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1. Phase diagrams R-M, R = rare-earth, M = Mn,Fe,Co,Ni
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Crystal structures
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2. Magnetic properties R-M compounds
R: 41 electrons, small spatial extent (well localized)

La,Lu, (Y) nonmagnetic

M:3d electrons

onset
well established < >exchange enhanced paramagnetism
magnetism collapse

Magnetism of transition metals in rare-earth compounds
2.1 Magnetic propertis of exchange enhanced paramagnet
2.2 Induced transition metal moment, H_
2.3 Magnetic behaviour of Co,Ni,Fe at H> H_..

Magnetic coupling
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pA | Exchange enhanced paramagnet

Co exchange enhanced paramagnets

YCo, LuCo,
Y(CO 1 -XNiX)2
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T<10K X = X, (1+aT?)
T >T* Curie Weiss — type behaviour X = C(T-0)1; 0<0
Y(Co, Ni), M (Co) little dependent on composition
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Y(Co,,S1,), high decrease of M_(Co)
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Band structure calculations: LMTO-ASA




Y(Co,_S1,), Hybridization effect Co 3d-Si2p bands

l
double peak is broadened by p-d hybridization

Co3d band shifted to lower energy
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Compound

Xexp at 1.7 K
(emu/fu)-10°

Xcalc
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Self consistent theory of spin fluctuations

Wave number dependent susceptibility, X, for a nearly
ferromagnetic alloy has a large enhancement for small g values

T-lifetime of LSF
Low temperature

(thermal fluctuations-transversal slow)




Approximation for nonmagnetic state

¥ T2

X(T)/ as T /

N~ > 0 (necessary condition, not sufficient)




High temperature

Average mean amplitude of LSF is temperature dependent

S, ./ asT/uptoT* S..)

loc
S
determined by charge neutrality condition

The system behaves as having local moments for temperatures T > T* where the
frequency of spin fluctuations




Crossover between low T regime governed by" spin

fluctuations and high T classical regime




Gaussian distribution of spin fluctuations
(Yamada)
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We denoted by aj, a;, a5 and a; the expansion coefficients of the free energy with respect to
the square of the magnetization density and «, qn and A denote the molecular field
coefficient, the cut-off wave vector of spin fluctuations and the exchange stiffness constant,
respectively.

In the following we limit the series expansion development up to terms in §%. The

explicit expressions for a; coefficients were givenas:
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We denoted by N the state density at the Fermi level and N',N",N"'and N"" are their
derivatives of order to one up to four.
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Quenching of spin fluctuations
Beal-Monod, Brinkman-Engelsberg

Ikeda et al: specific heat

: Burzo-Lemaire

If the magnetic field is sufficiently large so that the Zeeman splitting

energy of opposite spin states is comparable to, or larger than the
characteristic spin fluctuation energy = paramagnonseslefiger have
sufficient energy to flip spins and the inelastic spin flip scattering is
quenched.

Specific heat (10T) external field (Ikeda et al)
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2.2 Induced transition metal moment
(Gd, Y, )Co, Lemaire, 1966
Critical field for appearance a magnetic moments

critical value of exchange interactions
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Band structures




E.Burzo J.Less Common Met
(1978)

Magnetization

Field H

The magnetization curve for induced ‘magnet
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Variation of the cobalt moment as function of the exchange field at 4.2 K in
RCosB compounds.

J.Franse J.Magn. Magn. Mat.
(1992)
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The Co-moment as a function of the internal field in
(R.Y)Coy: R=Gd ®, Tb 0. Dy ®, Ho C and Er o. Data
from {3].




Field dependence of transition metal moment

AM, = V- ,AH Vi, = (3:-10%)1u,/Oe

High field measurements, Amsterdam: confirmed V- value
AM, = V. AH Vi, =(18-10°)! p/Oe

Confirmed by high field measurements (Amsterdam) — cobalt
compounds
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2.3 Exchange interactions A=Go (neutron dir)
A=Co (caleulated)
A=Co (exp. data)

41-5d-3d type (Campbell) A<Fe (calulated

A=Fe (exp. data)

RM, compounds, R-heavy rare-earth

$

Fig.36
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R({5d) band polarization (;._fatom)




,GdCo, Si

nGdCo, Cu,
e GdCo, Ni
*YFe, V.
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where the spin dependent potentials, I, ', are expressed in terms of the single particle pntentm]
Vo' I,:m 1_r'T - EHL, while the effective inter-sublattice susceptibilities, ¥"/, were

defined in terms u::nt the. LDA eigenfunctions as
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We denoted by n; the orbital occupancy of d electrons, ! the orbital quantum number and
m the magnetic quantum number.
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Relative contributions given by r =S /S between the number of spins determined
from effective moments and that obtained from saturation data
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3. Technical Applications

a) RCos, R,Co,-- based magnets: light rare — earths
RCo; T, 1000 K

R,Co,, T, 01150 K

R = Sm high uniaxial anisotropy
Expensive: natural abundance of Sm, Co

L0 (4-)Sm,Fe; Nx (bonded)
(o) Nanocrystalline
(O)Ry (FeM),oNx (bonded) ~ Nd,Fey B

Sintered Sm, Coy-
b zdn

Sintered SmCos
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- low Curie points, T-[580 K

- high energy product at RT
(BH), .. (1420 kJ/m?>

max

- high decrease of energy product with T
T<100 °C

- low cost

d= 2504

Fe,(js)—Fe lky)

Fey (jyJ— Feyljy) 2,433
da 2504

Fe,(j,)— Feli,) 26334

Fey (jy) — Fegiky) 2,5874

DR(t) & R(g)
OFe(c)@Fe(e) © Felj)D Feljn) ® Fe(ky) @ Fe(kp) @ 8 (g)




'__ Vertical magnetizing
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Nanocrystalline magnets
Isotropic microcrystalline Nd-Fe-B ribbons

Alloys with low Nd content
grain refinement into nanocyrstalline regime increase B.

*High boron content Nd, ;Fe,.B g s:Ex

*Low boron content Nd Feg B¢ :Ex

Nd,Fe,,B (<30 nm)
Soft magnetic phase (< 15 nm)

- collapse of H
- deteriorated (BH) loop

dimension of soft magnetic phase <
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Rare-Earths (R)

* interesting properties for technical applications

low Curie temperatures T < 300 K




R-Fe compounds

a polycrystal
single crystal [100]

v polycrystal
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TbFe, high anisotropy: high magnetostriction

Minimizing magnetic anisotropy but maintaining a large
magnetostriction

- opposite sign of anisotropy (anisotropy compensating
system)

Tb,,,Dy, 1sFe,

Tb 27 Dy 73 Fes
. ®H160
., Oy, e, "Hi11

4Hii0
_~H =25 k0e
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3.3. Magnetocaloric effects

The 1sothermal magnetic entropy changes, AS,, (T,AH)

Discrete fields and temperature intervals

From magnetic measurements AS,, were evaluated
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LaNis; shows an absorption plateau pressure of few bars at RT. There is a
complete revesibility between formation and decomposition with a hysteresis
between the corresponding equilibrium pressure. An a—phase s.s. precedes [-
LaNi;H, hydride. The system requires an activation stage which involves

decrepitation into small particles.
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