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The world of technological magnetic materials
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» GLOBAL MARKET OF HARD AND SOFT MAGNETS
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What is a permanent magnet?

A COMPOUND WITH A WELL KNOWN STOICHIOMETRY ABLE TO PRODUCE
STRONG MAGNETIC FIELDS WITHOUT APPLYING A CURRENT TO A COIL, I.E.
WITHOUT ANY ENERGY CONSUMPTION
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» MAIN CHARACTERISTICS OF A PERMANENT (HARD) MAGNET
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MAIN CHARACTERISTICS OF A PERMANENT MAGNET

Maximum energy product (BH)max
For an ideal magnet

' induction loop
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MAIN CHARACTERISTICS OF A PERMANENT MAGNET

By courtesy of Magneti Permanenti Industriali (I)
NdFeB

Coercivita

Rimanenza Coercivita Intrinseca

Max Prodotto di Energia

Br HcB Hel (BH)max
mT MGOe K)/m?

LoE . Rl e B By courtesy of Vacuumschmetze G.m.b.H (D)

MPN 35 11.700 | 12.100 > 10.900 > 860 * 12.000 . 33 3s 263 279 8

MPN 38 12.200 | 12.600 » 11.300 : 899 = 12.000 36 38 287 302 S m- CO
MPN 40 12.600 | 12.900 s 11.400 > 907 > 12.000 38 302 318
MPN 42 12.900 | 13.200 > 11.500 915 | =12.000 4 318 134
MPN 45 13.300 | 13.600 » 11.600 2 923 = 12.000 > 43 342 358
MPN 48 13.700 | 14.000 : 11.600 : 923 = 12.000 5 46 L8 366 382
wPso {1000 1 10000 | 2796 |:11000 : 82 | 308 Table 2: CHARACTERISTIC MAGNETIC PROPERTIES OF VACOMAX AT ROOM TEMPERATURE (20 °C)
MPN 52 14.200 | 1 10.000 » 796 » 11.000 2 398 414
MPN35M | 11700 | 12.1 210900 | :860 |=14000 | 263 | ;219 Material See | Remanence Coercivity
MPN 38 M 12.200 > 11.300 899 14.000 38 287 302 "

MPN4OM | 12.600 | 12.900 + 11.600 - 923 = 14.000 | = 302 318 Code page
MPN42M | 12.900 | 13.200 12.000 £ 955 | 214000 |» 4 318 334

MPN 45 M 13.300 | 13.600 | 1 = 12.600 995 > 14.000 |- 3 A 342 358
MPN 48 M 13.700 | 14.000 > 12.900 z 1.019 > 14.000 | > 2 A 366 382 HCB

MPNSOM | 14.000 | 14.300 > 12.900 > 1.035 14.000 |» 382 398
MPN 35 H 11.700 | 12,100 > 10.900 > 860 = 17.000 |»1.35 g 279
MPN 38 H 12.200 | 12.600 » 11.300 899 = 17.000 |>1.35 3¢ 302
MPN 40 H 12.600 | 12,900 > 11.600 > 023 »17.000 | : 318
MPN 42 H 12.900 | 13.200 12.000 = 955 = 17.000 |» A 334 VACOMAX 240 HR
MPN 45 H 13.300 | 13.600 + 12.300 . >17.000 |» 3 358 200/64

MPN 48 H 13.700 | 14,000 : 12.500 = 995 >17.000 | 2 x 382

MPN 30 SH | 10.800 | 11,200 | 1 10.100 > 804 | 220000 |2 1595 3 239 1 VACOMAX 225 HR
MPN 33 SH 11.400 | 11,700 > 10.600 s 844 » 20.000 |» 3 263

MPN35SH |11.700 | 12.100 = 10.900 > 876 : 20.000 | 3 279 190/159

MPN38SH | 12200 | 12.600 + 11.300 2907 | 220000 |» 3 8 302 VACOMAX 225 TP
MPN 40 SH | 12.600 | 12,900 > 11.600 = 939 = 20.000 | =159 318

MPN 42 SH | 12.900 | 13,200 | 1.2 » 12.000 . 963 | =20.000 |» 334 190/159

MPN 45 SH | 13.300 | 13.600 3 : 12.300 > 987 »20.000 | » y 4 158 VACOMAX 225 AP
MPN 30 UH 10.800 | 11.200 » 10.100 > 804 > 25.000 8 239

