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Rare earths in the periodic table
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Lanthanides = series of elementslla
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Rare earths = lanthanides + Y + Sc
REESs = rarecarth elements
LREE = LaSm HREE = EuLu, Y
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Rare earths: names and symbols

Name Chemical Symbol Atomic Number (Z)
Scandium Sc 21
Yttrium Y 39
Lanthanum La 57
Cerium Ce 58
Praseodymium Pr 59
Neodymium Nd 60
Promethium Pm 61
Samarium Sm 62
Europium Eu 63
Gadolinium Gd 64
Terbium Tb 65
Dysprosium Dy 66
Holmium Ho 67
Erbium Er 68
Thulium Tm 69
Ytterbium Yb 70

Lutetium Lu 71




Ytterby (Sweden)
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AN HISTORICAL LANDMARK
Four porlodic elements — Yiirium, Terblum, Erblum,
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Yiterby Mine
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Rare earths: How do they look like?




Rare earths are not very rare!
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Atomic number, Z



Rare- earth ore minerals

Phosphate Minerals

Oxidic/ Alkaline Minerals

Monazite
Xenotime
Apatite
Eudialyte
Allanite

Loparite

(Ce,Lg(COy)F
(Ce,La,Nd, ThPO,
YPQ,

Ca(PG,)5(F.Cl,OH

Na,(Ca,Ce,(Fe**,Mn,Y)
ZrSigO,,(OH,CI),

(Ce,Ca, Y,(Al,Fe3*)(SiO,),0H

(Ce,La,Na,Ca,J(Ti,Nb)O,
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Rare- earth separation problem

Ores contain mixtures of all rare earths (except Pm)
Many applications require pure rare earths

Mixtures are difficult to separate due to similarities in chemical
properties of rare earths

Separation of rare earths is one of the most difficult separations in
iInorganic chemistry

Separation is done on an industrial scale by solvent extraction (SX)



Separation of REES by solvent extraction

LABORATORY MIXER-SETTLERS:
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REE solvent extraction plant (Solvay)
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