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Spin reorientation transitions in (\N¥.).(FgCo.)14B diluted

systems are decribed based on free energy calonkfior the model
of two coupled sublattices ( rare earth metals attlide and 3d metals
sublattice). Spin reorientation temperatures arelcakated, the
temperature dependence of the tilting angle ( betwe-axis and
magnetization vector) is determined and spin phdisgrams are
established. The obtained theoretical values amgared with the
existing experimental data, showing a good agreem€&he used
method is very useful in constructing the magrgtigse diagrams for
the diluted ternary and quaternary systems.

I ntroduction.

The RB(Fe,Co),B systems (R = rare earth) exhibit many interespirgperties which are
important both for fundamental and for applied aesh. After extensive studies of these
systems, the large amount of measured data hasabeamulated [1-3]. However, the
description of the complex spin reorientation phmana — which appear in these
compounds very often - is still far from being quete. Only non-diluted, parent
compounds have been treated using CEF calculaiothsemi-phenomenological
approach [4-6].

The high magnetocrystalline anisotropy of fieand 3d- metal sublattices and their
different behaviour with temperature are the reagonthe two types of spin reorientation
transitions observed in 2:14:1 compounds: (1)redor planar)-to-axis transition at low
temperature, dr;, and (2) an axis-to-plane transition at high terapure, Fr,. During
these transitions the tilting angf®, between c-crystallographic axis and the directibn
the magnetization vector is changing. For thelati@ngement of spins (along c-axis) this
angle equals zero, for planar arrangement (spibasal plane) the angle is’6or conical
arrangement ®@<9c.

Based on free energy calculations and usiagrtbdel of the two coupled sublattices
[4,5] we made an attempt to extend this methoddoemomplicated (ternary and
quaternary) systems and to describe one aspeue apin reorientation phenomena in
diluted (NQY 1.)2(FgCo..y)14B Ssystem , namely the temperature dependence ¢iftthg
angle and the spin reorientation temperature degrer@don composition. The values



obtained from the calculations were used to coosthe spin phase diagrams, which were
confronted with the available experimental data.

Model description.

We used a simplified model [4,5] in which thagnetic atoms are separated into two
coupled sublattices (R- rare earth sublattice3thdmetal sublattice). Each sublattice is
treated in a different way.

(1) The magnetic interaction between rare-earth at&vR {nteraction) is
neglected against the 3d-3d and R-3d interactibnis. assumption enables to treat the rare-
earth sublattice as an assembly of isolated attirasnagnetic free energy of which can be
easily calculated from the energy levels correspantb a particular set of crystal electric
field (CEF) parameters. These parameters can lagnelitfrom neutron spectroscopy. If an
external field, B, is present a Zeeman term shbaelddded.
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where B"(i) are the crystal field parameters of the rargkeatom at site i, @' are Steven
operators, J is the angular momentum ayid the Landé factor.

(2) The previous assumption is inapplicable to theBudadtice. In this case,
instead of tackling the difficult approach of enelmnds, this sublattice is introduced in a
phenomenological way: the magnetic anisotropy gnrtransferred from the anisotropy
constant K of a similar compound with a non magnetic rargkear the yttrium compound
with a convenient temperature scaling to have tinéeGemperature of the studied
magnetic rare-earth compound at the right posifltnis anisotropy energy is not a free
energy, but it is expected that the entropy termegligible. An external field will
contribute to the energy with a tervl«B, and in this case we also need the magnetization
of the 3d sublattice, which is obtained from thigiyin compound with a convenient
scaling [7].
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(3) The two magnetic sublattices are coupled with @o@ated exchange energy
of the molecular magnetic field,., of the magnetization of the 3d-sublatticesgMicting
on the magnetization of the rare-earth sublattice:

BmoI = nRFeM Fe (5)



studied compound from the Curie temperature wighsdime assumption of negligible R-R
interaction [4]. The molecular field is relatedtb@ exchange fields,.B between magnetic
moments For this part of the energy we need thenetamation of the 3d sublattice, which
is obtained from the yttrium compound, and the ¢iogpconstant, g This can be
deduced for the as

Bmol = ZM Bex = yBex (6)
9;

The hamiltonian is
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where the temperature dependence QidBassumed to be that of the magnetization

Bex(T) = Bex(o) ’\l\/ll((-l(-)‘)) (8)

Finally, the total free energy is

F(T)=Z4:{—kBT|n Z(D}+28K1(T)sin219—2M H )

where the partition function Z(i) contains the ednitions from (1), (2) and (7) four
different sites for CEF calculations and the nugariactors appear becausgi& used in
units per 3d atom, while M is used in units penfata unit.

