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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.
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Introduction

Rare earth elements (REEs) comprise the lanthanoid series elements plus scandium and yttrium,
which have similar chemical and physical properties and are often found in the same ores and deposits.
The importance of REEs has increased greatly due to their important role in high performance and
functional applications in permanent magnets, electric vehicles, motors, wind generators, light-
emitting diodes (LED), nickel-metal hydride (NiMH) batteries, etc. Magnets can be also classified into
manufacturing methods. The type of magnet is useful information for recycling procedures.

Magnets account for the highest market share of REEs by value. REE-containing multi-component
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Magdets |~ 300 000 55 % 2333
Lamp phésphors—~{ 23000 80 % 6 600
NiMH bajtteries 50 000 50 % 1750
NOTE This t4 bﬁ@resents the current distribution, however, markets and waste distribution can change over time.

There is a big difference in amount of waste generated by REEs and what is recycled due to a lack of
maturity of recycling technologies and communication formats between manufacturers/producers
and recyclers. In the REE recycling process, an important initial step is the identification of products
containing REEs. A typical recycling process is shown in Figure 2.
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INTERNATIONAL STANDARD ISO 22450:2020(E)

Recycling of rare earth elements — Requirements for
providing information on industrial waste and end-of-life
products

1 Scope

This|document specifies the recycling information to be provided for rare earth elements (REEs) in
industrial waste and end-of-life (EOL) products from manufacturers/producers to recyclerg. It includes
a classification system and forms for providing the recycling information.

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, only the edition cited|applies. For
unddted references, the latest edition of the referenced document (ificluding any amendmenpts) applies.

ISO 41067-1, Packaging — Vocabulary — Part 1: General terms
ISO 42444-1, Rare earth — Vocabulary — Part 1: Minerals, 0xides and other compounds

ISO 42444-2, Rare earth — Vocabulary — Part 2: Rareearth metals and their alloys

3 Terms and definitions

For the purposes of this document, the tetrms and definitions given in ISO 21067-1, I$0 22444-1,
ISO 42444-2 and the following apply.

ISO gnd [EC maintain terminologicdl.databases for use in standardization at the following dddresses:

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

— IEC Electropedia: avadilable at http://www.electropedia.org/

3.1
rare|earth elementwaste product

REE waste product

unusfable substance containing rare earth elements

Note |1 telentry: REE waste products are generally generated during the production, processing ¢r use of REE
prodlilcts such as magnets, phosphors (3.3), batteries, catalysts, lasers and others.

3.2
REE magnet
magnet that contains elements such as Nd, Sm and Dy

Note 1 to entry: REE magnets have a lot of application areas such as in parts of vehicles, home applications, wind
turbine generators, high-performance AC servo motors and computer hard disk drives.

3.3
phosphor
fluorescent substance containing rare earth elements such as Y, La, Eu, Tb and Ce

Note 1 to entry: REE phosphors are widely used in LEDs and fluorescent lamps.

© IS0 2020 - All rights reserved 1
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34

nickel-metal hydride battery

NiMH battery

battery that uses the hydrogen storage property of alloys containing rare earth elements such as La, Nd
and mischmetal

Note 1 to entry: Rechargeable NiMH batteries are used for hybrid vehicles and as portable batteries for small
home appliances.

3.5

industrial waste
waste prod lced b}r industr:al :\lcti(vrit}y’ which includac anyg matarial that 1c randarad nicalace r]lnﬂ'ng a

vvIrrcrrrrerercre oot TricrcCrrorr—ttrrorc o e rrort r et tre oot

manufacturjng process such as that of factories, industries, mining and milling operations

Note 1 to enfry: The waste from mills and mining operations is not a subject of this document. The indulstrial
waste dealt with in this document can be subdivided into two categories: processing waste (3.6),and‘scrap (B.7).

3.6
processingjwaste
waste that [comes from preparation and processing operations with magnets;’fluorescent poyvder,
rare alloys, |etc., including of chips, flakes, broken pieces, powders, etc., whi¢h could be recycled by
metallurgical methods to get valuable elements

3.7
scrap
recyclable npaterials left over from product manufacturing

Note 1 to ently: Unlike waste, scrap has monetary value, especially.recovered metals. Non-metallic materials are
also recoverdd for recycling.

3.8
end-of-life product
EOL produgt
product that is at no longer useful or needed-from the customer’s point of view, because the prodyct is
broken, no Ipnger functions properly or no.longer satisfies the customer’s requirements

4 Forms of REEs in industrial waste and EOL products

4.1 Genefal

Significant quantities of REEs are present in industrial waste and in EOL products that can be recycled,
to ensure al smooth balance between supply and demand chains. Representative forms of REEs in
industrial waste arediscussed in 4.2 to 4.6.

42 In RE|E magnets

During powder production, whether pre-alloyed or post-alloyed, lots of flakes are produced that are
recycled. Similarly, powder of a size greater or smaller than the required size is also recycled. Later,
screening operations also create waste powder, which is recycled along with cleaning solutions.
Machining operations such as grinding, cutting (slicing), drilling and chamfering operations along
the assembly line produce waste in the form of chips, flakes and broken magnet pieces. Extremely
small chips are recycled along with coolants used during these manufacturing operations. During the
fabrication of REE magnets, approximately 20 % to 30 % of the raw material in the form of processing
waste and scrap can be recycled.

