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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Rare earth metals and their alloys are key raw materials for developing high-performance rare earth
functional materials, such as hydrogen-storage materials, magnetic materials and superconducting
materials, and are widely used in fields such as sustainable energy, robotics and electronic information.

Rare earth metals are also important additive elements for aluminium-base, magnesium-base, copper-
base, titanium-base and other alloys.

This document specifies terms for use by producers, consumers and traders in the field of rare earth
mefalsand thelrattoys. TS document witt Serve as a reference that witt elp to reduce dijcrepancies
or tirade disputes caused by inconsistencies in terms used when dealing with rare earth’metals and
thelr alloys.
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inspection, circulation, trading, scientific research and education.

2
The

ISO

3.1
rar
und
spe

3.2
nor
und

3.3
intd
und
inte

3.4

Scope

paration and purification.

5 document can be used as a reference to unify technical terms in rare earth production, g

Normative references

re are no normative references in this document.

Terms and definitions
and IEC maintain terminological databases for usédn standardization at the following ad

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

P earth impurity

Cified or target rare earth element(s)

-rare earth impurity
esirable non-rare‘earth element present in a rare earth metal (4.1) or rare earth alloy (5.1

rstitial impurity
esirablef.non-metallic element such as hydrogen, boron, carbon, nitrogen or oxygen
rstitial\positions in the lattice of a rare earth metal (4.1) or rare earth alloy (5.1)

rar

e earth metal content

total rare earth metal content
mass fraction of rare earth elements in a rare earth metal (4.1) or rare earth alloy (5.1)

Note 1 to entry: It is generally provided as a percentage of the metal, i.e. % TREM.
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3.5
average atomic mass of rare earths in mixed rare earth metals or alloys

M
ratio of the total mass of rare earth elements to their total number of moles, as shown by the formula:

N
m.

M:mtotal: Zi=1 1 _ m1+m2+...+mN
n N m m m m
total 2'—1_1 a2, TN

=M, M M, M,

M4 | 1S total mass of rare earth elements, in g;

Nioral | 1S total number of moles of rare earth elements, in moles;

is mass of rare earth elementi,i=1, 2, ..., N,in g;

is atomic mass of rare earth elementi,i=1, 2, ..., N, in g/mol.

Note 1 to enftry: M is given in g/mol.

EXAMPLE 1| The average atomic mass of a mixed rare earth metal (4.4) contdining 20 % mass of praseodynjium
and 80 % oflneodymium is calculated as follows:

mp,. = 20 units, myy = 80 units, Mp,. = 140,907 7 g/mol, My, = 144,24 g/mol

M= 20+80 ~143,56
20 80

+
140,9077 144,24

EXAMPLE 2] The average atomic mass of rare eaxths in Th-Dy-Fe (5.21) magnetostrictive materials, of which
the formulalis Tb, 3Dy ;Fe,, is calculated as follows:

Mqy, = 158,9p54 g/mol, M, = 162,5 g/mol, Mg, = 55,847 g/mol
My, = Mgy, 40,3 / (Myy, x 0,3 + My, x 0,7' Mg, x 2) x 100 = 17,46 units
Mpy, =Mpy, 40,7 / (M, x 0,3 + Mp, x 0,7 + Mg, x 2) x 100 = 41,65 units

W= 17,46+41,65 161,43
| 7,46 Jr41,65

158,9254 162,5

3.6
rare earth.metal purity

absolute rare earth metal purity

mass fraction of a specified rare earth element in a metal

Note 1 to entry: It is expressed as a percentage.

