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ABSTRACT

The magnetic properties of amorphous alloys (Nil-ccoc)o. 78P0.- 14B0' 08

have been investigated. The samples were prepared by the splat-cooling

method. The Curie temperatures have been determined and the mag-

netization measurements performed for 1.7°K < T < 270°K and fields up
!

to kOe. NiO.7'8P0. 14B0.08 is paramagnetic, whereas C°0.78P0. 14B0. 08
is ferromagnetic until the crystallization temperature (678°K). The
average moment per cobalt atom is Al. ].Sp,B. In (Ni Co )0 78 0. 14 0.08
the critical concentration for the paramagnetic-ferromagnetic transition

is ¢ = 0.15, this transition occurs in an .inhomogeneous way. The
saturation magnetization in the whole concentration range can be interpreted
(as for some crystallized alloys and compounds) by a local environment
model, when a reasonable short range order is assumed. In such a

model the magnetic moment per cobalt atom is related merely to the
number of its Co first neighbors N For n. = 0 and 1 the cobalt

atom is not magnetic, for n = 2 and 3 it carries a small moment

Co

Co ~ 3 it is magnetic with b = 1.15 pg asin

COO.78P0. 14B0.08; the nickel atoms do not carry a substantial moment

in the entire concentration range. These features are comparable to

By = 0.50p,B and for n

those obtained in some crystalline alloys,




INTRODUCTION

In recent years a number of studies on amorphous alloys of transition
metals (Mn, Fe, Co, Ni) have been performed and show a large variety
of magnetic béhaviours. For instance Mn-P-Cl is antiferromagnetic,
Ni-P-B alloys are non magnetic although a behaviour characteristic of
the existence of magnetic impurities is observed4; hitherto few studies
on cobalt amorphous alloys have been performed. > Many studies have
shown that the structure of amorphous alloys is characterized by the
absence of long range order, but in most cases there is a well established
short range order. In alloys containing transition elements of the first
long period (Cr, Mn, Fe, Co and Ni) it ils possible to substitute one of
these elements by another. Amorphous alloys can therefore be obtained
with a wide range of continuously varying magnetic properties

In this paper we study the magnetic properties of
o £ ¢ < 1) amorphous alloys obtained by

(N Coc)

1-c“%o.78%0. 1450. 08
"splat cooling'. The Curie temperatures have been determined and the
magnetizations were measured in a wide range of magnetic fields and
4
1 3 1 1iclt
temperatures. N178P14B8 is '"paramagnetic'® whereas

Co is ferromagnetic; a para-ferro transition occurs at

0.78%0.14%0. 08
a cobalt critical concentration Cor of = 0.15 at.%. We show that the
saturation magnetization can be interepreted by a local environment

model (LEM). For concentrations near Cor the characteristics of the

magnetization below and above the Curie temperature are determined

and discussed.




EXPERIMENTAL RESULTS

Foils of (Ni Co ) were obtained by rapid quénching

c'0.78 0 14 0.08
from the liquid state using the ''piston and anvil technique''. Full details
of the alloys preparation can be found in ref. 7. The concentrations given
in this paper are nominal. The X-ray diffraction spectrum of each foil
was checked with a Norelco diffractometer, The Curie temperatures were
determined by an induction method using an ac bridge; the heating rate
above room temperature was about 5°K /min; the magnetic measure-
ments were performed by the Far.aday method using an Oxford

Instrument magnetometer deécribed in ref. 8; the magnetic field was
varying up to 70 kOe and the temperature between 1. 70°K and 270°K.
When necessary the variation of the magnetization at low fields

(H < 0.5 kOe) was measured in detail, in order to determine the real

initial susceptibility.

Curie Temperatures

For cobalt concentrations ¢ below 0. 15 no Curie transition was
observed; for higher cobalt concentrations a transition occurs at a
temperature T which increases rapidly with c¢. This temperature
was determined as the temperature at which the permeability drop
presents an inflexion point; TC curve versus c exhibits roughly an S

shape(F¥ig. 1), and is linear with a slope‘of about 11,5%°K/at.% Co for

0.30 £ ¢ < 0.70. The width AT of the Curie transition is rather
large for ¢ < 30 (ATC o ZOOK) and decreases when the cobalt con-

centration is increased; AT = 7OK for ¢ = 0,70. Such a width variation
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suggests that large magnetic inhomogeneities occur at low cobalt con-
ceﬁtration; this will be discussed in the next section.

For high cobalt concentrations (c > 0 90) the permeability drop is
not reversible, suggesting the occurrence of a crystalline transformation,
Since crystallization of an amorphous alloy is accompanied by a rela-
tively high heat release, this explanation was tentatively confirmed by
observing a heat release at a temperature close to that of the permeability
drop. The release was observed by the method described in ref, 9 with a
rate of heating of about 3000K/min. To study the exact nature of this
crystallization requires additional measurements such as electrical

resistivity, X-ray diffraction and specific heat.

