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MAGNETIC MOMENTS AND INTERNAL FIELDS

KAMBERSKY, V.2) KALVA, Z.2) ZAVETA, K..%) Praha

The assumptions and results of a previously reported analysis of M(H, T) depen-
dence in as-quenched amorphous FegNiy,P\oB,, performed in terms of a model includ-
ing self-consistent random-direction effective fields acting on mcwaawqwammlo:o
clusters (in a paramagnetic matrix) are discussed from various aspects. Evidence is
inferred for chemical inhomogeneity of the samples and for large 3d density of states
(discussed in context of weak magnetism in Ni-rich glasses).

I. INTRODUCTION

Mean spontaneous magnetic moments /I per transition metal (TM) atom m‘_.n,.,,

usually determined from M(H, T) measurements extrapolated to (H, T) = 0. This

is facilitated by the linearity of the M? vs H/M curves (Arrott—Belov—Kouvel
or ABK plots) in many (uniform) ferromagnets. Slight deviations from linearity

of the ABK plots were taken into account in quadratic extrapolation in Kaul’s
[1] careful systematic analysis of j in the (Fe,Ni, _ )y (Me),, metallic glasses,
with Me representing mixtures of B and P. The results of this analysis (regarding
also previous extended studies; cf. {1] for references) were summarized in

empirical rules which approximately determine the individual spontaneous,

moments on Fe and Ni atoms as

i

\M—nn\tu :w..n + OWA— - .Xv

Anilitg = n; +0.2x,

where n?, and nY; only weakly depend on the kind of metalloid. In crystalling ¥

Fe Ni, _ ., where (1) is supported by neutronographic evidence, n?, = 2.2 and
n%, = 0.6; qualitatively, the first rule indicates that dilute Fe in Ni forms local
moments of 3y, which decrease by Fe—Fe interactions, while the second rule
indicates that Ni moments are enhanced by Ni—Fe interactions; both rules are
intuitively plausible in view of the disproportion in the net numbers of 3d holes
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in both atomic and metallic Fe and Ni. The presence of Me in metallic glasses
slightly diminishes n%,, to 2.0 for Me = B and 1.85 for Me = P [1]; in contrast
10 crystalline Ni, nY; is zero for Me =P [1] and very close to zero even for
Me = B (n%; = 0.006 was found in Nig ¢ Bz 2D.

The determination (and even concept) of spontaneous magnetic moments
appears to be non-trivial in low-Fe systems where uniform ferromagnetism
mSa:m:w changes to partial ordering of finite clusters and, eventually, to
nmSBmmsammB. Extrapolation of M(H,T) to (H,T) =0 then substantially
depends on the expected shape of ABK plots, which may be analytically
prescribed or derived from suitable models. Since the two-component model of
clusters interacting with a weakly magnetic matrix [3] many more or less refined
models were compared with experimental results in literature. The purpose of
the present paper is to comment on the assumptions employed and results
obtained for a simple but apparently versatile model proposed in our recent

report [4].
II. COMMENT ON THE RANDOM-DIRECTION MOLECULAR-FIELD MODEL

The model used for fitting [4] of ABK plots in FegNi,,P,oB,, obtained by
Kadlecova et al. [S] assumes a Pauli paramagnetic (or weakly ferromagne-
tic) matrix interacting by a Weiss mean field with the average magnetization of
a set of superparamagnetic (presumably, Fe-rich) clusters; the clusters are
supposed to see, in addition to the mean field of the matrix, local effective fields
of magnitude proportional to the average absolute value of the static (expecta-
tion) cluster moment, but pointing into random directions.

The results simulate spin-glass behaviour when the Weiss field is neglected [6]
or, more generally, asperomagnetic ordering with a single second-order phase
transition and either zero or nonzero spontaneous magnetization in the.ordered
phase, depending on the relative amplitudes of the random and the Weiss fields
[4] (the magnetization resembles that of re-entrant systems [7] which, however,
are supposed to exhibit two phase transitions [8]).

The point to be discussed in this paragraph is the origin of the random-direc-
tion effective fields in context of the results obtained for their maximum mag-
nitude from the fitting [4]. This magnitude (H, 2.7 T) was tentatively compared
with the effective field of local anisotropy, Hyg, acting on relatively large Fe-rich
clusters: from Neel’s theory of pair ordering [9] and simple statistics, the latter
may be expected to attain the same order of magnitude (=3 T).

