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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Rare earth elements (REEs) are an important ingredient in products such as magnets, luminous devices and
catalysts. Among these, magnets, especially neodymium iron boron (Nd,Fe;,B or NdFeB in shortened form),
consume more than a mass fraction of 30 % of rare earths. The process of exploring and producing rare
earths is causing pressure on the environment due to the use of different kinds of chemical agents as well as
the resulting emissions of waste water, slag, dust and gas. In addition, there are limited primary rare earth
resources available for economically viable production across the world. The recovery of rare earth from
industrial products (including scraps and sludge) and end-of-life (EOL) products will help address these
problems, particularly from a long-term perspective.

The NdFeB magnet is the permanent magnet of choice in many products, including in the motors of electronic

vehicles an
and bonde
rate of arot
in recyclab
about 30 9

potential in recycling these resources to effectively supplement rare earth resourgces:

In addition
increase i
substantia

However, &
and proces
quite comy
which accd
from EOL j
efficient an

For so
magne

NdFeB
or mag

by using hydrometallurgy or thermiemetallurgy, depending on the oxidation and main phas

of the

Scraps
proceg
NdFeB

1 NdFeB products has grown steadily during the last several decades at an average@mm
ind 9 % and 6,2 %, respectively.[l] The steady growth of NdFeB production hasded to i
le resources, especially sintered NdFeB scrap. These recyclable NdFeB resources’cont3
of REEs, but also other valuable elements such as Co, Ni, Ga, etc., which shows there is

, when the products containing NdFeB magnets come to the end ef their lives, there
1 EOL products. Therefore, recycling rare earth from recyclable.NdFeB resources (
part of the demand for global light (Nd and Pr) REEs and heavyy(Dy and Tb) REEs.

challenge for recycling rare earth is that the recyclable NdFeB resources from differ¢
ses can vary significantly in form, shape, chemical composition, phase structure, etc.
lex and diverse recycling methods. Figure 1 providesyan example of sintered NdFeB
unts for about 90 % of the total market,[2] to illustrate some of the typical recyclablg
products and industrial processes, and the recycled products that can be created usi
d low polluting recovery method as follows:

e large sintered NdFeB magnets from EOL products, after removing the coating, {

sludge from industrial products-iiithe machining stage is usually recycled into NdFe
nets by using a combination of calcium thermal reduction and sintering, or into REE ¢

sludge.

including unqualified -bulk, residual powder and other recyclable resources fror
sing stages can be applied in different steps of the sintering process and regenerated in
magnets according to the phase, and the degree of contamination and oxidation.

d hard discs In computers, and is a key component of air conditioners. The use of both sintered
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in not only
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an meet a
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(S-NdFeB),
resources
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t can be used as raw materials and can‘be further manufactured into sintered NdFeB magnets.

B powders
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Rare earth — Recyclable Neodymium iron boron (NdFeB)
resources — Classification, general requirements and
acceptance conditions

1 Scope

This docu
neodymiu

This docun
processes.

2 Norm

ft:

ent specifies the classification, general requirements and acceptance conditions_for
iron boron (NdFeB) resources.

hent is applicable to recyclable NdFeB resources from end-of-life (EOL) products‘and m

ative references

recyclable

anufacture

The follow|ng documents are referred to in the text in such a way that someyor all of their content fonstitutes
requirements of this document. For dated references, only the edition €ited applies. For undated feferences,
the latest gdition of the referenced document (including any amendments) applies.

