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Critical Behavior near the Ferromagnetic to Paramagnetic
Phase Transition in Y8Co62B30 Amorphous Alloy
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The Y8Co62B30 amorphous alloy is a collinear ferromagnet. The Arrott plot, the Kouvel–Fisher method,
critical isotherm analysis and magnetic field dependence of maximum magnetic entropy changes were the main
analytical tools used to determine the nature of the ferromagnetic/paramagnetic phase transition. Values of critical
exponents (β, γ, and δ) were calculated and were convergent with those characteristic for mean-field model. It
suggests that long range ferromagnetic interactions are playing main role in investigated alloy and the phase
transition was confirmed to be of a second order according to the Banerjee criterion.
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1. Introduction

It has been shown that addition of metalloid is cru-
cial for improvement of glass forming ability and ther-
mal stability of amorphous phase for transition metal
based systems [1]. Boron plays significant role as it ob-
structs the crystallization process and Co–B or RE–Co–
B (RE = rare earth element) amorphous alloys can be
obtained in wide composition range [2, 3]. Further de-
velopment of the rare earth–transition metal multicom-
ponent amorphous alloys is important for understanding
of their magnetic behavior and from the point of view
of possible applications, for instance magnetic refrigera-
tion [4]. The magnetic properties are mainly predefined
by the existence of localized 4f moments of lanthanide
atoms and 3d moments of transition metal. The Y–Co–
B alloys are typical collinear ferromagnets as shown be-
fore [2]. Investigations on the RE8Co62B30 amorphous
alloys (RE = Tb, Ho or Y) have shown the influence of
heavy rare earth substitution on the changes of magnetic
and magnetocaloric properties [2], but determination of
the character of phase transformation at around the
Curie temperature TC is another important aspect [5].
Type of the transition is believed to be of the second or-
der [2]. In this study we investigate the critical phenom-
ena in Y8Co62B30 (the representative with non-magnetic
rare earth component) basing on different approaches in-
cluding the Arrott plot, the Kouvel–Fisher method and
the critical isotherm analysis. Calculations provide infor-
mation on the Curie temperature, the β, γ, and δ critical
exponents, which finally can enrich our knowledge on the
nature and physics underlying this phase transformation.

2. Experimental

Master alloy of Y8Co62B30 was synthesized by arc-
melting of high purity elements (3N or more) in argon
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atmosphere. Ingot was melt-spun on a copper wheel ro-
tated with the surface velocity of 40 m/s and obtained
ribbons were 20−30 µm thick. The structure of the rib-
bons was examined with the use of X-ray diffractome-
ter with Co Kα radiation in the Bragg–Brentano geome-
try. The magnetic field dependence of magnetization was
measured by SQUID magnetometer.

3. Results and discussion

Fully amorphous structure has been confirmed in our
previous paper basing on X-ray diffraction measure-
ments [2]. Scaling hypothesis was used for calculations
utilizingM(H) curves as the input data. The critical be-
havior of a second-order transition can be characterized
by a set of critical exponents [6, 7]. Exponent β is con-
nected with the spontaneous magnetization Msp, γ with
the inverse initial magnetic susceptibility χ−1

0 and finally
δ with the critical magnetization isotherm at the Curie
temperature. They are defined as follows [8, 9]:

Msp(T ) = M0(−ε)β, for ε < 0, (1)

χ−1
0 (T ) = (h0/M0)εγ , for ε > 0, (2)

M = DH1/δ, for ε = 0, (3)
where ε equal to (T − TC)/TC is the reduced tempera-
ture, M0, h0 and D are critical amplitudes, M is mag-
netization and H is applied magnetic field. Additionally,
Widom scaling relation [10] links all critical exponents:

δ = 1 + γ/β. (4)
Figure 1 shows the isothermal magnetization curves of
Y8Co62B30 measured in the temperature range from 170
to 260 K, presented in the form of the Arrott plot. Red
and blue curves represent the ferromagnetic and para-
magnetic regions, respectively, with black curve corre-
sponding to critical region. Each isotherm is close to be
linear in moderate and high magnetic fields and therefore
mean field (MF) model was assumed to be applicable for
further analysis and modifications of the Arrott plot were
not considered. The phase transition was confirmed to be
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of a second order according to the Banerjee criterion [11],
where the positive sign of theM2(H/M) slope was found
for each isotherm.

Fig. 1. Arrott plot for Y8Co62B30 amorphous alloy
from magnetization isotherms measured with interval of
5 K. Dashed line is the guide for eye only and represents
the extrapolation of critical isotherm in high magnetic
field.

The spontaneous magnetization Msp and the inverse
initial susceptibility χ−1

0 were determined from the inter-
sections of the linear extrapolation of high field regions of
isotherms with theM2 and H/M axes, respectively. Ob-
tained temperature dependences ofMsp and χ−1

0 are pre-
sented in Fig. 2. Experimental points (open circles) were
fitted with polynomial (red line) and linear (blue line)
functions for spontaneous magnetization and inverse ini-
tial magnetic susceptibility, respectively. Value of TC was
estimated from intersection of extrapolated curves with
temperature axis. Values determined from paramagnetic
and ferromagnetic regions are similar to each other and
equal to 239.0 ± 0.5 K and 242.8 ± 0.5 K, respectively.