In the formulation of the model [6, 4], Hjs i1s an effective interaction (ex-
change) field, while local anisotropy is only implicitly assumed to affect the
original stages of the “freezing” of the cluster moments in directions substan-
tially different from that of the external (and the Weiss) field. It has been
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checked separately [6] that random anisotropy alone, as an axial perturbatioy
with two energy minima in opposite directions, does not essentially affect the
ordering process (since even strong anisotropy only confines Heisenberg sping

.

to an Ising subspace; cf. also 10, 11]). i
The random field in the model might, perhaps, alternatively represent direct
but non-ergodic effects of local anisotropy envisaged in the original Néel theory *

of rock magnetism [10], in which only one (the nearest) energy minimum of the

two is explicitly considered while the other (more distant) is neglected a5°
unattainable (in realistic times). In such interpretation we find, however, no-
off-hand argument for selfconsistency in the ordering parameter representirig
the absolute value of the frozen moment, which is essential in the model. In the

Neéel theory non-ergodicity steps in at temperatures determined externally, by

the Arrhenius relations for activated processes. For further investigation of -
possible anisotropy effects (and of the coincidence between H; and Hy,) it may -

be useful to combine Néel’s kinetic theory with the spherical easy-direction
distributions used in the discussed models [6, 4, 10] (but not in the Néel theory
and its extensions [12]). :

II. COMMENTS ON THE MEAN ATOMIC MOMENTS

From the fitting for FegNi,,P,(B,, {4] we have determined the average spon-
taneous moment of the clusters (besides the matrix) as 0.325 p,/atTM, i.e.;
3.25 ug/atFe if all Fe were in the clusters. Since this is more than expected for
Fe from previous evidence, some moment in the cluster phase must be carried

by Ni. Assuming that the moment is Fe-induced according to the empirical

relations (1), we get from them x, = 0.12/y for the Fe concentration x, in the

cluster phase if y < 1 is the (unknown}) concentration of this phase in the sample.
This is well compatible with the implicit assumption of chemical inhomogeneity

(x,>x=0.1).
The fitting was inconclusive in the parameter determining the spontaneous

ferromagnetic moment of the matrix alone [4], apart from that induced by the .
" Weiss field of the clusters. The latter, however, corresponds to the matrix
susceptibility y, = p3Z,,, with Z,, = 15eV~'/atNi representing the exchan-
ge-enhanced (effective) density of states, quite considerably higher than the.
actual density of states Z(0) = 3.5 eV~!/as expected for crystalline Ni. The only.
inference to be made from this finding (resulting, qualitatively, from a very large.
high-field susceptibility at all temperatures [5]) is some evidence against the

interpretation of the lack of ferromagnetism in Ni-rich glasses as a result of the
absence of 3d holes (34 band filling {1)).
While the concept of an electron charge transfer from Me onto TM atoms

(which would render ionic compounds, with TM anions) is strongly contradic-
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ted by the metallic character of the glasses [13] and by calculations of compen-
sating (screening) effects [14], it is still conceivable that the mc::#.: of 3d holes
available in crystalline Ni might be further reduced by alloying with the Ena.m_-
Joid, as a result of mutual shifts of 3s and 4sp levels. However, m:o*.u reduction
(and shift) as seen between atomic and crystalline Ni (as well as Fe) is mo:ﬁ.m.:%
ascribed to delocalization; hence it is hard to see that alloying with ro. Bwa.w:oa.
adding 2(3)sp channels to 4sp but not 3d itinerancy, mro:._a further QE.:Emr the
3d energy (relative to 4sp). On the other hand, it is very likely a._...mﬁ the Eoﬂmmna
proportion of 3d-sp-3d hybridisation (compared to the u&.u.& itinerancy) in the
glasses just suppresses the Hubbard type correlation (energetically ::@wo:_.mc_m
for the broad-band sp contribution), which is sufficient for the .:msm_sou from
strong ferromagnetism in crystalline Ni to weak ferromagnetism [2] or even
paramagnetism in Ni—Me glasses. Computations .m:m_wmocm to those recently
reported for Fe—B glasses [15] might elucidate this point.
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MAFHUTHBIE MOMEHTBI ¥ BHYTPEHHUE MOMEHTBI B Fe;Niy,Pi B

B pa6ore ¢ pa3sHbIX TOYEK 3pCHHs 0GCyXkAAIOTCA TIPCANOIOKCHAS H pe3yJbTaThl HEAABHO
ony6nukosannoro anamusa M(H, T) sasucumocCTH B amopgubix Fe;Nip P, B, cinapax. AHanu3
6bUT npoBeieH B TEPMHHAX MOZEIH, BKJIIOUatoLIell caMocornacyroumecs HpPeKTHBHBIE :owi co
cysaiiHoil opuenTalueil, ICHCTBYIOUINE HA CYNEPMArHUTHLIC CKOTUICHHS (s napamarHUTHOH Ma-
Tpune). Jaub Q0Ka3aTeabCTBa XUMHHECKOH HEOJHOPOTHOCTH B 006pasuax M and GomnbioH id

MIOTHOCTH COCTOSHHIA.
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