[SO 2245012020, Recycling of rare earth elements — Requirements for providing information on industrial
waste and end-of-life products

ISO/TS 22451, Recycling of rare earth elements — Methods for the measurement of rare earth glements in
industrial waste and end-of-life products

ISO 22453,

ISO 22928
Part 1: Det

[EC 60404

3 Term
For the puj
ISO and IE
ISO On

IEC El¢

Exchange of information on rare earth elements in industrial wastes and end-of-life cycle

1, Rare earth — Analysis by wavelehgth dispersive X-ray fluorescence spectrometry (W
brmination of composition of raré.earth magnet scraps using standardless XRF commercig

1, Magnetic materials — Paktl: Classification

s and definitions
poses of this deCuiment, the following terms and definitions apply.
[ maintainterminology databases for use in standardization at the following addresse

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

1 products

D-XRES) —
il packages

2]

otropedia: available at https://www.electropedia.org/

3.1

rare earth element

REE

collective name for scandium (Sc), yttrium (Y) and the lanthanides (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu), which was approved by the International Union for Pure and Applied Chemistry (IUPAC) in
its 2005 Nomenclature of Inorganic Chemistry Recommendations!iI

Note 1 to entry: Certain terms and corresponding abbreviated terms are common such as rare earth element (REE or
RE) and rare earth oxide (REO).

© IS0 2024 - All rights reserved
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Note 2 to entry: Rare earth elements are frequently referred to as being either light rare earth (LREE), medium rare
earth (MREE) or heavy rare earth (HREE), with LREE including the elements between lanthanum (La) and neodymium
(Nd), MREE including the elements between samarium (Sm) and gadolinium (Gd), and HREE including the elements
from terbium (Tb) to lutetium (Lu) as well as scandium (Sc) and yttrium (Y).

Note 3 to entry: Didymium is commonly used to express a mixture of the elements Pr and Nd.

Note 4 to entry: Characteristics of rare earth elements are described in ISO 22444-1:2020, Annex A.

[SOURCE: 1SO 22444-1:2020, 3.1]

3.2

neodymium iron boron

NdFeB

kind of permanent magnet made from an alloy of neodymium, iron, and boron to[ form the
Nd,Fe,,B tptragonal crystalline structure

3.3

sintered neodymium iron boron

S-NdFeB

NdFeB (3.2]) magnet prepared by a powder metallurgy method

Noteltoe ingots with

strip-castin|
crystal powj
and then siif

Note 2 to entry: Sintered NdFeB magnets are the most widely used rate-earth magnet and contribute to

market supj

3.4
bonded n¢g
B-NdFeB

NdFeB (3.2
and then c

rEry: In the powder metallurgy method, the raw materials are melted and easted into flake-like]

technique; the ingots are pulverized with hydrogen decrepitation technique and then milled
ders with jet-milling technique; the powders are aligned in magnetic field and pressed into gre
tered into dense blocks; the blocks are heat-treated, cut to shape, surface treated and magnet

bly of all NdFeB magnets. They have the strongest energy density of all kinds of permanent ma

odymium iron boron

magnet prepared by mixing NdFeB powders and binders such as organic or inorganid
mpressed or injected into dense blogks, surface treated and magnetized

into single-
b compacts
zed.

about 92 %
onets.

adhesives,

Note 1 to entry: Bonded NdFeB magnets conttibtite to 6 % to 7 % of the market supply of all NdFeB mdgnets. They

usually exh
near net sha

3.5
deformed
D-NdFeB
NdFeB (3.2

Note 1 to en
They have 4
strong mag

3.6

bit lower magnetic properties than S-NdFeB (3.3) magnets but can be prepared directly into a
pe with complex shapes.

neodymium iron boron

magnet preparéd with hot pressing and hot deformation of nanocrystalline NdFeB ri

try: Deformied*'NdFeB magnets contribute to about 1 % to 2 % of the market supply of all NdF
similar.€nergy density to S-NdFeB (3.3) magnets and are usually prepared into ring-shape m|
netic anisotropy.

het shape or

bbons

B magnets.
hgnets with

recyclabl

MEoUdy iU ITOIT DOTOIT TESUUTTE

recyclable NdFeB resource

resource usually collected from end-of-life (EOL) and manufacture processed S-NdFeB, B-NdFeB, and
D-NdFeB magnet components, containing a high concentration of rare earth and other valuable elements,
where the popular rare earth elements (REE) include neodymium (Nd), praseodymium (Pr), dysprosium
(Dy) and terbium (Tb)

Note 1 to entry: EOL is a term indicating that a product is at the end of its useful life from the customer’s point of view,
possibly because the product is broken, expired or fails to meet the customer’s needs.