MPN33UH |11.400 | 11.700 - 10.600 > 844 > 25.000 ; 263 170/159

MPN35UH |11.700 | 12,100 = 10.900 : 876 > 25.000 279 VACOMAX 170 HR
MPN 38 UH | 12.200 | 12.600 > 11.300 2 907 = 25.000 3 3 302

MPN 40 UH | 12.600 | 12.900 > 11,600 = 939 > 25.000 § 318 170/120

MPN 42 UH | 12,900 | 13.200 » 12.000 : 963 = 25.000 4 334 VACOMAX 145 S
MPN 30 EH 10.800 | 11.200 = 10.100 > 804 > 30.000 8 239

MPN33EH | 11.400 | 11.700 = 10.600 z 844 z 30.000 263 140/200

MPN3SEH |11.700 | 12.100 > 10.900 : 876 30.000 | » 3 279
MPN 38 EH | 12.200 | 12.600 2 > 11.300 = 907 = 30.000 3 302
MPN 40 EH | 12.600 | 12.900 > 11.600 > 939 30.000 ¢ 318
MPN 30 AH | 10.800 | 11.200 | 1 > 10.100 804 »35.000 | ¢ 239
MPN33AH |11.400 | 11.700 10.600 x 844 = 35.000 3 263
MPN3SAH |11.700 112100 | 1 + 10.900 > 876 »35.000 | » 270




MAIN CHARACTERISTICS OF A PERMANENT MAGNET

Typical second quadrant B and J curves for some permanent magnets

T I !

Nd,Fey4B
2 °“r Sm-Co(2-17)
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» REQUIREMENTS TO CHOOSE A FERRO(FERRI)MAGNETIC MATERIAL TO BE A HARD
MAGNET

Curie Ferromagnetic temperature above 500 K
to allow a reasonable working temperature range

Low simmetry crystal structure
to achieve a preferential crystallographic axis

Positive first order anisotropy constant
to obtain the c-axis as the easy magnetization direction

High value of the room temperature saturation polarisation (> 0.8-1 Tesla)
to produce a high magnetic field
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» PRODUCTION OF PERMANENT MAGNETS

ALNICOs

Spinodal decomposition —» two phases

0 phase Fe-rich Figure 13.7 Schematic of the evolution of the « — o' microstructure in alnico: (a)
. c spheroidal precipitates of « on simple cubic lattice and o’ on interpenetrating simple
o’ phase Ni-Al rich

cubic lattice; (b) particles elongate along (100} during tempering; (¢) one direction of
elongation is favored if the decomposition occurs in a saturating magnetic field.
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» PRODUCTION OF PERMANENT MAGNETS
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» PRODUCTION OF PERMANENT MAGNETS

Ferrites (hexagonal)

BaO'6Fe203

Q Oxygerf2

O Ba*2 [ons

$ Fez+3 Octahedral

é Fe?”lL Octahedral

Unit cell

@ Fe>* Tetrahedral
Bipyramid

@ Fe3* Octahedral

@ Fe3* Tetrahedral

«—— Unit molecule ——»

-

Some Fundamental Physical Properties of Ba, Sr, and Pb Hexaferrites

Lattice Constants (nm)

Mass Density oM, (RT) T,
a ¢ (g/cm?) (T) (K)

232 3.3 0.48 740
231 5.11 0.48 745
2.30 5.68 043 725

The magnetism is done by Fe3" ions carrying each 5 p;.
12 Fe3* ions f.u.:

8 ions T

4jons {

The resulting magnetic moment is 20 pg/f.u.
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» PRODUCTION OF PERMANENT MAGNETS

Complex commercial production protocol

Ferrites (hexagonal)
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» PRODUCTION OF PERMANENT MAGNETS

A. Anisotropic (textured) magnets

B. Isotropic magnets
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics

Up to now magnets with best magnetic characteristics

@ Magnetic 4f shell
Ferromagnetic coupling
between 4f and 5d spins

Magnetic 3d electrons
3d band
Strong T — T coupling

Rare Earth (R) -<

Strong magnetocrystalline

: High Curie temperatures
anisotropy

“—Weak R - R coupling

Antiferromagnetic coupling between M 3d spins and R 5d spins
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics

Strong antiferromagnetic coupling
between 4f spins and 3d spins

Two different results for light and heavy
rare earths related to spin-orbit coupling
inR

magnetic moment, pg/formula unit

heavy rare
earths

\
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics

" . 41000
Curie temperatures of transition metal-rich RE- E 600 7('/
TM(-B) compounds of interest as the main phase @i+ 1 1 800
c o
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics

