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Target magnetic properties defined together with Schaeffler

« focus on magnetic performance; mechanical properties considered non-critical for this application
* magnet configuration: >

\\=

-

* required magnetic properties:

remanence (23°C): coercive force (25°C):
Br= 0869 T Hcbh= 6459  kKA/m Hcj= 1617 KkA/m
TKBr= -0.06 %K TKHc= -032 WK dT= 135 K
N o
e B AN L « temperature stability defined by low
S ' reversible temperature coefficients;
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« target values serve as benchmark for
MGRS-recycled anisotropic NdFeB
compound development at KOL
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MGRS recycle powder characteristics, batch: C13A

MagREEsource .3' MAGHNET POWDER QUALITY CONTROL Date : 07,/07/2025
Description anisotropic NdFeE powder Batch reference 134 Project number
Customer Kolektor Sample weight 2 batches of 4800 g each SICAPERMA 5 PERMANET
MAGMETIC CHECKING
Designation Fumictions to control Control method Pracision BAverage Comments
Rermanent polarization pM, (25°C) (T) FETIS pulsed magnetometer 0,005 T 116T poveeder aligned witin a resin prior to M{H] measurement
RCM-C138-01 Coerdvity Hy (25°C) [ka/m) METIS pulsed magnetometer 10 ka/m 557 kA/m
[BH) ... [25°C) (k)/mn3) METIS pulsed magnetometer 198 kI/m3
CHEMICAL CHECKING
Designation Fumictions to control control method Results Comments
Hydrogen contamination LECO OHE36 92°% 2 ppm
RCL-C13A-01 —
Dxygen contamination LECOD DHA36 043 1 14 ppm
GRANULOMETRY
Designation Fumictions to control control method Results Comments
Drwal [pm) Mastersizer 3000 + 382 pm
ROG-C13A-01 LSO [pm) Mastersizer 3000 + 207 pm
Dvi0 (um) Mastersizer 3000 + 81 pm |
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Compounding and injection molding at KOL

10 wt% of PA + 90 wt% of MGRS Nd POWDER (55 vol%) = standard recipe

Magnet-Physik Dr. Steingroever GmbH - Permagraph
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1 2 3 Average Cail -JH 26-1 Date 2 26.09. 2025
B: =536.3 5364 539.1 5373 mT Customer - Kolektor KFH
(BH)max =385 385 389 387 kd/m? +lmax 250 % Operator - Karla
Hee =2215 2216 2224 2219 kA/m “Imax 50 % Shape - Cilindricni
Hey =3489 3485 3496 3490 kA/m di/dt 13 % Material - Bonded rare earth
Ba =0.311 0306 0.310 0.309 T Ident materiala -
Ha =124 126 126 125 kA/m Room temp. - 224 °C Naziv
Ji =0483 0483 0485 0484 T Spec_temp ~23°C Delovni nalog
Hy =108 108 109 108 kA/m Sarza :
Hmax = 1354 1348 1353 1352 kA/m Piece No. 12
T =23 23 23 23 °C Premer magneta :
Hrec = NaM Density - 4,395 glem?® Density 24,395 glem3
Diameter : 9.9 mm Opombe : PERMANET
Area - 0.7698 cm®

MGRS+PA12
1.batch

Vol% of MGRS powder
Density [g/cm?3]

Br [mT]

Hcb [kA/m]

Hcj [kA/m]

BHmax [k]/m3]

55
4,4
537,3
221,9
349
38,7
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Hypothesis of mag. properties

In case of using PPS (for T, up to 150° C):

Actual MGRS + PPS Schaeffler
MGRS+PA12 hypothesis requirements

Vol% of MGRS powder ~ 65

Density [g/cm?3] 4,4 ~ 5,3 /
Br [mT] 537,3 ~ 636 869
Hcb [kKA/m] 221,9 ~ 260 649
Hcj [kA/m] 349 ~ 358 1617
BHmax [kl/m3] 38,7 ~ 45 140

Results show that with first test MGRS+PA12 we achieve 100% alignment of anisotropic particles. In case of higher vol% of MGRS
powder (and higher density: 5,3 g/cm3) we assume that we would achive 95% alignment and lower Hcj (due to internal friction).

With injection bonded magnet (MGRS recycle powder) we potentially can achieve max. 636 mT.
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MGRS recycle powder characteristics, second batch: c13B

MagREEsource

*®

MAGNET POWDER QUALITY CONTROL Date : 13/10/2025
Description Anisotropic NdFeB powdear Batch reference C13B8 Project number
Customer Kolektor sample weizht Bkg SICAPERMA & PERMANET
MAGMETIC CHECKING
Designation Fumnctions to control Comtrol method Precision Average Comments
Remanent polarization pMy, (25°C) (T) METIS pulsed magnetometer 0,005 T 118T powder aligned witin a resin prior to M{H) measuremeant
ROM-C136-01 Coerdvity Hy (25"C) (ka/m) METIS pulsed magnetometer 10 ka/m 713 ka/m
[BH] e [25°C) (k2/m3) METIS pulsed magnetometer 229 ki/m3
CHEMICAL CHECKING
Designation Fumnictions to control Comtrol method Results Comments
I Hydrogen :nnlarplna_tlm LECD OHE3S 432 ppm
CheyEen contamination LECD OHA36 774 18 ppm
GRANULOMETRY
Designation Functions to control Control method Results Comments
Cvao (pm) Mastersizer 3000 + 428 pm
RCG-C138-01 Crvs0 [pm) Mastersizer 3000 + 241 pm
D0 [pm) Mastersizer 3000 + 109 pm
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Compounding and injection molding at KOL (with second batch C13B)