© IS0 2024 - All rights reserved
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recyclable neodymium iron boron resource from end-of-life products
recyclable NdFeB resource from EOL products

recyclable

3.8

NdFeB resources from the end-of-life equipment

recyclable neodymium iron boron resource from end-of-life products
recyclable NdFeB resource from industrial products

recyclable

NdFeB resources generated from the whole industrial fabrication process

Note 1 to entry: Recyclable NdFeB resources from industrial products can be further subdivided into solid-state NdFeB

magnet scra

ps (3.9) and solid-liquid mixing NdFeB magnet sludge (3.10).

39

neodymi
NdFeB m
solid-state
large or sy

EXAMPLE
defective pif

3.10

neodymi
NdFeB m
recyclable |
with coolir

Note 1 to 4
machining |
slurry are a

3.11
coating
surface lay

EXAMPLE

4 Class

4.1 Gen

The classif
4.2), B-Nd}

Each kind
from EOL

:tl:let scrap

:Elet sludge

iron boron magnet scrap

recyclable NdFeB resource (3.6) produced from manufacturing and machining processe
all bulks and powders

Leftover raw materials in alloying and sintering processes, residual bulk 6r powder, un
oducts from sintering or cutting in the preparation of S-NdFeB (3.3) magnets,

iron boron magnet sludge

NdFeB resource (3.6) from the machining process of S-NdFeB (3.3) magnets, which is o
g fluids and other impurities

ntry: Grinding, cutting, slicing, drilling and chamferihg operations are some of the exter]

processes of S-NdFeB. In these processes, except tatget product, some small particles, flake
so produced and discarded together with differentkinds of water-based or oil-based coolant.

er of S-NdFeB, B-NdFeB or D-NdFeBthat avoids the oxidation of NdFeB (3.2) magnets

NdFeB magnet coatings can be metal, alloy or epoxy.

ification and codes

bral

cation of regyclable NdFeB resources in this document is based upon three sources: S-
eB (see 4.3and D-NdFeB (see 4.4), which bear different structural and magnetic prop

frecyclable NdFeB resource is further classified into two categories, recyclable NdFeH
products and recyclable NdFeB resources from industrial products, according to thg

5, including

qualified or

ften mixed

sively used
5, chips and

NdFeB (see
erties.

resources
ir sources,

characteriy

tics, etc. The recyclable NdFeB resources from industrial products can be further d

ivided into

two sub-groups of solid-state scraps such as bulk and powder, and solid-liquid mixed sludge.

4.2 C(lassification of recyclable S-NdFeB resources

4.2.1 Re

cyclable S-NdFeB resources from EOL products

Bulk recyclable S-NdFeB resources usually maintain their original magnetic properties and can be in
various sizes and shapes depending on the source. According to the magnetic property, size, etc., they
can be classified into four classes, as shown in Table 1. The grade should conform to the grade given in
IEC 60404-1:2016. The characteristic “same grade” given in Table 1 indicates that the recyclable magnetin a
certain package bears a similar magnetic property, i.e. the same magnetic grade, while “mixture of grades”
indicates that the NdFeB magnet scraps in one package bear a different magnetic property.

© IS0 2024 - All rights reserved
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Recyclable S-NdFeB resources from EOL products are sometimes collected according to the end of life
equipment. Therefore, the equipment information is also very helpful to determine the contained recycled
material, since the grade of S-NdFeB magnets is usually unchanged for a specific make and model.
Nevertheless, classifying resources according to the previous application is difficult since there are many
fields in which NdFeB magnets are used.