Magnetization Properties

The amorphous alloys (Nil-ccoc)0.78P0. 14B0.08 for ¢ £ 0,30 were
measured in fields up to 70 kOe and between 1.7°K and 270°K, for higher
cobalt concentrations the saturation magnetization Mo was determined
at 4, 2°K. Without cobalt, the saturatioﬂ magnetization is quite small
(0.7 emu/g); the curve Mo versus c deviates from linearity for |

c £ 0,20 and ¢ = 0.70. For Co the average magnetic

0.78%0.14P0. 08

moment per. cobalt atom is 1,15 bRy The magnetization M(H, T) for

c < 0,30 varies considerably with H and T in the investigated range;
we observed the existence of a small contribution which has to be
related to a precipitate of Ni, Co or Co-P-B., Such an interpretation
is mainly justified by the same way as previously reported4; this con-
tribution was subtracted from the experimental data. This subtraction
is necessary in order to obtain the c§rrect magnetization of the amor-

phous alloy, particulary in the determination of the initial susceptibilities,



For 0.15 < ¢ £ 0.30, a remanent magnetization appears below Tc'
DISCUSSION

The MZ(H, T) curves versus H/M(H, T) (Arrott plots) for all the
investigated samples, present large deviations from linearity; this
shows that the para-ferro transition occurs in an inhomogeneous way as

0 lFe-Vlz,

in many crystalline alloys and compounds (Ni-Cu, Ni-Rh1 , Ni-V1
CoGa.13 Gd(Co-Ni)214. In the present case the saturation magnetization
results can be explained by a local environment model LEM where it is
assumed that: i) the interaction of the atoms occurs between near
neighbors; ii) the electronic state on a given atom depends on the nature

of its neighbors. Previous structural studies on transition amorphous |

’ a.lloy's6 show that the short range order of the crystalline counterpart

is essentially preserved. In the Ni-Co-P-B alloys it is reasonable to
assume a short range order of Ni3P or Ni3B type; so a transition atom
should have 2 or 3 metalloid atoms and 12 transition atoms as near
neighbors. By assuming 11 or 13 instead of 12 neighbors the conclusions

of the LEM are not significantly changed although the agreement with the
~experimental data is not as good. The nickel and cobalt atoms are supposed
to be randomly distributed on the transition sites. The experimental data
can be roughly explained by a very simple LEM where the cobalt atom
carries a magnetic moment of 1.15 185 (as in COO.78PO. 14B0.08) when
surrounded by 3 or more Co atoms, otherwise it .is nof magnetic; the

nickel atoms do not carry any noticeable moment. However some

discrepancies with the experimental data are observed for

0.15 £ ¢ S 0.40.



A good agreement with the saturation magnetization resulfs over
the entire concentration range is obtained (Fig.2), when it is assumed
that the magnetic state of a cobalt atom depends on the number ne o of
its cobalt near neighbors, as follows: for n~_ = 0 or 1 it is non magnetic,

for n, = 2or3 1# carries a small moment p, = 0.50 up and for

n- > 3 it carries its full moment p, = 1. 15 wgp+ The examination of
M0 for ¢ Z 0.80 suggests that a nickel atom with 11 or 12 cobalt near

neighbors may have a small moment of about 0.4 p,B;.but the contribution
of such atoms is too small, compared to those of the cobalt atoms, to be
experimentally accurately detérrnined.

The previous results can be compared to those obtained for crystalline
alloys and compounds. For instance, the cobalt atom is magnetic when
surrounded by 3 or more cobalt atoms in CuCol6 and Gd(Co-Ni)214;
the nickel atpm in Ni-Cu15, requires 8 or more Ni nearest neighbors
to be rn\agnetié; meanwhile in Ni-Cr, Ni-Mo and Ni-V13 alloys the nickel
atom even surrounded by 12 Ni nearest neighbors is not magnetic. In
the present case the low values of the cobalt moment and the absence of a
significant Ni moment can be related to the strong perturbation introduced
by the metalloid atoms, Finally we point out that, unlike the crystalline
alloys and compounds, a LEM accounts for the observed saturation
magnetization over the entire concentration range. This suggests that
the main éssumption of the LEM is fulfilled i.e. the atom interactions
occur essentially between near neighbors.

The experimental results show that for ¢ < 10, the initial susceptibility
X, can be separated into a témperature independant contribution X’ =2.0emu/g
attributed to the non-magnetic atoms, and a magnetic impurities con-

tribution which is varying according to a Curie-Weiss law. For ¢ > 10

the magnetic contribution becomes larger when ¢ increases, so no X’
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Saturation magnetization versus cobalt concentration at low
temperature for (Nll-ccoc)o. 78P0. 14P0. 08 alloy. The
circles represent the experimental results, the solid line

is the magnetization calculated by the LEM.,



is detected. The inverse susceptibility versus T is linear in a tem-
perature range which is narrower with increasing cobalt concentration;
for instance, at ¢ = 0. 30, (xo)-l is linear between 220°K and 270°K.

The paramagnetic Curie temperatures 6 are significantly higher than

‘the corresponding T

In addition, for a given amorphous alloy which has a well defined
Tc the remanent magnetization and M(H, T) at low fields decrease slowly
with T, then rapidly near TC; this decrease becomes smoother at higher
field (Fig. 3). The saturation magnetization and the magnetization at
high fields (H > 20 kOe) decrease linearly with T, The previous
susceptibility and magnetization features of (Nil_CCoC)O. 78PO. 14B0. 08
near the critical concentration, suggest that an important ferromagnetic
coupling occurs at TC; but this coupling does not involve all the magnetic
atoms. Such a process probably occurs in a wide temperature range.
As a result, below TC some magnetic moments are not included in the
ferromagnetic order and above Tc the alloy is characterized by the
existence of large magnetic clusters. A further analysis and NMR
measurements have to be performed in order to provide quantitative

details on this ferromagnetic transition.
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