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bhp Brake horsepower 

BLI Battery limits investment 
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$/Mgal  Dollars per thousand gallons 
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Abstract 
The main driving force behind the magnitude of rare-earth minerals (REMs) is green technologies. As the focus shifts 

toward renewable energy sources, the market for light rare-earth elements (LREEs), especially neodymium (Nd) and 

praseodymium (Pr), is anticipated to grow significantly since NdPr oxide is the primary raw material used to make 

permanent magnets (neodymium-iron-boron [NdFeB] magnets) for wind turbines and electric vehicles (EVs). The market 

for permanent magnets accounts for between 70% and 80% of the rare-earth oxide (REO) sector's total value.  

The production of NdPr oxide from rare-earth chloride (RECl3) is covered in this review, while Part I discussed the 

production of RECl3 from run-of-mine (ROM) of the California-based Mountain Pass bastnäsite ore because mineral 

processing of bastnäsite ore to produce NdPr oxide is a complex multistep process. The production of NdPr oxide 

involves the solvent extraction step (in the order of samarium [Sm] > Nd > Pr > cerium [Ce] > lanthanum [La]) using 40% 

saponified 2-ethylhexyl 2-ethylhexyphosphonic acid (PC88A) in kerosene, followed by the precipitation of Sm, Nd, and Pr 

(in the form of oxalates) using oxalic acid, and then roasting to produce individual oxides and NdPr oxide. While 

precipitating with sodium bicarbonate (NaHCO3) gives respective carbonates of cerium and lanthanum, further roasting 

produces individual oxides. This Part II of the analysis includes an economic evaluation for a mineral processing plant 

located at a US Gulf Coast location that can produce 1,358.76 metric tons per year (t/y) of NdPr oxide from RECl3, which 

contains 16.4% of neodymium chloride (NdCl3) and 3.35% of praseodymium chloride (PrCl3) along with other RECl3 (Ce, 

La, and Sm) by weight. The technology presented here would be of great interest to industrial sectors and grassroots 

plants willing to produce NdPr oxide for the renewable energy sector.    

The process flow diagrams, material balance, major equipment list with specifications, cost information for battery limits, 

variable costs, capital expenditure (capex) and operating expenditure (opex), and total production costs are evaluated in 

this analysis. The technological and economic assessment of the process is the Process Economics Program (PEP)’s 

independent interpretation of a potential commercial process. Each of these is based on the information presented in the 

open literature, such as patents or technical articles, and may not reflect in whole or in part the actual plant configuration. 

We do believe that these sources are sufficient to represent the process and process economics within the range of 

accuracy necessary for the economic evaluations of the conceptual process designs.  
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