Table 1 — Classification and characteristics of recyclable NdFeB resources from EOL products

Category Class Characteristics Appearance Typical source/examples
feature
42SH for generators in wind
1 Sam‘iﬁian%i/fffrlifitmn Large bulk turblnes;jfg\l;lcfgg traction
Récyclable i traction-drive lifts
§NdFeB 2 Same grade/application with| Small bulk with | EOL voice coil motoys; sport
rgsources coating metallic lustre motors
fjlom EOL -
products 3 Mlecure qf grades/ -
application without coating | Small bulk with | Differentshousehold snfall
4 Mixture of grades/ specific shape electric motors
application with coating

4.2.2 Refyclable S-NdFeB resources from industrial products

Considerinjg the large production of recyclable NdFeB resources €rom industrial products, and the huge
differenceq in their characteristics, shapes, rare earth content, reeycling methods, trade and tranfportation,
etc., itis ngcessary to carry out a more detailed classification, as;shown in Table 2.

Table 2 — Classification and characteristics of recyclable NdFeB resources from industria] products
Category| | Class Appearance feature Total REE Characteristics Typical|source/
mass examples
%
Machining scraps,
1 i Samg{ﬁfg% gwr r?y or unqualified
Bulk/ Magnetic lef_tover bulks magnetid products
. anid-pieces; 30to 35 —
piece various shapes Mixture of grades/ Machining scraps,
2 rey or dark brown unquglified
srey magnetid products
3 Dark brgwn, non- 35 to 45 Small l?ulk or Smelf slag
magnetic powder particles
Yellow or dark brown; Ultra-fine vowders
4 non-magnetic 50to 70 p Jet-milled powders
Recyclable (1 pmto 10 pm)
powders
S-NdbeB Powder
resourc- . Yellor:/grcl)-l;rtli;rrl:ekggwn, 30 to 40 Fine powders Sintered|defective
_es from 8 (10 um to 100 um) powders
industrial POWeers
products Yellow or dark brown; Coarse powders or HD or melted
6 non-magnetic 30 to 35 particles (20 um to
powders
powders 300 pm)
7 Black sludge 20 to 30 Wlt.h oil apc_l lictle Slicing sludge
Impurities
8 Dark brown sludge 20 to 30 With water Grinded sludge
Sludge ith oi ili
9 8 Grey or dark brown 15 to 25 With oil apd silicon Multi-wire cut sludge
sludge carbide
. . Wire-cut or
10 Grey-white sludge 5to 15 With water chamfered sludge

© IS0 2024 - All rights reserved
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4.3 Classification of recyclable B-NdFeB resources

Recyclable B-NdFeB resources can be classified into two categories: those from EOL products and those
from industrial products, as shown in Table 3. These two categories can be further divided into classes with
respect to their magnet properties (same grade and mixture of grades) and binder types (epoxy or nylon).
Since there is only a small production of recyclable B-NdFeB resources from industrial products, their
classification is similar to that of EOL products.

Table 3 — Classification and characteristics of recyclable B-NdFeB resources

Category Class |Characteristics| Total REE mass | Appearance feature Typical source/
% examples
]\/fr)gnafc d{ccn bled from
1 Same grade spindle mototiapd/or hard
I. Recyclaljle 28 to 32 Magnet_ic EQL products in disk driyes
B-NdFeH Mixture of bulk with binder of epoxy | Magnets idissembled from
resourcek 2 different kinds|of motors
grades o
from EOL and other applications
product; 3 Same grade i
o 251030 | Magnetic EOL productsmy il L T T
4 Mixture of bulk with binder of n{lon "
grades and other applications
) Same grade Magnetic leftover-bulks
II. Recyclable 6 Mixture of 28t032 or pieces with binder of
r]i-sl\(iil;‘cags grades eRoxy Unqualified magnetic
from induskri- 7 Same grade Magnetic leftover bulks produdts
al products o Mixture of 25 to 30 or pieces with binder of
grades nylon

4.4 Claspification of recyclable D-NdFeB reseiirces

Recyclable| D-NdFeB resources can be classified into two categories: those from EOL products

and those

from indugtrial products, as shown in Table 4:TFhese two categories can be further divided into classes with
respect to their magnet properties (same grade and mixture of grades).

