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Recycling of EOL magnets — a rout to strategic raw materials

Forecast NdFeB Magnet Consumption
300,000 N
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» For the independence of Europe
and the rest of the world from
China which controls 97% of raw
materials,

200,000
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» Is recycling of EOL Nd-Fe-B
magnets mandatory.
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‘Other’ includes MR, elevator motor, magnetic separator, robotics and industrial applications. . Forecast
Source: CRU — Rare Earth Report 2020
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MaXycle

MaXycle - A novel circular economy for sustainable RE-based magnets

« Definition of standardised quality criteria for EOL Magnet
EOLM and a classification system for A
contamination levels to categorise products by Appli- ' Coating

cation removal

pre-processing requirements.

« Development of a labelling system for newly  warkin: gg) ; B Residues
produced RE magnets to identify different ’
magnet types and qualities, including provision
of reliable and durable marking methods.
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Recycling of EOL Nd-Fe-B magnets is based on the
highly effective HPMS process (Hydrogen Processing
of Magnetic Scrap)

" ~ Nielectroplate

Soft magnetic
_ . Fecasing

Voice coil assembly
with NdFeB magnet

[J Nd,Fe,,B Hydrided
. NdFeB
B Nd-Rich cemder

@ Hydrogen

Voice coil assembly
extracted from hard
drive

Voice coil assembly
after HPMS process

Using hydrogen for recycling of EOL magnets enables
88% energy efficiency and is 98% less toxic as the standard
hydrometallurgical process

a Walton, A., Williams, A.J., Speight, J.D. and Harris, I.R.; US Patent No. US 13/169,839. “Magnet recycling” (Priority 2010, Application 2012, granted 2014)
a Walton, A, et al..; The Use of Hydrogen to Separate and Recycle Neodymium-Iron-Boron-type Magnets from Electronic Waste, Journal of Cleaner
Production 104 (2015) p236-241. DOI: 10.1016/j.jclepro.2015.05.033
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MaXycle — RESULTS: Coating of Nd-Fe-B magnets:
analyses — few examples

a): Ni (electroplated)

b): multilayer Ni-Cu-Ni (electroplated)

c) and d): polymer with fibers (different magnifications)
e): single layer polymer,

f): uncoated

\
!

Typical microstructure of EOL magnet
from electric motor of DIY drilling machine
(A-matrix phase, B-Nd-rich phase)

6/4/2020
WD 15.1mm 8:39:38

20.0kV COMPO SEM

A-matrix phase; B- Nd-rich phase; C-Dy grain boundary diffusion

Example of multilayered coating

Typical microstructure of EOL magnet
from wind turbine generator (A-matrix
phase, B- Nd-rich phase)

materials science and engineering. B., ISSN 2161-6221, 2020, vol. 10, no. 7/8, str. 125-133

U C.Burkhardt, A. Lehmann, B. Podmiljsak, S. Kobe, A systematic classification and labelling approach to support a circular economy ecosystem for NdFeB-type magnet. Journal of

MaXycle




ERAMIN2

MaXycle — RESULTS: Coating of Nd-Fe-B magnets: removal

MaXycle
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Polymer coating that burned off

after thermal demagnetization
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Table: EDX of the matrix phase in three samples s
B[T
At% FeK CoK PrL NdL DyL 1]
10.5
Sam.3 86,07 123 239 819 213
H[kOe]
-25 -20 ,
Sam.5 8575 144 250 8100 2,20 ;i 2 ] , S
-2000 -1500 -1000 -500
H[kA/m] /

Sam.6 86,69 - 263 852 2,16

The magnetic properties before (red) and after
| (green) the coating was removed. Ni-Cu-Ni coating

removed after 2 hours in a 5% Br, solution

&
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10pm zs
20.0kV COMPO SEM
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Microstructure of the Sample3 magnet




MaXycle — RESULTS: HPMS processing

4):

assivation =
“Normal"

Passivation
M-coating =

Passivation : Passivation:
Phosphate.. NT1

Electroplating Ni Electroplating Ni
Ni+Ni Ni+Cu*Ni

MaXycle

ERA-MIN 2 Final Conference, virtual, 18t-19th November, 2021
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MaXycle — RESULTS: HPMS processing MaXycle

Electroplatin'é Sn
Ni+Cu+Sn —

*Color Zn decrepitates @ 3 bar
non- split but could not be recorded

[ ERA-MIN 2 Final Conference, virtual, 18t-19th November, 2021
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MaXycle — RESULTS: HPMS processing followed by sieving