10 wt% of PA + 90 wt% of MGRS Nd POWDER (55 vol%) = standard recipe

Magnet-Physik Dr. Steingroever GmbH - Permagraph
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- ’;;l 300 MGRS+PA12 MGRS+PA12
ya 1.batch 2.batch

s . ’ 200 o)
P i Vol% of MGRS 55 55

/ . powder
JRE I R « ! / I Density [g/cm?] 4,4 4,46

o 30
t t y; t 1
-400 -350 -300 -250 -200 -150 -100 -50
i) / Br [mT] 537,3 552,7
1 y 3 Average Coil - JH 26-1 Date :2.04. 2026
By =550.7 5492 5508 5502 mT Customer - Kolektor KFH
(BH)max =374 371 369 371 kJ/m? +lmax S50 % Operator - Rok HCb [ kA/m ] 22 1 ; 9 208, 9
Hes =210.1 2089 207.7 2089  KkA/m Imax £ 50 % Shape : Cilindricni
Hes =3322 3306 320.2 3307 KkA/m dl/dt $13 % Material : Bonded rare earth
B =0318 0316 0320 0318 T Ident materiala - 1 / ]
H: =118 M7 15 N7 kA/m Room temp.: 22.1 °C Naziv - Permanet 2 HCJ [kA m 349 3 36[ 1
Jk =0496 0494 0496 0405 T Spec. temp. : 24 °C Delovni nalog  :
He =931 921 9.0 918 kA/m Sarza :
Hmae =1334 1331 1335 1333 KAm Piece No. 5 BHmMax [kJ/m3] 38,7 37,1
T =24 24 25 24 C Premer magneta :
Hrec = NaN Density : 4.452 glem?® Density :
Diameter  : 9.94 mm Opombe
Area 0.776 cm?
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Comparison 1st and 2nd batch with Schaeffler requirements

Actual Actual Schaeffler
MGRS+PA12 MGRS+PA12 requirements
1st batch 2nd batch
Vol% of MGRS powder 55 55 /
Density [g/cm3] 4,4 4,46 /
Br [mT] 537,3 552,7 869
Hcb [kA/m] 221,9 208,9 649
Hcj [kA/m] 349 336,1 1617
BHmax [kJ/m3] 38,7 37,1 140

Overall, 2nd batch of deliered MGRS powder and prepared compound showed improved results in comparison with 1st batch, but still
not meet Schaeffler requirements.

PERMAN ET‘% < e



Final automotive part (magnetic sensor for gas pedal) - in serial production

Besides regular reporting of material characteristics, we produced also final automotive part at Kolektor, which can be sold to final
customer. We injected magnetic sensor for gas pedal and confirmed also final magnetic measurements on part. See picture of magnet

sensor and magnetic measurements below:

KOLEKTOR P:lEHILNO POROCILO
Meritve magnetnega momenta

Koda: 5.212.38 Tip: mzagnst
Ident TT: JAE0LL Kupec: Baosch
saria mase neril: niha Kenk
Kolitina: 40 kosow Pregledal: iz kenk
DML
Opombe: Merilna oprema: EFS + Helmholtzova tuljava M5150

Testna masa: PERMANET EU MGERS powder+ PALZ (2. BATCH)
Kraj in datum: Idrija, 15.03.2025

Magmat
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Conclusions:

Kolektor succesfully inject one of the serial product
with recycled NdFeB powder from MGRS.

Product results meet all magnetic specifications
required from customer.

Funded by
the European Union



PERMANETQ

PERMANET Project
web: www.permanetproject.eu

email: info@permanetproject.eu

the European Union or European Health And Digital Executive Agency (HADEA). Neither the European Union nor HADEA can be held

o the European Union responsible for them.

Funded b}.l' Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of
LS



http://www.erion.it/en/inspiree-project
mailto:francesco.gallo@intelyum.it
http://www.erion.it/en/inspiree-project
http://www.erion.it/en/inspiree-project

	Diapozitiv 1: Compounding MGRS recycled anisotropic NdFeB powder at KOL
	Diapozitiv 2: Target magnetic properties defined together with Schaeffler 
	Diapozitiv 3: MGRS recycle powder characteristics, batch: C13A
	Diapozitiv 4: Compounding and injection molding at KOL 
	Diapozitiv 5: Hypothesis of mag. properties
	Diapozitiv 6: MGRS recycle powder characteristics, second batch: C13B
	Diapozitiv 7: Compounding and injection molding at KOL  (with second batch C13B)
	Diapozitiv 8: Comparison 1st and 2nd batch with Schaeffler requirements 
	Diapozitiv 9: Final automotive part (magnetic sensor for gas pedal) - in serial production
	Diapozitiv 10