Table 4 — Classificationyand characteristics of recyclable D-NdFeB resources

Category Class Characteristics Appearance Total REE Typical source/examples
feature mass
%
Magnets dissempled from
. Recyclpble ! Same grade servo motor:;l-n robots
D-NdFeH re- Magnetic EOL 30 to 35 :
sources from EOL ) products in bulk 0 Mggnets d1§se led from
produdts 2 Mixture of grades different kinds pf motors
and other applications
II. Recy IEE 3 Same grarln |
ble D-NdFeB Magnetic left- Unqualified magneti
resources from _ over bulks or 30to 35 qu gnetic
industrial 4 Mixture of grades pieces products
products

4.5 Codes of recyclable NdFeB resources

Codes comprising a combination of eight digits and letters, written as “RRExxxxxxxx(&)”, shall be
used to describe the recyclable NdFeB resources. The first four digits shall be 0101 in accordance with
ISO 22450:2020, which means "Nd-based recyclable NdFeB resources". The fifth letter shall be S, B or D to
indicate the type of the NdFeB. The sixth digit shall identify the category of the recyclable NdFeB resources.
The last two digits shall indicate the class, i.e. the quality of the recyclable resources. The symbol “&” shall

© IS0 2024 - All rights reserved
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indicate the corresponding grade conforming to IEC 60404-1 if the recyclable resources come from the same
grade. For recyclable NdFeB resources from a mixture of grades, it is not necessary to show "&".

Figure 2 gives an example illustrating a code for recyclable NdFeB resources. The classification for all kinds
of recyclable NdFeB resources and their corresponding codes is given in Table 5.

RRE 0101 S 1 01 (&)

T

1

Corresponding brief designation in
[EC 60404-1 for the recyclable
resources from same grade

L

Same grade/application without
coating

EOL NdFeB resources

Sintered NdFeB resources

Nd-based magnet resources

Resources of rare earth

Figure 2 — Example of a code for recyclable NdFeB resources

Table 5 — Classification and codes of all kinds of recyclable NdFeB resources

Classifidation Codes Descriptions
RRE0101-S[lxx Recyclable S-NdFeB resoureés from EOL products
RRE0101S101(&) Same grade/applicatioh'without coating
RRE0101S102(&) Same grade/applicdtion with coating
RRE0101S103 Mixture of grades/application without coating
RRE0101S104 Mixture of grades/application without coating
RRE0101-SPxx Recyclable S-NdFeB resources from industrial products
RRE0101S201(&) Same grade/grey or dark brown, a mass fraction of 30 % to 40 % REE content
RRE0101S202 Mixture of grades/grey or dark brown, a mass fraction of 30 % to 40 % REE
content
RRE0101S203 Dark brown, small bulk or particles, a mass fraction of 30 % t¢ 60 % REE
content
RRE0101S204 Yellow or dark brown ultrafine powders, a mass fraction of 25 % to 50 %
REE content
RREQ101S205 Yellow or dark brown fine powders, a mass fraction of 25 % t¢ 50 % REE
content
RRE0101S206 Yellow or dark brown other powders or particles, a mass fractjon of 25 %
to 80 % REE content
RRE0101S207 With oil and little impurities, a mass fraction of 22 % to 30 % REE content
RRE0101S208 With water, a mass fraction of 15 % to 25 % REE content
RRE0101S209 With oil and silicon carbide, a mass fraction of 8 % to 15 % REE content
RRE0101S210 With water, a mass fraction of 1 % to 5 % REE content
RRE0101-B1xx Recyclable B-NdFeB resources from EOL products
RRE0101B101(&) |With binder of epoxy/same grade
RRE0101B102 With binder of epoxy/mixture of grades
RRE0101B103(&) |With binder of nylon/same grade
RRE0101B104 With binder of nylon/mixture of grades

RRE0101-B2xx

Recyclable B-NdFeB resources from industrial products

© IS0 2024 - All rights reserved
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Table 5 (continued)
Classification Codes Descriptions

RRE0101B201(&) |With binder of epoxy/same grade
RRE0101B202 With binder of epoxy/mixture of grades
RRE0101B203(&) |With binder of nylon/same grade
RRE0101B204 With binder of nylon/mixture of grades

