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Introduction 

Permanent magnets are an integral part of modern technology because they convert 
mechanical energy to electrical energy and back. They are called “permanent” because they are 
very difficult to demagnetize due to high magnetization Ms, coercivity Hc, remanence Br, and 
anisotropy Hk. Current advanced permanent magnets are made from rare-earth elements, 95% of 
which are currently produced in China. In August 2009, it was revealed that China’s Ministry of 
Industry and Information Technology will restrict the amount of rare-earths exported and place 
greater controls on rare-earth mines [1]. Consequently, prices have increased tenfold. In order to 
ensure our technology future, it is imperative to reduce our dependence on foreign rare-earth 
permanent magnets.  

Recent research has focused on equiatomic ordered ferrous alloys such as L10 type FePt 
and FePd as model systems for rare-earth-free permanent magnets. While the magnetic 
properties of these alloys are very promising, platinum and palladium are both expensive. FeNi 
also forms an L10 phase that was first discovered in 1962 by Paulevé, Dautreppe, Laugier, and 
Néel  [2]. They formed the phase by neutron irradiation of FeNi and found that it has high 
uniaxial anisotropy constants (K1=3.2 x 106, K2 = 2.3 x 106 ergs/cm3) and high saturation 
magnetization (Ms =1300 emu/cc ) but it is only stable to 320 °C and has extremely low 
diffusivity [3]. Due to such slow diffusion, L10 FeNi is only naturally found in meteorites, in 
which the phase forms over millions of years. In order to approach L10 FeNi, we plan to 
substitute Ni into FePd to form L10 Fe50Pd(50-x)Nix. Végard’s law predicts that the thermal 
stability will vary linearly with Ni concentration. We plan to conduct basic scientific research on 
L10 Fe50Pd(50-x)Nix to determine magnetic properties and thermal stability. 

 
Figure 1: Disordered FCC structure (left) and L10 ordered FCT structure (right). Black atoms are 

Fe, white atoms are Pd (or Ni), and gray atoms have equal probability of being Fe or Pd/Ni. 

Results and Discussion 
Disordered alloys of Fe50Pd(50-x)Nix (x = 0, 2.5, 5) were formed by arc-melting. The 

samples were then sealed in evacuated quartz tubes and annealed at 550 °C for 100 h. 
Crystallographic analysis was done by x-ray diffraction (XRD) and magnetic analysis by 
superconducting quantum interference device (SQUID) magnetometry.  

Disordered FePd is FCC but it becomes tetragonal upon ordering. This tetragonality 
causes a splitting of peaks in the XRD spectra. The L10 ordered structure is shown in Figure 1 
compared to the disordered FCC structure. The L10 structure has alternating layers of iron and 
palladium (or nickel) in the [001] and [011] directions. These alternating layers result in 
additional peaks in the XRD spectra known as superstructure peaks. After annealing, FePd 
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