Easy-axis magnetocrystalline anisotropy required

AL L LLLLLLLA
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\7 R :
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R,M,B (M =Fe, Co)

Compound

“DA“’; BZI Kl

AE, EMD a;

YZFCHB

[BzFe:4B

Cs B
»FesB

szCl.:B

szFeg B
Gdg FC; 4B
szFCNB
Dy;FeisB

HOZFCHB

ErzFe; 4B
Tm;Fe,sB
YbyFej4B
LuFeysB
YzCO;.;B
L2,Co,:B
Pl‘zCOuB
Nd;Coy4B
Sm;CoysB
VGdzCOx.: B
TbyCoy4B

554
545
527
535
1015
955
995
1007
1029
1050
1035

131
18.1
~23
28.2
19.2
204
2438
257
18.1
54
(€)

1.55
1.50
1352
1.76

1.86
1.57
0.90
0.65
0.58

0.57

1.5 +0.8
1.3 +0.7
3.0 +18
29 +24
55
35% -16.0
16.6
-14.7
40 -26.0
1.7 +0.5
40 +69
23 +3.8
+4.8

18% —1.1
-1.6

16 -14
17 3.6

2.4

30 -13
34 -14
755010 =

-87
+28.0
+39.3

+32.9

+0.8 ” ¢
407 e
+18 |l¢
+240 | ¢
+62 +30.0
+0.5 +12.5 | cf
13.0 +9.7
-6.5 +11.7
B -26.0
= +0.5
= +6.9
+3.8
+5.7
+3.4
+3.4
+20
217
29




» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics

Strong magnetocrystalline anisotropy
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Co

Two different industrial processes for bulk synthesis

R,O, + 10 Co + 3 Ca 22 &3 R85 pco. + 3 Ca0 (General Electric Inc. U.S.A.)

R,O3 + h C0o,0, + (10 — 3n) Co + (4n + 3) Ca 20 CPacums iowrs 9RCos + (4n + 3) CaO
(Goldschmidt AG. Germany)

Material synthesis Crushing, Powder milling Powder blending

Heat treatment Sintering
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Co

SINTER

Typical temperature-time profile for the
sintering of SmCos; magnets.

FURNACE
cooL

TEMPERATURE (°C)

QUENCH

TIME (HOURS)™®

O
. . : 750° Oow C
Typical temperature-time profile for the : _,m~i@°

sintering and heat treating of 2:17 - type 0-10 HRS.
magnets. The relative hysteresis cycles
obtained are also reported.

|
|
'
|
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R - Co_ (4 ZHAOBAO

PERMANENT MAGNET SOLUTIONS

The Intrinsic The maximum Wiork
coercivity magnetic area teToeatue

Remanence Coercivity

Material No
T kGs kOe KA/ kOe kA/m MGOe kJ/m3 (
1 081-0856 81-85 78-83 620-660 15-23 1194.1B30 14-16 110-127 250
2 085-090 85-90 83-8% 660700 15-23 1194-1830 16-18 27-143 250
3 090-094 90-94 B85-91 680-725 15-23 1194-1830 19-21 180167 250
4 % 92-98 89-94 10-75( 15-23  1194-1B30 20-23 160-17% 250
SmCo5 5 096-1.00 96-100 92-97 730-770 15-23 1194-1830 22-24 176-180 250
6 0.85-0.90 B85 1.0 83-88 660 00 18 25 433-200C 17-18 13§ 15 50

7 0980-094 90-94 85-9.1 680-725 18-25 1433-2000 18-20 143-160 250

11 0985-1.02 985-102 87-94 700-750 »25 > 1990 22-24 175-191 200
12 1.02-1.05 10.2-105 )4-9.8 750~ 780 » 28 » 1990 24-26 191-207 350

756756 =25 > 1990 26-28 207-220 350

16 093-097 93-97
16 ).956-1.02 895 02 8.7-94 700-780 =18 e 1433 24 o 30C
17 1.02-105 102-108 94-98 750-780 »18 1433 24-26 191-207 300
18 103 8 103 08 95-1 156 - 79¢ »18 » 1433 26-28 207-22( 300
19 1.08-1.10 108-11.0 99-105 788-838 =18 »>1433 28-30 220-240 300
Sm2Co17 20 10-1.13 11.0-11.3 10.2-106 811
21 1.02-1.05 102-105 90-98 716-780 12.0-160 956-1273 24-26 191-207 300

