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Magnetic Properties of Doped Mn-Ga Alloys
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Introduction

Mn-Ga alloys have shown promising hard magnetic properties, even though these alloys contain no rare-earth metals.  However, much work is needed before rare-earth magnets can be replaced. We report the magnetic properties of bulk alloys made with partial replacement of both the Mn and Ga components elements in the Mn0.8Ga0.2 system with compatible alloying elements. 
Experimental 

Bulk samples of Mn-Ga-Bi, Mn-Ga-Al, Mn-Fe-Ga and Mn-(FeB)-Ga alloys were fabricated and studied using mechanically milling and heat treatments while altering the atomic percentage of the third element between 2.5 and 20 at%. The heat treatments were undertaken with and without high magnetic field up to 31 T.  

The crystallographic structure was determined by x-ray diffraction (XRD) taken at room temperature, using Cu Kα1 radiation.  Magnetic properties were investigated by a vibrating sample magnetometer (VSM) in a physical property measurement system (PPMS) capable of fields up to 9 T (Quantum Design).  Each sample was cut into an approximately cubic shape before magnetic testing to simplify geometrical demagnetization factors.  The measurements were performed at room temperature.   
Results and Discussion


  Samples were found to have a major phase of (Mn,Fe)3Ga or Mn3(Ga,Bi) similar to the Mn3Ga with the tetragonal DO22 structure and exhibit significantly improved hard magnetic properties compared to Mn-Ga alloys1[]
. Samples with optimized Bi content have coercivity Hc of 16.6 kOe and remanence Mr of 7.4 emu/g. Bi addition increases the remanence by 60 %, as shown in Fig. 1. The magnetic properties of samples with nominal chemistries of (Mn0.75Fe0.05)Ga0.2 and (Mn0.75Fe0.025B0.025)Ga0.2 change with heat treatment temperatures (Fig. 2). The magnetic properties are optimized when addition of 2.5 at% Fe and 2.5 at% B is added and sample is annealed at 360 C.  At this fabrication condition, coercivity reaches 15.3 kOe and remanence reaches 9.9 emu/g. The optimized chemistry and heat treatment conditions increase the remanence by 115%, as shown in Fig. 2. Annealing of the materials in high magnetic field shifts the optimized heat treatment temperatures in most cases. In summary, elemental substitution is an effective approach to increasing the magnetic remanence while maintaining a high coercivity.  
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	Fig. 1 ) remanence ,Mr, of heat treated samples containing 2.5 at. % of a third element in place of Ga.
	Fig.2 Remanence, Mr, of heat treated samples containing 5 at. % of a third element in place of Mn.
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