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What on Earth are “Rare Earths”? 

Rare earth classification: Normally classified into metals, oxides and elements 
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Elements are grouped into light and heavy rare earth elements:- 

 Light rare earth elements “LREE”: Sc, La, Ce, Pr, Nd, Pm, Sm, Eu, and Gd; also known as cerium group 

 Heavy rare earth elements “HREE”: Y, Tb, Dy, Ho, Er, Tm, Yb, and Lu; also known as the yttrium group 
 

The term “rare” in reference to rare earth elements (“REEs”) is not strictly correct and stems from the early 
1950s. The complexity of REE ores and elements made the separate economic extraction of individual elements 
more difficult and costly. Some of the elements are relatively abundant in the earth’s crust but the economic 
extraction is often not possible.  

The International Union of Pure and Applied Chemistry defines REEs as the 15 Lanthanide elements plus 
Scandium and Yttrium. These 15 elements share common physiochemical properties. Due to this these 
Lanthanides often occur together as elemental constituents of their host minerals. Two other metals commonly 
found in association with lanthanides in the same minerals and sharing similar physiochemical properties are 
Scandium (21 Sc) and Yttrium (39 Y).  

REEs do not occur as native elemental metals in nature, only as part of the chemistry of host minerals. Although 
there are more than 200 known REE-bearing minerals, only three are considered to be the principle REE mineral 
ores most fitted to the extraction of REEs, namely Bastnasite, Xenotime and Monazite.  

A carbonatite orebody in Mountain Pass California USA is a large producer of REEs but is currently not 
producing.  

 
Where are REEs mined and processed? (2014/2015) 

 

Country 
REE Production 

Comment 
tpa 

China 105,000  Largest producer. 

 Informal mining makes the control and marketing very difficult 

 Known to withhold production and build up stockpiles.  

 In 2014 only exported 31,000 t. 

Australia 10,000  Third largest known REE reserves and is the only producer outside China.  



 The REEs are concentrated in Australia and refined at a processing plant 
in Malaysia. 

USA 4,100  Molycorp’s Mountain Pass in California was the only producing mine but is 
currently under care and maintenance.  

Russia 2,500  Recently spent USD1 billion to improve production and refining. 

Thailand 1,100 - 

Malaysia 200  Malaysia has the world’s largest REE refinery, “Lynas Corporation”. 

South Africa 0  South Africa has large resources of REEs at Zankopsdrift in the Northern 
Cape – No production currently although a preliminary feasibility study 
(PFS) was done during 2015 by Frontier rare Earths Limited 

 
How are REEs mined and processed? 

 

The ores can be mined from beach placers such as heavy mineral sands or by open cast mining using 
mechanical shovels or draglines. The ore is transported to a mill where it is crushed and milled, followed by 
gravity concentration of the heavy minerals, and electromagnetic and high-intensity electrostatic separation. 
Flotation is also used for some of the minerals. 

At Mountain Pass, USA, the ore is crushed and milled. The REEs are then floated off as a concentrate of about 
63% REE purity. Leaching the concentrate with HCL to remove the calcite and finally roasting, increases the 
purity to ~92% REE.  

Processing  
The processing and recovery of individual REE elements or oxides is a complex series of individual chemical 
processes. Monazite concentrates can be treated using sodium hydroxide digestion or acid digestion.  
 
The individual REEs can partly be separated using classical precipitation and filtration techniques. The final 
separation of the individual REEs is done using solvent extraction using ion selective reagents and further 
refining to pure individual metals or oxides as required by the market. Rare earth metals are produced most 
successfully by electrolysis or by metallothermic reduction of rare earth halides. 
 
Malaysia has the largest REE refinery at present but others are in the process of design piloting and construction. 
China also has refining knowhow but information on the processes utilised are difficult to find.  
 
What are REEs used for? 

 
Although REEs have been used since the 1950s, some REEs were only discovered more recently. The use of 
the individual REE and the metals and oxides have found their way into electronic devices and elements used 
in modern day technology. Some of these applications can be considered strategic in nature. 
 

 Symbol Name Uses/Applications 

1 21 Sc Scandium Alloys for aerospace, additive in metal halide lamps and mercury vapour 
lamps, radioactive tracing agents. 

2 39 Y  Yttrium Television red phosphor, high temperature superconductors, microwave 
filters, energy efficient light bulbs, spark plugs additive to steel. 

3 57 La Lanthanum High refractive index, alkali- resistant glass, flint, hydrogen storage, battery 
electrodes, camera lenses, fluid catalytic cracking catalyst in oil refineries. 

4 58 Ce  Cerium Chemical oxidising agents, polishing powder, yellow colour in glass, self-
cleaning ovens, fluid catalytic cracking catalyst in oil refineries. 

5 59 Pr Praseodymium Rare-earth magnets, lasers, carbon arc lighting, colourants in glass, glass 
for welding goggles, flint products. 

6 60 Nd Neodymium Rare-earth magnets, lasers, violet colours in glass and ceramics, ceramic 
capacitors. 

7 61 Pm  Promethium Nuclear batteries, luminous paint. 

8 62 Sm Samarium Rare-earth magnets, lasers, neutron capture. 

9 63 Eu Europium Red and blue phosphors, lasers, mercury vapour lamps fluorescent lamps.  

10 64 Gd Gadolinium High refractive index glass, lasers, X-ray tubes, computer memories, 
neutron capture, MRI contrast agent, alloys, steel additive. 

11 65 Tb Terbium Additive in magnets, green phosphors, lasers, fluorescent lamps, alloys. 

12 66 Dy Dysprosium Additive in magnets, lasers, alloys. 

13 67 Ho Holmium Lasers, calibration for spectrophotometers, magnets. 

14 68 Er Erbium Infrared lasers, vanadium steel, fibre optic technology. 

15 69 Tm Thulium Portable X-ray machines, metal halide lamps, lasers. 

16 70 Yb  Ytterbium Infrared lasers, chemical reducing agent, decoy flares, stainless steel, 
stress gauges, nuclear medicine. 

17 71 Lu Lutetium Positron emission tomography, high refractive index glass. 

 



 
Conclusion 

Rare earths are not categorically rare, but are finding new uses in the modern technological world. As the 
demand for specific REEs increases, so too will prices increase. The production of the REEs will follow the 
economic balance of supply and demand but the control from China will make the price forecasts difficult to 
predict. South Africa has significant resources at Zankopsdrift and Steenkampskraal which can be developed 
successfully once the prices reach a favourable level to draw interest from international investors.  
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Julian Knight at julian@minxcon.co.za  

 

   

   
A project management company 

specialising in the management and 
optimisation of exploration projects 

within the mining industry. 

An advisory company that offers a 
wide range of mining consulting 

services, including Resource and 
Reserve Statements, Competent 
Persons’ Reports and Technical 

Reports.. 

Engineering, Metallurgy, 
Capital Cost Estimation, 

EPCM and Project 
Management services in the 
minerals industry, including 
feasibility study work, plant 
design and construction. 
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