1.08 10.3108 8010 716796 120 16.0 9565.1273 6 8 207 220 300
23 1.08-1.10 108-11.0 90-105 716-835 120-18.0 955-1273 28-30 220-240 300
24 110-1.13 110-113 90-108 718-745 12.0-168.0 956-1273  29-32 230-258 30

25 096-102 95-102 70-8.0 557-716 B8.0-120 B6356-955 22-24 176-19 300

27 103-1.08 103-108 7.0-96 657-765 B0-120 636-955 26-28 207-220 260

1.08-1.15 108-11.5 7.0-10.0 557 -79¢ 80-12.0 636-955 28-30 220-240 50
28 1.10-1.15 11.0-115 7.0-102 557-810 80-120 8638-955 29.32 230-255 250
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Fe — B magnets

« Powder metallurgy

Material synthesis . Ca - reduction process
 Melt spun

Material synthesis
Primary milling

AY
Vd

ULTRAmilling <
4 Pressing and allignment

<
> Thermal treatment
Mechanical working @

ViaU = U

L-Z
N\
DD O D
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth Metal transmon Intermetallics: R — Fe — B magnets

£ e
"iah polish i plating
NdFeB (sez. N)

[575%]

-rom MagDrive european project m -m

| T ——
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Fe — B ma

\(_, SUPPLIERS Ningbo Tongchuang Strong Magnet Material Co., Ltd.

Gold Member of Made-in-China.com

Home Company Info ProductlList Offer List Contact Details Audit Reports Send Inquiry

Available Coatings:

Su rface Coating | Thl-ckness Color Resistance ‘
I (Microns) .
Passivgti;qﬁ =l 172 77[7"8ilver Grey jTemporary Protectlon"
Ni+Ni | |
Nickel NI —1 1020 Bl Sy, || FrEeIenL adainst
| Ni+Cu+Ni | Humidity
Zn Bright Blue G°°d'{8*9f;”5‘ Salt. '
Zinc | | 8-20 L pray
C-7n ‘ Shinny Color * Excellent Agalnst ’
| Il 1 Salt Spray
Tin Ni+Cu-+3n 1520 Slver Superior Against
| L ____ Humidity
Gold Ni+Cu+Au 1020 |  Gold StperiorAgainst |
| L Humidity
7 Copper H Ni+Cu 10-20 V Gold
| _ Epoxy | Black Red Excellent Against
Epoxy | N|+Cu+Epox3f | 1525 | a%réye ‘| Humidity & Salt
V Italian School of Ma | iy | i Spray




» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Fe — B magnets

N35 Line Type Apparent k Ratio Wit% Wt%  Atomic %
Element Concentration Slgma

What does it mean the grade of a NdFeB Y = o — 1 e pas Y
magnet? (N35 - N52) Fe K series 65.42  0.65422 0.56 81.56

N° Material Name Grade Blnslde [T] Max Twork [oC] Pr L series 7.05 0.07053 0.37 3.62
Nd L series 23.23 0.23228 0.49 11.59

Total: 100.00

N52 Line Type Apparent k Ratio Wt% Atomic %
Element Concentration Sigma

Z0.3%0.3 Ni N35 1.17 80
Z0.3%0.3 Ni N3s8 1.22 80
Z0.3%0.3 Ni Na4o 1.25 80 .
Fe K series 68.46 0.68462 0.56
Z0.3%0.3 Ni Na42 1.28 80 .
Pr L series 6.45 0.06455 0.36
Zo:3x0.3 Ni Nas L Es Nd L series 21.33 0.21331 0.47
Z0.3%0.3 Ni Na4s 1.38 80 otk
Zo.3x0.3 Ni Nso 14 60 40UH Line Type Apparent k Ratio Wt%
Z0.3x0.3 Ni N52 1.43 60 - e ntration Sigma
Zo.3x0.3 Ni 40M 1.25 100 Al K series 016  0.00113 0.11
Z0.3x0.3 Ni 40H 1.25 Fe K series 67.38 0.67376 0.57
Z0.3x0.3 Ni 40SH 1.24 Co K series 2.47 0.02473 0.28
Z0.3%0.3 Ni q0UH 1.24 Pr L series 5.78 0.05776 0.35
Nd L series 18.90 0.18903 0.46
Dy L series 5.42 0.05420 0.73
Total:

1
p
3
4
5
6
7
8
9

— | = | =
N =2 O
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» PRODUCTION OF PERMANENT MAGNETS

Rare Earth — Metal transition Intermetallics: R — Fe — B maqgnets

The problem of temperature in RFeB magnets

c
Q
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c
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100 150 200 25
Temperature (K)
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What is a SOFT magnet?

