
Dysprosium:  Materials background 
 
Heavy rare earth elements such as Dy and Tb are used to increase the intrinsic 
coercivity of sintered magnets above a nominal value of 1 T. By substituting Dy 
or Tb for Nd in the Nd2Fe14B lattice the magnetocrystalline anisotropy (HA) of the 
material is substantially increased. However, due to anti-ferromagnetic coupling 
between Dy and Fe, the remanence is reduced accordingly, and so the coercivity 
can only be increased at the expense of remanence and maximum energy 
product using this elemental substitution method. 
 

 
Material 

Saturation 
Magnetization 
Js (300K) [T] 

Magnetocrystalline 
Anisotropy 

mmmm0HA (300K) [T] 

Curie Temperature 
Tc [K] 

Nd2Fe14B 1.60 6.7 568 
Pr2Fe14B 1.56 8.7 569 
Dy2Fe14B 0.71 15.0 598 
Tb2Fe14B 0.70 22.0 620 

 
Other than heavy rare earth substitution, the intrinsic coercivity of a magnet can 
be increased by manipulating microstructural parameters, such as grain size, 
orientation of grains relative to their easy axis and distribution of phases. For 
example, uniformly distributing a very fine array of microstructural defects within 
a magnet, like grain boundaries, can significantly increase its resistance to 
demagnetization. Such features as grain boundaries and non-magnetic 
intergranular phases can obstruct the nucleation and movement of reverse 
domains within Nd2Fe14B magnets. Melt-spun nanocrystalline magnets have 
been exploiting this phenomenon for a number of years. Near stoichiometric 
Nd2Fe14B alloys can be melt-spun to have a room temperature Hci value of 
between 9 and 22 kOe, depending on the grain size, distribution and grain 
boundary phase. 
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Note of the scale. Contrast in microstructures between (1) a 12 kOe anisotropic 
sintered magnet, (2) MQ3 fully dense, hot deformed MQU grain structure and (3) 

a 12 kOe isotropic MQP-14-12 flake  
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Notes: Here are the compositions and magnetics of sintered and 14-12 materials 
for further discussion, particularly around the second quadrant knee. 
 

Table 1: Comparison of Compositional and Magnetic Properties 

                 

 Magnetics at 21 C  
  

 Magnetics 120 C 
  a b  

Grade T.R.E Nd Pr Dy Tb Fe Co B Br Hci BHm Br Hci BHm %/C (%/C) 

N35M 28.86 21.73 6.85 0.18 0.00 67.95 0.04 1.06 12.11 14.88 34.4 10.62 3.57 21 -0.12 -0.77 

N38SH 32.13 20.00 9.17 2.51 0.37 64.00 0.98 1.02 12.41 19.5 36.8 11.03 7.62 27.8 -0.11 -0.62 

N45SH 30.70 18.60 9.91 1.31 0.79 66.04 0.99 0.99 13.27 18.9 41.9 11.79 7.17 31.6 -0.11 -0.63 

MQ1-14-12 26 26 - - - 71 2%Nb 1 6.5 12.2 9 5.6 7.6 6.3 -0.13 -0.40 
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