
 

 

 

 

NdFeB MAGNET GRAIN 
BOUNDARY DIFFUSION 

Industry Research Report 

 

 

 

 

 

 

 

 

Author: Brendan Jephcott 

Date: May 2026 

  



 

 
Page 3  

 

Table of Contents 
Executive Summary ...................................................................................................................................................................................................... 2  

1.0 Introduction to NdFeB Production Process .................................................................................................................................. 6 

1.1 NdFeB magnet product performance indicators ...................................................................................................................... 8 

1.2 NdFeB Magnet Product Grades and Applications .................................................................................................................... 9 

1.2 HREE use in NdFeB Magnets .................................................................................................................................................................11 

1.3 Lingering problem is that HREE are rare and expensive ..................................................................................................... 12 

2.0 GBD used to reduce HREE consumption ......................................................................................................................................17 

2.0 GBD Processing Methods ..................................................................................................................................................................... 24 

2.1 Dysprosium vs terbium substitution ............................................................................................................................................... 26 

2.2 GBD diffusion depth limitations and magnet thickness constraints .................................................................... 28 

2.3 Core-shell microstructure formation mechanisms........................................................................................................... 29 

2.4 Dy and Tb concentration gradients & spatial distribution ........................................................................................... 30 

2.5 Temperature-dependent GBD parameters & heat treatment .................................................................................... 31 

2.6.  Diffusion source: fluorides vs hydrides vs oxides vs metallic HREES ...................................................................... 32 

2.7  Anti-ferromagnetic coupling effects and remanence preservation ....................................................................... 33 

2.8 Oxygen contamination effects and atmospheric control ............................................................................................ 34 

2.9 Grain boundary phase composition, thickness, and magnetic isolation ............................................................. 35 

2.10 Non-uniform diffusion & selective area GBD cost optimisation ................................................................................ 35 

3.0 Commercialisation and Competitive Landscape ..................................................................................................................... 37 

3.1 China ................................................................................................................................................................................................................. 38 

3.2 Japan ........................................................................................................................................................................................................... 44 

3.3 South Korea ............................................................................................................................................................................................. 48 

3.4 United States .......................................................................................................................................................................................... 48 

3.5 Europe ........................................................................................................................................................................................................ 49 

4.0 Market outlook and impact on HREE ............................................................................................................................................. 52 

4.1 Impact on HREE market .................................................................................................................................................................. 54 

References ........................................................................................................................................................................................................................ 56  

Disclaimer ........................................................................................................................................................................................................................ 69  

 

  



 

 
Page 4  

 

Figures 
Figure 1: NdFeB permanent magnet product series samples (illustrative) .................................................................................. 6 
Figure 2: Sintered NdFeB magnet principal production processing flowsheet ........................................................................ 6 
Figure 3: NdFeB magnetic properties and grades ...................................................................................................................................... 9  
Figure 4: Schematic of the microstructure in sintered NdFeB magnets ......................................................................................11 
Figure 5: Global mineral deposits map ............................................................................................................................................................. 13  
Figure 6: Global HREE terbium mineral reserves (by country) .......................................................................................................... 14 
Figure 7: Dysprosium Oxide (Dy₂O₃, 99.5%) spot pricing in 2015 to 2026 .................................................................................... 16 
Figure 8: Terbium Oxide (Tb4O7, 99.5%) spot pricing in 2015 to 2026 ............................................................................................. 16 
Figure 9: Coercivity and magnetisation versus Dy and Tb atomic percent in Nd₃₃Fe₆₇ melt-spun alloys ................17 
Figure 10: NdFeB grade classifications: Max operating temperature and HREE dependency ....................................... 18 
Figure 11: Schematic diagram of NdFeB phase, grain boundary, and diffusion source ...................................................... 19 
Figure 12: Schematic diagram of GBC treatment process ................................................................................................................... 20 
Figure 13: Dispersants containing HREE have a significant effect on improving coercivity of NdFeB ....................... 21 
Figure 14: Comparison of magnetic properties before and after GBD treatment (SDM Magnetics) ........................... 21 
Figure 15: Schematic diagram of grain boundary structure and GBD in sintered NdFeB magnets ........................... 22 
Figure 16: GBD agent coating in production and diffusion effects of different HREE diffusing agents .................... 22 
Figure 17: Combination of GBD and existing sintering processes ................................................................................................... 23 
Figure 18: HREE content per magnet by production technology .................................................................................................... 25 
Figure 19: HREE content per magnet by production technology (Index: Bulk = 100) .......................................................... 25 
Figure 20: Anisotropy field comparison .......................................................................................................................................................... 27  
Figure 21: Dy-Tb cost-performance trade-off ............................................................................................................................................... 27  
Figure 22: Dy concentration gradient from surface ................................................................................................................................ 28 
Figure 23: GBD coercivity enhancement vs depth ................................................................................................................................... 29  
Figure 24: Core-shell thickness optimisation .............................................................................................................................................. 30 
Figure 25: GBD Temperature window quality score ................................................................................................................................ 32 
Figure 26: Diffusion source selection: fluorides Vs hydrides Vs oxides vs metallic HREES ............................................... 33 
Figure 27: TDK HREE-free NdFeB magnets ................................................................................................................................................. 44  
Figure 28: Magnetic property map for high-performance HREE-free neodymium sintered magnet ...................... 46 
Figure 29: Global high-performance NdFeB consumption (2018 to 2028E) .............................................................................. 52 
Figure 30: Dysprosium and Terbium spot prices (2024 to 2026) ..................................................................................................... 54 

