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Magnetic moment

An electrical current, |, is the source of a magnetic field B
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Kinetic moments of the electron in the atoms:
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Kinetic moment of a charge
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magnetisation
magnetic susceptibility
magnetic permeability
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Diamagnetic
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b) antiferromagnetic
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c) ferrimagnetism
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M (pB/f.u.)

MS =5.03 pB/f.u.
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The influence of the demagnetising field on the magnetisation curves
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Case study:

magnetic measurements on plate shape samples

NO MAGNETOCRYSTALLINE ANISOTROPY
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M;(0)

T-0K

Ms(o) = gJ IJB JO \

For the rare earth (Gd for example): J,=J,,

For 3d transition metals (Fe, Co, Ni...), the
orbital moment is blocked by crystalline field:
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Curie temperature evaluation
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In the low magnetisation region - for example T —» Tc; T<Tc
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M (0) = g, Mg J, “ /ﬂeff = gugJ p(Jp +1)

For the rare earth (Gd for example): J,=J,,

For 3d transition metals (Fe, Co, Ni...), the

/orbltal moment is blocked by crystalline field:
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r = 1 local moment limit
r —oo total delocalisation limit

Gd' | Fe' | Co' | ThFe,,C, 2 Fe,C3 HoCo,Si*¢ | YCo,B,>

r | 1.00 | 1.01 | 1.32 1.5 1.69 2.03 .00
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If there are some(ferromagnetic im@
Paramagnetic sample




If there are some(ferromagnetic im@
Paramagnetic sample
M = yH
M







axial symmetry:
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T < Ty, antiferromagnetic materials, ¥, > ¥

Density of energy i magnetic field H,

low anisotropy energy

spin — flop transition
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High anisotropy energy
spin — flip transition
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and metamagnetic transition
spin-flop

also in ferrimagnetic materials






reversible




B = (i + M)

Fundamental research‘ M

Application research ‘ B
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Hard magnetic materials

'H O (BH)maX BH



Hysteresis measurements in soft magnetic materials
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Hard M agnetic Nanocrystalline M aterials

high Hard phase

anisotropy
. ' exchange-spring magnets
large

magnetisation

5h =T \/ Ah / Kh
D, = soft phase critical dimension

0, = width of domain wall in the hard phase

A, and K, are the exchange and anisotropy constants



Hard M agnetic Nanocrystalline M aterials

Enhanced remanence
m, >0.5(m, =M,/M)
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EXPERIMENTAL
criteriafor the presence of the
exchange spring mechanism

Largereversible
demagnetization curve




I I 1 1 I I 1 1 I l 1 I I 1 | 1 1 1 I
SmCo + 2()Fe/8h M M
100
50
D
=
5 o
> e asmilled
% 450°C 0.5h
-50 —500°C 1.5h
~* 550°C 1.5h
—°600°C 0.5h
-100

V. Pop, O. Isnard, I. Chicinas, D. Givord, Proceedings of Euro PM2005, Prague



M (emu/g)

SmCo /20% Fe

........................................................

—e— 8h_M (emu/qg)
—— 8h+450C/0.5h
——— 8h+550C/1.5h |
—— 8h+650C/0.5h

-3

-2

-1

0
H(T)

1

2 3 4



M (emu/g)

80

60

20

SmC05/20% Fe

—&— 8h_M (emu/g)
—4&— 8h+450C/0.5h
—<— 8h+550C/1.5h
—&— 8h+650C/0.5h




SmCo_/20Fe

100 T=300K
50
o
>
E 0
Q
2 /
_50 |
8h+550C/1.5h
——2h MM
-100 L 2h+450C/0.5h
| | \ |
-4 2 0 2




N.H. Hai, N.M. Dempsey, D. Givord, JMMM262 (2003) 353
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recoil loops
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MECHANICAL ALLOYING soft magnetic materials
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