3.7
relative rare earth metal purity
mass fraction of the specified rare earth element out of the rare earth metal content (3.4)

Note 1 to entry: It is expressed as a percentage, i.e. Nd/TREM.
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Terms related to rare earth metals

rare earth metal
metallic substance containing one or more rare earth elements

4.2

individual rare earth metal
metallic substance containing only one rare earth element, including La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Scand Y

Not
basi

4.3
hig

b 1 to entry: The basic information for each rare earth element is given in ISO 22444-1:2020,Ta
c properties of rare earth metals (4.1) are given in Table A.1.

h purity rare earth metal

individual rare earth metal (4.2) with a minimum rare earth metal purity (3.6) 0f199,9 %

Not
Al

4.4
mi>
metf

4.5
mig
mef
smd
fou

4.6
Pr-
did
met
Not
Not

4.7
La-
met

5
5.1

e 1 to entry: The main impurities to be controlled typically include rare earth imptrities (3.1), Si, K
i, Ni, Co, Mn, Cu, Fe, Pb, Zn, Sn, Cd, Ta, Nb, Cr, W, Mo, C, S, P, Cl, F, N and O.

fed rare earth metal
allic substance containing two or more rare earth elements

chmetal

allic substance mainly containing the rare earth'elements Ce and La as major compo
1l amounts of Nd, Pr, etc., of which the compositional ratio of each REE is typically sim|
nd in the resource minerals

Nd metal
ymium
allic substance containing the rare earth elements of Pr and Nd

e 1 to entry: It is occasionally fepresented by the abbreviation Di.

e 2 to entry: The content of Pr in Di is generally more than 18 %.

Ce metal
allic substance\containing the rare earth elements of La and Ce

Termis related to rare earth alloys

ble A.1. The

, Na, Ca, Mg,

ents, with
ilar to that

rar

e earth alloy

metallic substance containing one or more rare earth elements and one or more non-rare earth metal(s)

ors

emi-metal element(s)

Note 1 to entry: The alloys may be compounds, solid solutions, intermetallics or mixtures of the components.

5.2

rare earth master alloy
rare earth alloy (5.1) of selected rare earth element(s) that can be added to a charge of molten metal to
provide a desired composition or texture or to deoxidize the material

Note 1 to entry: The content of rare earth element(s) in rare earth master alloy is generally higher than that in
the rare earth modified alloy (5.10).

© IS0 2020 - All rights reserved
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5.3
rare earth

ferroalloy

alloy containing Fe and one or more rare earth elements

Note 1 to ent

5.4
rare earth

ry: The main rare earth ferroalloys are Dy-Fe, Gd-Fe, Ce-Fe and Ho-Fe alloy.

ferrosilicon alloy

ferroalloy typically containing approximately 35 % to 50 % Si by mass with the remainder being Fe and
one or more rare earth elements

Note 1 to enft

5.5
rare earth

ry: uther elements such as Mg, Al, Mn and La are often also present.

magnesium ferrosilicon alloy

ferroalloy mainly containing Si, Fe, Mg and one or more rare earth elements

Note 1 to ent

5.6
rare earth

ry: Other elements such as Al, Mn, Ca and Ti are often also present.

aluminium alloy

alloy contafining Al and one or more rare earth elements

Note 1 to enjtry: Rare earth aluminium alloy can be used as additive. The majhn rare earth aluminium alloys

Y-Al, Sc-Al, (:id-Al, Er-Al and La-Al alloy.

Note 2 to ent

5.7
rare earth

ry: Rare earth aluminium alloy can be also used as target.material, such as Sc-Al alloy.

magnesium master alloy

alloy contjllning Mg and one or more rare earth elemerits

Noteltoe

5.8
rare earth

ry: The main rare earth magnesium alloys‘are Nd-Mg, Y-Mg, Gd-Mg, Ce-Mg and La-Mg alloy.

copper master alloy

alloy contjining Cu and one or more rare earth elements

Noteltoe

5.9
rare earth

ry: The main rare earth gopper alloys are La-Cu and Ho-Cu alloy.

nickel master alloy

alloy contjl'ning Ni and onieyot more rare earth elements

Note1toe

5.10
rare earth

alloy typicalliZcontaining a small portion of rare earth element(s) that are added intentionally to mo

ry: The typical rare earth-nickel alloy is La-Ni (5.18) alloy.

modified alloy

are

Hify

its properties

5.11
rare earth

modified aluminium alloy

alloy mainly containing a large amount of Al, a small portion of rare earth element(s) and other alloying
element(s) that are added intentionally to modify its properties

Note 1 to ent

ry: The main additive rare earth elements are Sc, Y, Er, Gd, La, Ce, Sm, etc.