 
  



 

 
Page 5  

 

Tables 
Table 1: Sintered NdFeB magnet principal production processing steps ..................................................................................... 7 
Table 2: Main performance indicators required for magnetic materials ....................................................................................... 8 
Table 3: NdFeB magnet working temperature grades ............................................................................................................................ 9 
Table 4: Summary of sintered NdFeB magnet product indicators ................................................................................................. 10 
Table 5: Performance indicators of leading sintered NdFeB permanent magnet producers...........................................11 
Table 6: Key Dy/Tb-bearing deposits by region ........................................................................................................................................... 12  
Table 7: Terbium/HREE reserve base share by country (USGS 2024) .............................................................................................. 13 
Table 8: Projected supply-demand gap (2030) ............................................................................................................................................ 13  
Table 9: NdFeB grade specifications, HREE dependency, and key commercial applications ........................................ 19 
Table 10: Application-specific grade requirements and HREE characteristics ......................................................................... 23 
Table 11: GBD vs conventional bulk alloying: performance and cost comparison ................................................................. 24 
Table 12: Mainstream GBD processing methods ........................................................................................................................................ 26 
Table 13: Dy vs Tb comparison ............................................................................................................................................................................... 26  
Table 14: GBD diffusion depth .............................................................................................................................................................................. 28 
Table 15: HREE diffusion sources ........................................................................................................................................................................ 30 
Table 16: Concentration gradients & spatial distribution ........................................................................................................................ 31  
Table 17: Temperature-dependent GBD parameters & heat treatment ....................................................................................... 32 
Table 18: Anti-ferromagnetic coupling effects and remanence preservation ......................................................................... 34 
Table 19: GBD shell thickness ................................................................................................................................................................................. 35  
Table 20: GBD vs conventional bulk alloying: full commercial comparison .............................................................................. 36 
Table 21: NdFeB Grade HREE Dependency and GBD Relevance...................................................................................................... 37 
Table 22: GBD competitive landscape .............................................................................................................................................................. 37  
Table 23: China rare earth export control timeline (2023 to 2025) .................................................................................................. 38 
Table 24:  JL MAG GBD metrics vs industry .................................................................................................................................................. 40 
Table 25: JL MAG — GBD core technologies ................................................................................................................................................ 40  
Table 26: Dy-free type NEOREC50BF and NEOREC47HF .................................................................................................................... 45  
Table 27: HREE-saving technology and the heavy-rare-earth-free technology of Proterial ........................................... 47 
Table 28: GBD effects in VACODYM/VACOMAX ........................................................................................................................................... 51  
Table 29: Key high-performance NdFeB demand drivers .................................................................................................................... 52 
Table 30: HREE market key metrics — dysprosium vs terbium ........................................................................................................ 55 
 

  