RRE0101-D1xx Recyclable D-NdFeB resources from EOL products
RRE0101D101(&) |[Same grade
RRE0101D102 Mixture of grades

RRE0101-D2xx Recyclable D-NdFeB resources from industrial products
RRE0101D201(&) |[Same grade
RRE0101D202 Mixture of grades

5 General requirements

5.1 Sampling

5.1.1 Geperal

The sampling methods given in ISO/TS 22451 and ISO 22928-1 shalkbetsed, noting that the varioys different

recyclable

5.1.2 Re|

Recyclable
magnet sh
sampling ¢

5.1.3 Re

5.1.3.1 §

For solid ]
However, r
magnets s}

5.1.3.2 §

NdFeB mag
is safe to N
resources

resources have specific sampling rules due to their unique characteristics.

cyclable S-NdFeB resources from EOL products

S-NdFeB resources from EOL products shalbfirst be dismantled and separated. Then
hll be demagnetized. Next, the surface ofithe magnet shall be de-coated and clean
An be done.

cyclable S-NdFeB resources frontindustrial products

olid resources

NdFeB magnet resources, sampling can be done directly without any special pre{
esources that are magnetic shall be demagnetized before sampling. In addition, the su
jould be cleaned;

ludge resources

rnet sludge resources are a mixture of type (liquid and solid). It shall be ensured that
andle/and does not contain any hazardous components. For this purpose, the pH of]
sliall be checked and neutralized. After safety is guaranteed, the resource shall be pj

the cycled
ed. Finally,

treatment.
rface of the

the sample
the sludge
epared for

analysis.

5.2 Test

ing and analysis

The following four kinds of scientific methods shall be applied to test and analyse the recyclable NdFeB

resources:
— magne

tic measurement by hysteresigraph or vibrating sample magnetometer (VSM);

plasma atomic emission spectroscopy (ICP-OES);

— microstructure observation by scanning electron microscopy (SEM);
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— density measurement by the Archimedes method.

5.3 Packaging

Recyclable NdFeB resources should be packaged in a safe way in steel drums or woven bags. For powder,
sludge or scraps containing oil, waterproof and/or airtight packaging shall be applied.

5.4 Transportation and storage

Recyclable NdFeB resources shall not be mixed with any littering, explosive, toxic, corrosive and/or
radioactive items. The packaged resources are prohibited to crash and expose to the fire and other items
that can easily cause combustion and explosion during transportation, handling and storage.

For powdet, sludge or scraps containing oil, safety should be strictly guaranteed during transpertation and
storage.

5.5 Labe¢lling

Labels shall be attached to the packaging of each item of a minimum packaging unit or stock k¢eping unit
(SKU). The label shall be attached to each packing case (box) indicating the following items, in accordance
with ISO 22453:

a) the name of the supplier;

b) the RRE code;

c¢) the nefmass;

d) the date of delivery;

e) the coyintry and region;

f) the mggnetic properties for EOL and bulk reseutces with the same grade, if applicable;

g) the previous application information of-the’EOL resources before collection, if applicable;

h) the chemical composition for powder-and sludge resources (the content of the heavy and light REE, if
preferfed);

i) asafetly warning with ISO graphical symbol or international universal pictogram.

6 Acceptance conditions

6.1 BulkjrecyclableyNdFeB resources with same grade should conform to the grade given in IHC 60404-1.
For resourfces with*a mixture of grades, the grade should be agreed between the supplier and the buyer
through consultdtion.

6.2 When delivered, recyclable NdFeB resources shall first pass through a visual detection process to
check whether they conform to the requirements given in Clause 5.

6.3 Labels shall contain all the information given in 5.5.

6.4 The rare earth components, i.e. the content of each kind of rare earth, especially the heavy and light
REE if preferred for powder and sludge resources.

6.5 The buyer shall check the magnetic property or determine the REE mass per cent or chemical
composition according to 5.2 and shall inform the buyer of the result within one month after receipt of the
resources.
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