EOL REE magnets are found in broken motors, generators, hard disk drives, electronics, etc. Being
relatively old, these magnets have often developed oxide layers, corrosion, etc.

2 © IS0 2020 - All rights reserved
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In LEDs

During the manufacturing of LEDs, various processes including glass cutting, thin film application
and encapsulation produce waste in the form of broken glass pieces, thin films and powder, which is
recycled. Often these REEs are combined with organic and inorganic waste.

EOL LEDs are found in almost all kinds of broken modern electronics and contain REEs in the form of
oxides and other compounds.

4.4
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enated for reuse until it becomes economically unféasible. The spent catalysts, which
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Table 2 — Waste rare earth (WRE) products classification and code

Classification WRE code Details
WREO1xx REE magnets
WRE0101 Nd-based magnet
WRE0102 Sm-based magnet
WRE0199 Other REE-based magnet
WREO02xx LED phosphors
WRE0201 Garnet
WRE0203 Sulfides ad
WRE0204 Oxynitrides a>
WRE0205 Nitrides N\
WRE0206 Aluminates %
WRE0299 Other mater,ia!‘ ltﬁ:pe phosphor
WRE03xx NiMH battenies
WRE0301 NiMH pattery
WRE0302 NiMH alloy powder
WRE0399 <?)\Her materials of NIMH battery
WRE04xx . \\.}\ lsolishing agents
WRE0401 0, Polishing solid powder
WRE0402 Polishing liquid
WRE0499 N 0,® Other polishing agent
WRE05xx R Catalysts
WRE0501 "7 FCC catalyst
WRE0502 O TWC
WRE0503/ VOC catalyst
Wfi‘w&@él- Diesel catalyst
Wl‘}EX)‘S% Other catalyst
WREO6xx = Laser crystals
O [wreoe01 LYSO
WRE0602 Nd:YVO,
& WRE0603 LaBr,
R WRE0604 Ce:YAG
P V?‘ WRE0699 Other materials of crystal
WRE99xx c;\‘ Other REE waste products
— i WRE999Y Other REE waste products
4 © IS0 2020 - All rights reserved
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6 Recycling information

The manufacturer/producer should provide the following recycling information to the recycler by
filling in the suitable form given in Annex A:

a)

g)

h)

Furt

the name of the supplier;

NOTE1 The name of the supplier is included to support the information reliability.

the name of the product;

the gross mass;

1
1
1

]

d

)\

1

1

he physical form of the product;
he date of production;
he country and region;

NOTE 2 The country and region are important for information reliability-due’to different reg

apply to the use of REEs. In addition, geological and climate conditions carpldy a role in decidin

f REEs.

he production method;

n the production method.

he WRE code (see Table 2);

he content of the elements:
) the main REE content in the processing waste or EOL products shall be stated;
) the mass fraction range should be‘provided for industrial waste but not for EOL.

her information may be provided-with agreement between the parties.

© IS0 2020 - All rights reserved
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Annex A
(informative)

Forms for information exchange

A.1 Recycling form for REE magnets

The followiig form should be used for the effective and reliable transmission of informationﬂ}/%n the
waste prodiicer or EOL vendor for each specific component or product or waste shipmenf(@ udped in
the REE magnets. Q .
o)
Supplier n(l,w
Prodyct O v
Gross mass c\‘O
Physical form , o
Country AO\(
Production method \\Y -
Code N
Main REE conter@q\q’
Elements QD N mass fraction %
Sc R
Y \O
La X N\
Ce C)\\
Pr N\
Nd ~O°
Pm mv
Sm %V
Eu~~
@v
~)'Th
A V}‘ Dy
Q)\ Ho
Er
Tm
Yb
Lu

6 © IS0 2020 - All rights reserved
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A.2 Recycling form for LED phosphors

ISO 22450:2020(E)

The following form should be used for the effective and reliable transmission of information for LED

phosphors.
Supplier
Product
Gross mass
Physical form
(‘mlnfry
Production method Q
Code ) ’
Main REE contents Q\Q -
Elements mass frfg\q;y’b'i’l %
Sc N
Y Kot
La )
Ce (-\<(
Pr N QV
Nd O
Pm W< )
Sm ‘§\)
Eu R,
Gd xO\‘
Tb AN
Dy C}\V
Ho .
Er -Ov
T,
b’
Ol
?9_\/
%0
?\
2
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A.3 Recycling form for NiMH batteries

The following form should be used for the effective and reliable transmission of information for NiMH

batteries.

Supplier

Product

Gross mass

Physical form

Country

Prodﬁction method

N

Code

Main REE contents

"
O

Elements

mass fraction %P‘J
29, ya

Sc

Y

La

Ce

Pr

Nd

Pm

Sm

© IS0 2020 - All rights reserved
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A.4 Recycling form for polishing agents

The following form should be used for the effective and reliable transmission of information for
polishing agents.

Supplier
Product
Gross mass
Physical form
(‘mlnfry
Production method qQ
Code ) ’
Main REE contents Q\Q -
Elements mass frfg\q;y’b'i’l %
Sc N
Y Kot
La )
Ce (-\<(
Pr N QV
Nd O
Pm W< )
Sm ‘§\)
Eu R,
Gd O
Tb AN
Dy C}\V
Ho \
Er ‘Ov‘
T,
b’
Ol
?9_\/
%0
?\
2
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