Small coercive
force

Figure 2

A material, typically an alloy, an amorphous or a metallic glass,
with very small coercive field, which is able to be magnetized and
demagnetized several times in the time unit (up to GHz
frequencies)
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» MAIN CHARACTERISTICS OF A SOFT MAGNET

Remanent
Induction

Bs

Maximum Permeability
Mm = B/H at knee of

magnetization curve 1. Initial permeability p;
2. Maximum permeability p, .,

Field \4 3. Coercivity
HcB

Coercive

Initial Permeability
M; = B/H for very

small H
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The magnetic properties strongly depend from the thermal process

Various shapes of hysteresis loops
measured for 65 Permalloy

(a)annealed at 1000

C

(o]

(b)annealed at 425°C for 24 h,

(c)annealed in a longitudinal field

(d) annealed in a transverse field.

H IN OERSTEODS




» MAIN CHARACTERISTICS OF A SOFT MAGNET

Typical magnetic properties of
soft Fe-Co alloys

(from Vacuumschmelze G.m.b.H
Germany)

DC MAGNETIC PROPERTIES AFTER MAGNETIC FINAL ANNEALING (SOLID MATERIAL) - TYPICAL VALUES
Material H, H, Hoa J at J at J at J at
max. typ. 10 kA/m 16 KA/m 20 kA/m 40 kA/m
A/m A/m T T T T
VACOFLUX 50" < 240 100 2.27 2.28 2.28 2.29
VACODUR 49" < 240 100 2.27 2.28 2.28 2.29
VACOFLUX 27 < 240 150 2.1 2.22 2.27 2.38
VACOFLUX 172 < 200 140 1.94 2.04 2.09 219
VACOFLUX 18 HR? < 350 170 1.87 1.96 2.00 2.06
VACOFLUX 9 CR" < 200 130 1.70 1.76 1.78 1.80
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Typical magnetic properties of
soft Fe-Ni alloys (strips)

(from Long Line Electronic
Company Limited China)

» MAIN CHARACTERISTICS OF A SOFT MAGNET

4. Permalloy Properties

V Italian School of Magnetism Roma 3 - 7 FebbralcC

Brand Class |Strip Thicilmagnetici, Max |[Coercivit [SaturatedApplicatio
No. kness |[permeabi y magnetictn
(mm) l-ity in |Permeabi] (Hc) susceptibfexamples
Magnetic| I-ity(?m) i-lity (Bs)
field
0.001
(Uo)
Gs/Oe | Gs/Oe Oe Gs
Not less than Not less |Not more
than than
1J50 0.1 3200 32000 0.18 15000 |(Electrom
0.2 3600 | 40000 0.14 a-gnetic
0.35 4500 | 50000 0.12 core and
shield
material
1J79 | YB/T52 0.1 22000 [ 200000 [ 0.02 7500 |Electrom
51-93 0.2 24000 | 220000 | 0.015 a-gnetic
Factory 0.1 22000 | 140000 core and
Standard| 0.2 24000 | 145000 shield
material
1J85 [1J85YB/| 0.1 70000 | 180000 | 0.015 6500 |Electrom
T52 0.2 80000 | 220000 | 0.01 a-gnetic
51-93 0.3 80000 [ 250000 [ 0.009 core and
0.1 80000 | 150000 shield
Factory 0.2 80000 | 150000 material
Standard| 0.3 70000 | 140000
UZU




» DISSIPATIONS IN SOFT MAGNETS

A. Hysteresis losses
The hysteresis loss is the energy Steinmetz law
dissipated (by heat) in one
loop.

Physt.= n'Brlﬁgx.'v'V

MATERIAL | Hc Wi, PW (watt)
Fe-C 025 Wt % . (A/m) (-J/ms)
Fe 80 500 0.03
‘ Fe — 4% Si 40 350 (ON0)

Permalloy 4 20 1.2 x 103

’ Mumetall <1 4 2.4 x 10
78

Permendur 160 0.07

(Msoft magnet
Volume = 1cm3® At 60 Hz work frequency
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» DISSIPATIONS IN SOFT MAGNETS

B. Eddy current losses

Eddy current losses arise from the fact that the core itself is composed of

conducting material, so that the voltage induced in it by the varying flux
produces circulating currents in the material.