© IS0 2020 - All rights reserved
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5.12
rare earth modified magnesium alloy

alloy mainly containing a large amount of Mg, a small portion of rare earth element(s) and other alloying

element(s) that are added intentionally to modify its properties
Note 1 to entry: The main additive rare earth elements are Y, La, Ce, Nd, Gd, etc.

5.13
rare earth modified copper alloy

alloy mainly containing a large amount of Cu, a small portion of rare earth element(s) and other alloying

element(s) that are added intentionally to modify its properties

1 to entry: The main additive rare earth elements are Y, La, Ce, Pr,Sm, etc.

earth modified titanium alloy
mainly containing a large amount of Ti, a small portion of rare earth elemént(s) and oth
ent(s) that are added intentionally to modify its properties

1 to entry: The main additive rare earth elements are La, Ce, Er, Y, Gd, Ndfetc.

earth intermetallic compound

er alloying

d/or semi-
bonding

formula of

formula of

ae of LaNi;

rar¢ ‘earth intermetallic compound (5.15) composed of Sm and Co, with typical chemical f

prmulae of

SmCoz and Sm,Coy
Note 1 to entry: In the latter compound, Co may be partially substituted with Fe, Cu, Zr, etc.

5.20
Gd-Si-Ge

intermetallic compound composed of Gd, Si and Ge, with a typical chemical formula of Gds(Si,Ge),

5.21
Tb-Dy-Fe
intermetallic compound composed of Tb, Dy and Fe, with a typical chemical formula of (TbD

© IS0 2020 - All rights reserved
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5.22
Sm-Fe-N

intermetallic compound composed of Sm, Fe and N, with typical chemical formulae of Sm,Fe;N, and

SmFe;N,

5.23
La-Fe-Si

intermetallic compound composed of La, Fe and Si, with a typical chemical formula of La(Fe, Si);3

Note 1 to entry: La may be partially substituted with Ce and Pr, and Fe may also be partially substituted with Co.

6 TermL related to the preparation and purification process of rare earth met]ils

and theil

6.1

metalloth
method for
active met

Note 1 to efptry: Commonly used reducing agents include Li, Na, Ca, Mg and Al. This-method is used to pre]

individual rd

6.2

silicother
ferrosilico
method for
earth oxidé

6.3
carbother
method foy
or rare ear

6.4

reduction
method fo
lower vapo
into the ga

Note 1 to enftry: This method is-ised to prepare individual rare earth metals (4.2) of Sm, Eu, etc.

6.5

Iz'

- alloys

ermic reduction
preparing a metal or alloy by reducing the metal from its compound with another chemid
l

re earth metals (4.2), mixed rare earth metals (4.4) and rare earth master alloys (5.2).

icreduction

eduction process
producing rare earth ferrosilicon alloys (5.4) or other'rare earth master alloys (5.2) from 1§
s, rare earth enriched slag or rare earth concent¥ate by reduction with silicon or ferrosil

mic reduction
producing rare earth ferrosilicon alloys:(5.4) from rare earth oxides, rare earth enriched
th concentrate slag by reduction with-eoke

distillation method

" producing higher vapour\pressure rare earth metals (4.1) (e.g. Sm) using a metal wi
ur pressure (such as La] to reduce the oxides of target metals, the metal product evapora
5 phase, and then transferring and being collected at the condensing zone

intermedi

method fo produeing individual rare earth metals (4.2) by the vacuum distillation (6.11) of a low mel
point intermediate alloy, which is prepared using high-melting-point rare earth fluoride reducec
calcium thermal reduction, with other low melting-point and high-vapour-pressure metal(s) (suc

te alloy'miethod

ally

pare

are
con

Klag

th a
[ing

[ing

1 dS

Mg and Zn}jat=atowtemperature

Note 1 to entry: This method is used to prepare individual rare earth metals of Gd, Tb, etc.