In the calculation the free energy functiar s pointed out above an approximate free
energy function) is minimized with respect@with a given set of CEF parameters,
magnetization and anisotropy constant of the ytiraompound and the coupling constant
of the studied compound. This has been done imwsaiinstances forJRe 4B with good
results,that is, the input data obtained from independgpeements produce
magnetization curves (temperature and field depsre)eand spin reorientation
temperatures correctly.

We have applied the above procedure to subistitcompounds where one of the rare-
earth atoms is yttrium; (Nd,¥(Fe,Co),B. Here we have to deal with various problems:

(1) CEF parameters are only available for non-substitebmpounds and therefore
a procedure to estimate them for a particular guitish is needed. Both the (Nd,Y) and
(Fe,Co) substitutions can affect the values ofGE& parameters. We will treat these
substitutions in a different way. Since the R-Rerattion is negligible, we will consider the
contribution of each type of rare-earth separafelyhis particular case this is more simple
since Y is non magnetic); for each rare-earth te&-@ifferent site (four in the JRe;,B
structure) the partition function and free energy @mputed and a concentration averaged
is calculated. The effect of the (Fe,Co) substiuis introduced on the CEF parameters:



for each rare-earth a Co concentration averagaldsiated form the CEF parameters of
R,Fe B and RCo.,B.

(2) The magnetic anisotropy of the (Fe,Co) substitgtibave to be introduced both
with the concentration and the temperature depereddrhis is done from data on
Y ,(Fe,Co),B compounds. Since the available data correspoaddw given temperatures
(usually room, liquid nitrogen and liquid heliumye have fitted the available data [7-11]
with polynomials.

(3) Also the concentration and temperature dependeitte anagnetization of the
yttrium compounds XFe,Co),B is required for the exchange energy term andhier
external field contribution to the free energylie 8d sublattice. The same procedure was
applied with available data in the literature [14}

(4) Concerning the coupling constant, what is actualtyuired is B(0). For
substitution NgY,_,Fe 4B, this value is constant within 1% for x=2 to x24&nd then
decreases [15]. Values for M B and NdCo,B can be found in [3,6,16]

Calculation results.
The formative tests of the program were penta on the NgFe,B and NdCo.4,B

compounds. The Fe-based compound exhibits onlyransition (cone-to-axis), at the
temperature dr; = 136 K (Fig.1.). The temperature dependenceeafitting angled,

iz R T
B D Guona (12:34) [ ]
w8, Hlncsawa (1535

10 4

i &0 100 150 200
Temperature [K]

Fig.1 The temperature dependence of the tiltirgieafor NgFe; ;B

generated from the calculations , was compared théhiterature data [7,18]. This test
showed a good agreement between the calculateexpedimental data.



The NdCo,4B compound exhibits two transitions (at low tempera , Tsg;, cOne to axis

transition and at high temperatureg3d an axis to plane transition ). The results of thist
are shown in Fig.2. Two reorientations are repreduo the temperature regions 30-60 K

(cone to axis) and 425-440 K (axis to plane), indyjagreement with the experimentally

obtained data [ 1].
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Fig.2 The teperature dependence of the tiltingeafgl Nd.Co,4B obtained from
calculations.

After the above tests, the substitution ohYplace of Nd was studied . It was obvious
that Y addition into R— sublattice should decrghsetemperature region of axial

arrangement. This is indeed clearly shown in Rgand 4. For Y concentration larger than
0.64 , the axial arrangement vanishes completeingiway to conical arrangement only.

Finally the tilting angle reaches Bfr Y,Co.B and only the planar arrangement is shown ,

as experimentally observed for this compound .
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Figs. 3 and 4. The calculated temperature depereeaf the tilting angle

for (Nd,Y 1,)-.C014B system.
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When Fe is introduced into Meb, 4B, the Tsr;increases rapidly ( Fig. 5) and for Fe
concentration y> 0.408 the planar arrangemenpgisars. This is illustrated better on the
temperature vs composition phase diagram (Figl&.available experimental points [19]
( black dots ) follow the calculated line quite semably, especially for the low temperature

transition.
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Fig.5.The calculated temperature dependenciesediltimg angle for Ne(Fg,Co;.,)14B
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Fig.6. The calculated (solid line) and experime(fial circles) [19] spin phase diagram for

Nd,(Fe,Co,.y)14B system.
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We also constructed the combined phase dizgia T vs X (Nd - composition) plane
for different y (Fe - composition) values . These shown in Fig.7. The available
experimental points [8,20,21] (indicated by blagknbols) confirm that the calculated
curves reflect the trend quite well.

From the above results we conclude that tkd nsethod of calculations (although
simplified and based on approximations) is indalele to describe the macroscopic
anisotropy behaviour for the diluted ternary andtgtnary (Nd,YXFe,Co),B systems.
The calculations proved to be useful in constryctire magnetic phase diagrams.
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