S2: Passivated Phosphate S6 Electroplated Ni+Cu+Ni Sio: Electroplating colorZn

S3:Passivated NT1 S7: Electroplated Ni+Cu+Sn S1a: Ni+Cu+Epoxy

Hz-permeable

S4: Passivated M-coating S8: Chemical Ni S12: Single Epoxy

Hz-permeable

Magnet: Large chunks

Coating: Smallflakes

Magnet: Small chunks

Coating: Ntdisintegrated

Sieving likely not helpful

Sieving likely helpful

Magnet: Large chunks

Coating: Small flakes

Magnet: Small chunks

Coating: Not disintegrated

Magnet: small chunks

Coating: Mixed size

Magnet: medium chunks

Coating: Oblong flakes

Sieving possibly helpful

Sieving likely helpful

Magnet: Medium chunks

Coating: Medium flakes

Sieving likely not helpful

Sieving likely helpful

Magnet: Large chunks

Coating: Smallflakes

Magnet: Medium chunks

Coating: Oblongflakes

Sieving likely not helpful

Sieving possibly helpful

Magnet: Mixed size

Coating: Mixed size

Magnet: Medium chunks

Coating: Notdisintegrated

Hz-permeable

Sieving possibly helpful

Magnet: Small chunks

Coating: Not disintegrated

Sieving likely helpful

Magnet: Small chunks

Coating: Not disintegrated

Unclear

Sieving likely helpful

Sieving likely helpful

Assumption, if sieving may separate magnetic- and coating material. Colours indicate if the

observed properties are recycling friendly or not.
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MaXycle — RESULTS: Labelling of Nd-Fe-B magnets

Example Magnet 1 Example Magnet 2 Example Magnet 3
production sintered X production sintered production sintered
method polymer bonded method polymer bonded method polymer bonded
1% <1% <1%
content of D 1-3% content of D 1-3% content of 0 1-3%
heavyRE | ' 3-5% heawyRE [ 7 3.5% heavyRE | 7 3-5%
>5% X >5% >5%
nickel X nickel nickel
coating Nt coating Zine coating £Inc
polymer polymer polymer
multi-layer multi-layer multi-layer
mechanical X mechanical mechanical
. glued (one side) . glued (one side) . glued (one side)
4| fixation qlued (2+ sides) 4] fixation glued (2+ sides) 4| fixation glued (2+ sides)
buried buried buried
magnet only X magnet only magnet only
5| access- easy to dismantle access- easy to dismantle access- easy to dismantle
ability moderate to dismantle ability moderate to dismantle ability moderate to dismantle
complicated to dismantle complicated to dismantle complicated to dismantle
=500 ppm X =500 ppm =500 ppm
500- 1.000 ppm 500- 1.000 ppm 500- 1.000 ppm
6 oxygen 1.000- 3.000 ppm 5 oxygen 1.000- 3.000 ppm 5 oxygen 1.000- 3.000 ppm
content 3.000- 5.000 ppm content 3.000- 5.000 ppm content 3.000- 5.000 ppm
5.000- 8.000 ppm 5.000- 8.000 ppm 5.000- 8.000 ppm
>8.000 ppm >8.000 ppm >8.000 ppm
<1t =1t =1t
| avaitabitity 51—_150lt 5| availability 51—_150tt o| avaitability ;_‘150‘t
p-a. 1050 t p-a. 1050 t p-a. 1050 t
=50t X =50t =50t

MaXycle

HPMS recycling factors for different lots of sintered NdFeB-type magnets

O C. Burkhardt, A. Lehmann, B. Podmiljsak, S. Kobe, A systematic classification and labelling approach to support a circular economy
ecosystem for NdFeB-type magnet. Journal of materials science and engineering. B., ISSN 2161-6221, 2020, vol. 10, no. 7/8, str. 125-133

ERA-MIN 2 Final Conference, virtual, 18t-19th November, 2021




MaXycle — RESULTS: Labelling od Nd-Fe-B magnets

MaXycle

Type of Magnet  Type of Coating | Heavy RE-Content [%] | Magnet Grade |  Certified Producer Code
weilie® froem detsn S il | Sakies] nr dirag davwn Bl | b vall b i l i Betws ditp S et | welie® Froom detsn dome il
MadFeB_sintered Zn 0,30 M27 EH Magneti

MAXYCLE MAGNET CODE: WA K VY8, By VX

MaXycle code-generator (left) and resulting DMC-code (right)

Various labeling after corrosion
testing

O C. Burkhardt, A. Lehmann, B. Podmiljsak, S. Kobe, A systematic classification and labelling approach to support a circular economy
ecosystem for NdFeB-type magnet. Journal of materials science and engineering. B., ISSN 2161-6221, 2020, vol. 10, no. 7/8, str. 125-133

ERA-MIN 2 Final Conference, virtual, 18th-19th November, 2021
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FEBRUARY 16, 2021

Testimonial of the Maxycle project

Proiant MAXYCLE R AN/, 1 Y ~»
‘ ) !\/ld.’(y(.—l(: "Watch later  Share

)

MaXycle ‘ .\

A novel circular economy for sustainable RE-based magnets

Watch on (28 Youlube .

ERA-MIN 2 Final Conference, virtual, 18t-19th November, 2021
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CONCLUSIONS

It is envisaged to enable a circular economy ecosystem
for NdFeB magnets in renewable energy and e-mobility

sectors:
» By using a highly effective HPMS process for recycling.
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MaXycle

This work was financed by ERA-MIN2 ID:142.

Project website: www.maxycle.eu

[ hank Yok foﬁ Jour altention/



http://www.maxycle.eu/

