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Dr. Croat’s Research: Invention of the Neodymium Magnet and the Rapid 

Solidification Process  

In 1972 Dr. Croat joined the Magnetic Materials Group of the General Motors 

Research Laboratories whose mission was to develop high performance, low-cost 

permanent magnets for use in automotive components. The world economy was 

confronted with the 1973 OPEC oil embargo which significantly increased gasoline 

prices worldwide and greatly stimulated the search for lighter weight automobiles 

with greater fuel economy. Although SmCo5 magnets had been discovered in the 

1960s, all permanent magnet researchers dreamed of discovering a lower cost 

permanent magnet composed of the more abundant, lower cost rare earth elements 

Nd and Pr in combination with Fe.   

In 1982 Dr. Croat discovered the ternary intermetallic phase Nd2Fe14B while 

investigating the effect of various "glass forming elements" like silicon, carbon and 

boron on the properties of rapidly solidified Nd-Fe and Pr-Fe alloys. This 

intermetallic phase is the basis of all families of NdFeB permanent magnets currently 

being produced. The rapidly solidified material became the basis for a new family of 

magnetically isotropic bonded permanent magnets. Although the magnetic strength 

of these bonded magnet is lower than that of a sintered magnet, the alternate method 

for producing NdFeB magnets, thin-walled bonded ring magnets with high thermal 

stability can be rapidly produced that have found wide application in small motors 

for a wide range of industrial, consumer electronic and computer peripheral 

applications.  Such thin-walled ring magnets are almost impossible to produce by 

the sintering process. 

Dr. Croat’s process was later developed into a hot-deformed process in 

which nanocrystalline magnetic powder made by the rapid solidification process is 

hot-deformed in a mold. This led to the development of a family of hot-deformed 

neodymium magnet that possessed an equivalent strength to that of a sintered 

magnet. Notably, the process was capable of producing thin-walled, axially oriented 

ring magnet that are currently being used in high-end servo and stepper motors.  
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