6.6

molten salt electrolysis
process involving the passage of an electric current through a molten-salt electrolyte with the
subsequent migration of positively and negatively charged ions to the negative and positive electrodes,
respectively

Note 1 to entry: Rare earth ions gain electrons to become neutral atoms, with the newly formed rare earth atoms
depositing onto the cathode.

Note 2 to entry: This method is used to prepare La, Ce, Pr-Nd metal (4.6), Dy-Fe alloy, etc.

© IS0 2020 - All rights rese
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6.7

reduction-diffusion method

R-D method

method for preparing rare earth alloys (5.1) by thermal diffusion between a rare earth metal (4.1) and
the added cobalt, iron or other transition metals, in which the rare earth metal is reduced from its
oxide (mainly used with Sm, Nd and Pr oxides) by calcium metal

Note 1 to entry: The rare earth alloys include Sm-Co (5.19), Sm-Fe and Nd-Fe-B (5.16) alloys.

6.8

co-reduction method
method for preparing rare earth alloys (5.1) through the simultaneous reduction of a mixtute of oxides
of the alloying element(s) and rare earth oxide by Ca metal

Notg 1 to entry: This method is mainly used to prepare Sm-Co (5.19) alloys.

mixed smelting
method for producing rare earth alloys (5.1) through smelting and uniform mixing of one o more rare
earth elements and other alloying element(s) simultaneously, with specifi¢ proportions

6.10
vacuum refining
method for purifying rare earth metals (4.1) by volatilizing&he volatile impurities at a tgmperature
abope the melting point of the rare earth metal under vacuum or negative pressure conditiohs

Notg¢ 1 to entry: It is used as the preliminary purification miethod for crude metal prepared by|Ca thermal
iction or molten salt electrolysis (6.6), and is typically,but not exclusively, applied to La and Y.

vacuum distillation
subllimation

purjfication method for separating rare-earth metals (4.1) from impurities by heating rare eqrth metals
under a vacuum, based on significant.differences between the vapour pressure of the rare garth metal
and|the impurities

Note 1 to entry: This method is typi¢ally, but not exclusively, used to purify Sm, Dy and Tm.

6.17
elec¢trorefining
method for purifying rare earth metals (4.1) through the exploitation of differences in anodic dissolution
and| cathodic precipitation for different elements, in which rare earth metal is used as a soluble anode
and| dissolved, then the high-purity rare earth metal of the same element is deposited at the cathode
with direct elegtric current passing by

slto the two

t of dirct electricfield

[l!l 0 a ake. cLl-e _edl QA _INerdd 4 D

ends of an associated metal rod under the effec
Note 1 to entry: This method is typically, but not exclusively, used to purify La and Y.

6.14

zone refining

method for purifying rare earth metals (4.1) in which a narrow molten zone is moved slowly along
the complete length of the specimen, to bring about impurity segregation, and which is based on
compositional differences of the liquid and solid in equilibrium

Note 1 to entry: This method is typically, but not exclusively, used to purify La and Y.

© IS0 2020 - All rights reserved 7
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6.15

electron beam melting purification

method for purifying rare earth metals (4.1) by an electron beam under vacuum conditions, in a water-
cooled Cu crucible

Note 1 to entry: This method is typically, but not exclusively, used to purify La and Y.

6.16

levitation melting
method for melting and purifying metals without being in contact with a supporting substrate, by using
the Lorentz forces induced current provided by a high-frequency magnetic field that surrounds the
vessel to s‘]:spend the melt

Note 1 to enftry: This method is typically, but not exclusively, used to purify La and Y.

6.17
fused-saltlextraction method
method for| purifying metals by separating impurities from the valuable elements based on the partif
coefficient|differences of different elements in the molten metal and the slag

—

on
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