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Magnet recycling barriers

• Difficulties related to the dismantling of products due to their often compact and complex 
design

• Variation in chemical composition, even within the same application

• Strict requirement of the REEs market in terms of degree of purity

• Difficulties related to the separation between REEs due to their similar physico-chemical properties

• Presence of other undesirable metals, in particular Fe

INTRODUCTION
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Recycling methods of magnets

• Hydrogen decrepitation

• Pyrometallurgy

• Hydrometallurgy



Materials

Electric vehicles

Hard disc drives from computers

Electrical motors

Wind Turbine Magnets

Electric scooter



METHODOLOGY
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HDD magnets wind turbine magnets



Chemical composition
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elements B Co Dy Fe Nd Ni Pr

Wt % 0.9 1.5 1.2 62.6 22.8 0.6 3.3

RSD (%) 1.4 3.2 3.0 1.4 7.9 8.5 1.9

CHARACTERISATION OF NdFeB MAGNETS

WT magnets

HDD magnets
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Magnets

Plastics

Other metals

Iron scraps

PCB

Aluminum

Hard Drive Permanent Magnet:

 Nd2Fe14B phase + intergranular phase

 Coating 20-30µ (Ni, Cu, Zn, epoxy, etc.)

Morphological aspects of PM (SEM/EDS)

Coating
Chemical composition of HDD

CHARACTERISATION OF NdFeB MAGNETS
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Hard disk Drives

Demagnetization  (300-350°C) 

Grinding (Autogenous)

Classification 

magnets rich fraction

Physical sorting

Other metals

Metals mix

Magnets

Metallurgy

Metallurgy

Nd, Dy, Pr Fe, Ni, Cu

Crushing

Cu Al Steel

1/5 mm 20/40 mm5/16 mm >40 mm

Grinding  (-2 mm)

MECHANICAL SORTING (FRAGMENTATION AND CLASSIFICATION)



MECHANICAL SORTING (FRAGMENTATION AND CLASSIFICATION)
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HDD Components obtained after classification
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SMART SIZE REDUCTION TEST OF PERMANENT MAGNETS RECOVERED FROM HDDS
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Permanent magnets

Crushing

Classification/3.15 mm

+3.15mm

- 3.15mm

Ball milling

Classification/2 mm

Ball milling

Classification/1mm

PM 5-16 mm
PM +3.15 mm

+2 mm

PM 2 -3.15 mm

- 2mm

- 1mm+ 1mm

PM -1 mmPM +1 - 2 mm

5-16mm
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14,19 %Pds

100 58,5 Pds en kg

412 57,7

237,70

19,9 8,2

82,12 33,7

6,2

25,7 5,1

21,2

5,5

2,7 22,68 0,72

11,02 2,97

1,1

4,5

7,65

31,52 1,9

8,03

3,9 12,3

3,8 16,0 50,6

15,5

0,07

1,4 0,29 0,07

5,8 1,3 0,29

5,55

6,6

3,4 0,32 10,9 27,1

14,2 1,3 44,8 1,0

1,0 4,26 7,7

4,3 31,6

0,002

0,01

9,83

40,5 13,35

55,0

Pilot test of HDD

Classification 
SINEX

20-16-5 mm

-40mm
After fragmebtation by autogenous mill 

and classification at 40mm

-5mm

+20mm

Séparatrice Mag 
SIME 400G

NMAG
5-16mm

MAG
5-16mm

Multipolar magnetic 

separation 1000G

NMAG2/NMAG 
5-16mm

Overband 
8,5cm

Magnetic separation 
SIME 400G

NMAG
16-20mm

MAG
16-20mm

Séparatrice 
Multipolaire 

NMAG
16-20mm

Overband 8,5cm

MAG/MAG 
16-20mm

MAG/NMAG
16-20mm

MAG
16-20mm

NMAG/MAG
5-16mm

Magnetic separation 
SIME 400G

NMAG/NMAG
5-16mm

Overband 85 cm

MAG/NMAG
5-16mmMAG/MAG

5-16mm

Overband 
90 cm

MAG2/NMAG
5-16mm

MAG2/MAG
5-16mm

NMAG2/MAG
5-16mm

16-20mm
5-16mm

Overband 
8,5cm

NMAG2/MAG
5-16mm

NMAG2/NMAG
5-16mm

NMAG2MAG/NMAG
5-16mm

NMAG2MAG/MAG
5-16mm

Magnet rich fraction
5-16mm

Magnet poor fraction
5-16mm

Magnet poor fraction
5-16mm

Magnet rich fraction
5-16mm/16-20mm

MASS BALANCE



MASS BALANCE
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Products kg %Wt

Input 1705 100

Classification

Iron scrap 142,72 8,37

PCB 39,44 2,31

Aluminium 1027,08 60,24

mixture 83,76 4,91

  +40mm 1293 75,84

Classification

20/40 mm 237,70 13,94

Physical sorting

MAGMAG 21,2 1,24

MAGNMAG 4,5 0,26

NMAG Sep MP 8,03 0,47

  16/20mm 33,7 2,0

Physical sorting

Mag poor fr 5-16mm 0,3 0,02

MAG2NMAG 40,5 2,37

Mag rich fr 27,1 1,59

MAG2MAG 14,2 0,83

  5/16mm 82,1 4,8

 - 5mm 58,48 3,43

Total 1705 100,00



Characterisation
• Microstructure: Matrix phase (Nd2Fe14B), intergranular phase REOx,

• Chemical composition: 70-72% Fe, 27-28% Nd, 2% Dy, 1%B, and 1-5% Pr.

• More other metals are present in WT magnets

• Optimization of parameters for the thermal treatment and fragmentation of HDD in order to 
recover PM 

Process
• High performances of the developed processes, tested at pilot-scale:

 PM Recovery about 95%

 Magnet content: 88%

• Treatment of several tonnes of HDD

• Mass balance were done for LCA and LCC

CONCLUSIONS
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