Faraday’s Law

( y ) K-BZ,. -v?-.d?

p

g —

/
’
’
’
’
’
’
’
’
¢
g
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\
\
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» DISSIPATIONS IN SOFT MAGNETS

C. Domain wall motion losses

LDomain wall
B Eddy current
B Hysteresis

120 -30 -40 0{Oe 40 S0 120
Permalloy 70

N
I
o
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wn
o
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(@]
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Grade: C140 C130 H120H111 H105 H103 H95 H90 H85
Thickness (mm): 0.35 0.30 0.30 0.30 0.30 0.27 0.27 0.23 0.23
Laser




» PRODUCTION OF SOFT MAGNETS: METALLIC ALLOYS
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» PRODUCTION OF SOFT MAGNETS: METALLIC ALLOYS

1. The effect of the annealing temperature T T

X% Ni- 4% Mo- 5% Cu-bal Fe

F

I

\
JVAD
PN

N

. -

INITIAL PERMEABILITY

1.
Furnace cooled -~ /

} p,

] \&

\
N ) / |
/ e S Q TR
e ~—

| 1

40 60 80 100

. L. o
Per cent nickel in iron 470 510 550
BAKE TEMPERATURE (°C)

Fig. 5.30. Composition dependence of and effect of heat treatment on maxi-
mum relative permeability of the Fe-Ni alloys (Bozorth [1951]).




» PRODUCTION OF SOFT MAGNETS: METALLIC ALLOYS

2. The use of a magnetic field during the synthesis protocol

PERMINVAR

s
{a) 65 permalloy
annealed with

field present /
Cooled with field /

B IN GAUSSES

Il
43
2]
"
5
3
&
£
=
c
(=]
k3
3]
3
°
£

e
o

\
(b) 65 permalioy
annealed with
field absent

Maximum permeability, K

: 1 1 1 |
e Gooled without fietd -03 -02 -01 O 0J 02 03
o— —o——}———?— B .

o . : 700 800 900 1000 1100 FIELD STRENGTH,H, IN OERSTEDS

Field strength, H, in Oe Annealing temperature in °C

PERMINVAR: THE ANNEALING PROCESS IN MAGNETIC FIELD HAS THE
RESULT TO CHANGE COMPLETELY THE HYSTERESIS LOOP




» PRODUCTION OF SOFT MAGNETS: AMORPHOUS ALLOYS

Free jet melt spinning
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Planar flow casting®

Figure 10. Nozzle configuration for free jet melt spinning and
planar flow casting.




» CHOICE OF SOFT MAGNETS
1. SHIELDING

Requirements: Very high permeabillity -_JL‘

Ultra pure iron (very difficult)

Fe 99.99%

Fe 99.9%

Fe (0.1% C)

100 200
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Permalloy or Mumetal

J(T) |

=21

e

GO SiFe

Fe 15-Ni80-Mo5

H (A/m)

20




» CHOICE OF SOFT MAGNETS
2. DC Field power electronics

Requirements: Very high polarization

J=24T
He = 200 A/m

Permendur (50:50 Fe - Co)
p, = 3000

—
wn
™T

B - itgH, Teda

—
o
T

1000
H, Amps/Meter
viaglle [T

40 80
WEIGHT PERCENT Co




» CHOICE OF SOFT MAGNETS
3. AC Field Low Frequency ( 1 Hz...100 kHz)

Requirements: Low hysteresis loss _

Amorphous alloys (Metallic Glasses), Permalloys
Low eddy currents loss P ys ( ) y

METGLAS alloy 2605SA1

2
o5 } Longitudinal field anneal

1
0'5| No field anneal

50

P (W/kg)

100

CORE LOSS-WATTS PER POUND

10

1

0.1

0.01

100 1000
FLUX DENSITY - GAUSS
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» CHOICE OF SOFT MAGNETS
4. AC Field High Frequency (...up to GigaHertz)

Requirements: Very low hysteresis loss
Very low or null eddy currents loss
Very low domain walls loss

High simmetry ferrites (based on NiZn or MnZn ferrites)

Hin

10,000 | | 4 L} , | Garnet ferrites (1 — 10 GHz )
Spinel ferrites (3 — 30 GHz)
1,000 - ' ' + 8 i | Hexagonal ferrites ( 1 — 100 GHz )

100 |

1k 10k 100k 1M I0M 100M f(Hz)

V Italian School of Magnetism Roma 3 - 7 Febbraio 2020




MAGNET SCHOOL

5
i
|
g

V ltalian School of Magnetism Roma 3 - 7 Febbraio 2020