Fig. 2. Temperature dependence of the spontaneous
magnetization Msp (left axis) and the inverse initial
magnetic susceptibility χ−1

0 (right axis) for Y8Co62B30

amorphous alloy.

The Kouvel–Fisher method [9] was used to determine
critical exponents with high accuracy. It expresses de-
pendences presented in Eqs. (1) and (2) in the following

form:
Msp(T )/(dMsp(T )/dT ) = (T − TC)/β, (5)

χ−1
0 (T )/(dχ−1

0 (T )/dT ) = (T − TC)/γ. (6)
According to Eqs. (5) and (6), values of 1/β and 1/γ can
be determined from the slopes of the linear fits to the
temperature dependences ofMsp(T )/(dMsp(T )/dT ) and
χ−1
0 (T )/(dχ−1

0 (T )/dT ), respectively, as shown in Fig. 3.
The Curie temperatures were obtained from intersections
of fitted curves with the temperature axis.

Fig. 3. Kouvel–Fisher plots (spontaneous magnetiza-
tion Msp — left axis and the inverse initial magnetic
susceptibility χ−1

0 — right axis) for Y8Co62B30 amor-
phous alloy.

The Curie temperatures determined from
Msp(T )/(dMsp(T )/dT ) and χ−1

0 (T )/(dχ−1
0 (T )/dT ) de-

pendences are equal to 239.0 ± 0.5 K and 241.5 ± 0.5 K,
respectively and coincide very well with TC values
obtained from temperature dependences of Msp and
χ−1
0 (Fig. 2). Critical exponent β, which describes the

growth of ordered moment below TC, was determined
to be equal to 0.54 ± 0.02, while γ, which expresses the
divergence of the magnetic susceptibility at TC, is equal
to 0.98 ± 0.02. Both exponents are close to mean-field
model values (β = 0.5 and γ = 1). Critical exponent
δ = 2.81 ± 0.1 determined using the Widom scaling
relation (Eq. (4)) is also convergent with MF model
(δ = 3). This quantity is strictly connected with the
curvature of M(H) isotherm at the Curie temperature.

Divergence of the Curie temperature values determined
with the use of M(T ) curves [2] with these obtained
on the basis of the Arrott and Kouvel–Fisher plots can
be associated with many different aspects. At most, a
structural disorder can cause the shift and spread of TC
measured in different applied magnetic fields [12]. More-
over, application of modified Arrott plot [9], to obtain
isotherms which are linear in broader H range, would be
helpful even assuming that the critical exponents indicate
mean field model as the valid one.

Assuming determined Curie temperature for further
considerations, the M(H) isotherm at 240 K was se-
lected for calculations of δ exponent on the basis of crit-
ical isotherm analysis (Eq. (3)). Critical isotherm mea-
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sured for Y8Co62B30 amorphous alloy is plotted in Fig. 4
with lnM vs. lnH plot in the inset. Slope of the lin-
ear fit of the high field region of the lnM (lnH) plot
gives 1/δ. Small non-collinearity of isotherm causes de-
viation of δ, which is equal to 2.60± 0.01, in comparison
to the value determined on the basis of the Widom rela-
tion. Critical exponent would converge to MF value for
the magnetic fields higher than considered fitting region
(H > 15 kOe). Nevertheless, the convergence is still high
enough to count Y8Co62B30 among MF model materials.

Fig. 4. Magnetization isotherm of Y8Co62B30 amor-
phous alloy measured at critical temperature equal to
240 K. Plot of lnM vs. lnH is shown in the inset with
δ = 2.60 ± 0.01 value obtained by the linear fit (solid
red line) according to Eq. (3) for the high magnetic field
region (H > 15 kOe).

Fig. 5. Magnetic field dependence of maximum mag-
netic entropy change. Red line is the linear fit to exper-
imental points.

The field dependence of the magnetic entropy change
is shown in Fig. 5 and follows a power law with expo-
nent equal to 2/3, characteristic for mean-field approach
in the range of moderate applied magnetic fields, as an-
other evidence for validity of MF model in the investi-
gated alloy [13]. Values of (−∆S)max were determined
on the basis of ∆Sm(T ) curves shown before in Ref. [2].

All the results from utilized methods and the values of
determined critical exponents are in good agreement with

those of the MF model. It suggests that long-range fer-
romagnetic interactions are dominant in the alloy. Any
observed discrepancies in obtained results are likely con-
nected with non-linearity of isotherms. This is rather
common that the scaling laws are not functioning prop-
erly below TC and in low magnetic fields, especially. Mag-
netic inhomogeneities, which in case of amorphous struc-
ture are rather expected, play a significant role along
with the influence of demagnetization factor. Its mean-
ingful effect can be observed for instance in the Arrott
plot, where the isotherms are decreasing asymptotically
converging to non-zero H/M values.

4. Conclusions

The magnetic transition observed in the Y8Co62B30 al-
loy is of a second order type. Investigated system fulfils
the criteria of mean field model. Accordingly, long range
ferromagnetic interactions are representative feature of
this amorphous alloy. These results were confirmed by
the Arrott plot analysis, the Kouvel–Fisher method and
the critical isotherm analysis, along with the Widom scal-
ing relation and magnetic field dependence of maximum
magnetic entropy changes.
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