. Powder samples:
Coercivity does not change after 180 oC annealing at 18 T for 9 h. However, the coercivity increases 15% (from 665 Oe to 770 Oe) after 200 oC annealing for 3 h, and then cooling down to room temperature. 18 T magnetic field is always applied. 
Conclusions

Our results demonstrate that Fe-N could be an excellent permanent magnet after high magnetic field annealing. The mechanism will be further investigated in the following experiments. 
Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida. This work is funded by the Niron gift.

References

[1] http://arpa-e.energy.gov/?q=slick-sheet-project/iron-nitride-based-magnets.
[2] L. H. Lewis, and F. J. Villacorta, Metal. Mater. Trans., 44A, S2 (2013).

[3] J. P. Wang, N. Ji, X. Q. Liu, et. al., IEEE Trans. Magn., 48, 1710 (2012).

[4] Y. F. Jiang, M. A. Mehedi, E. G. Fu, et. al., Scientific report, 6, 25436 (2016).

[5] Y. F. Jiang, V. Dabade, M. P. Brady, et. al., J. Appl. Phys., 115, 17A758 (2014).

     [image: image1.png]


                                  [image: image2.jpg]M (a.u.)

As-prep.

— 180 °C*18 T*9 h
— 200 °C*18 T*3 h

-12.0k -6.0k 0.0
H (Oe)

6.0k





     Figure 1: Fe-N samples, (a) wires, (b) powder.                                   Figure 2: Magnetic properties of the powder sample.

