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Crystallisation of Amorphous Y50Cu42Al8 Alloy
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Amorphous Y50Cu42Al8 ribbon was prepared by melt-spinning technique on the Cu wheel. The crystallisation
process was analysed by differential scanning calorimetry and X-ray diffraction. Differential scanning calorimetry
curves characterising two crystallisation stages of Y50Cu42Al8 alloy were measured in non-isothermal dynamic mode
at different heating rates. Activation energies of both steps of crystallisation process were acquired by the Kissinger
method and are equal to 570± 56 and 290± 29 kJ/mol for the first and second stage, respectively. By annealing
the ribbon at a given temperature for various times the nanocrystalline phase grains of the sizes of about 40 nm
in diameter were created. The influence of the annealing temperature on the grain size evolution was also examined.

PACS numbers: 61.43.Dq, 61.82.Bg, 81.07.Bc, 81.70.Pg

1. Introduction

Alloys of the amorphous/nanocrystalline composite
structure have been a subject of considerable interest for
the last few years mainly because of their unique physical
properties in comparison with those of their fully crys-
talline and amorphous counterparts. Crystallisation of
amorphous alloys caused e.g. by heat treatment leads to
evolution of the nanocrystalline structure that changes its
initial properties. The properties of the nanocrystalline
compounds depend mainly on their structure and phase
attributes like crystalline volume fraction and mean grain
size.

The main aim of the study reported in this paper was
to determine the structure, chemical composition and
nanocrystals growth kinetics in amorphous Y50Cu42Al8
by examination of the crystallisation process. This alloy
belongs to YxCe50−xCu42Al8 series and in our further in-
vestigation it will be used as the non-magnetic analogue
of other Ce-containing samples. We intend to observe the
influence of partial substitution of Y by Ce on the mag-
netic, possibly heavy-fermion properties and structural
changes in the amorphous and nanocrystalline alloys of
different crystalline grain sizes. The unique properties
of Ce such as the variable electronic structure and un-
stable valence states are preconditions of strongly corre-
lated electron phenomena [1] which have been also found
in some amorphous or nanocrystalline Ce-based metallic
alloys [2, 3]. The composition of the alloys to be stud-
ied has been chosen also because of their significant glass
forming ability necessary to prepare fully amorphous rib-
bon [4] for controlled crystallisation by heat treatment.

2. Experimental

The Y50Cu42Al8 ingot has been prepared by arc-
-melting under the protective atmosphere of argon. It has
been subsequently rapidly quenched in a melt-spinning

device on the copper wheel of the surface velocity of
40 m/s. The obtained ribbons were 20 µm thick and
1.2 mm wide. The thermal behaviour of the alloy was
studied by differential scanning calorimetry (DSC) mea-
surements using the Netzsch DSC 404 apparatus at the
heating rates q from 10 to 40 K/min and in the tempera-
ture range T from 50 to 900◦C under a continuous argon
flow at a constant rate. Crystallisation of amorphous al-
loys was induced by isothermal heat treatment for differ-
ent times and temperatures determined from DSC curves.
The crystalline structure of as-quenched and annealed
ribbons was examined by the X-ray diffraction with Co
Kα radiation in the Bragg–Brentano geometry.

3. Results and discussion

The DSC traces of melt-spun Y50Cu42Al8 with q = 10
and 40 K/min are shown in Fig. 1. Two exothermic crys-
tallisation peaks have been observed. The first crystalli-
sation stage has the onset temperatures To1 from 284.1
to 290.0◦C and the peak temperatures Tx1 from 287.0 to
293.0◦C for the heating rates q from 10 to 40 K/min, re-
spectively. The second peak temperatures Tx2 are from
373.8 to 389.5◦C for the same range of heating rates. The
onset temperatures To2 of the second peak have not been
well determined because of broad peak shape.

The glass transition effect has not been observed on
the DSC curves. The temperature Tg characteristic of
this effect may be close to the crystallisation onset tem-
perature in this system or it cannot be observed using the
standard constant-heating DSC scans, as e.g. for some
Al-based metallic glasses [5]. The presence of dispersed
polyamorphous packings with a wide range of local glass
transitions is also possible [6].

The enthalpy ∆H of the two processes corresponding
to the DSC peaks was determined using the software ded-
icated for the Netzsch DSC 404 apparatus. It did not
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change significantly with q and was ∆H = 34.6 for the
first peak and ∆H = 1.3 J/g for the second peak, respec-
tively.

Fig. 1. Heat flow as a function of temperature, exam-
ined at a constant heating rate q of 10 and 40 K/min.

Fig. 2. Kissinger plot for both crystallisation events for
melt-spun Y50Cu42Al8 ribbon (b).

The activation energies of crystallisation Ea of the alloy
studied were calculated using the Kissinger analysis [7]
on the basis of the plots shown in Fig. 2. The Ea values
are Ea = 569 ± 56 kJ/mol for the first peak and Ea =
292± 29 kJ/mol for the second one.

The X-ray diffraction (XRD) method was applied in
order to confirm the amorphous state of the as-quenched
ribbons and to identify the products of the crystallisa-
tion and also to determine its parameters. The XRD
patterns in Fig. 3 show the evolution of the structure
of Y50Cu42Al8 caused by heat treatment at Ta = 270◦C
(close to the crystallisation onset temperature To1) for τ
from 15 to 60 min, and additionally at Ta = 450◦C for
τ = 15 min.

The as-quenched alloy was found to be in the uni-
form amorphous phase with no long-range atomic or-
dering detected by XRD. The annealed ribbons contain
the crystalline phases and the residual amorphous one.
There are two main crystalline constituents growing dur-
ing isothermal annealing at Ta = 270◦C. The first appear-

Fig. 3. XRD patterns of as-quenched and annealed
Y50Cu42Al8 alloys.

ing phase is YCu with the ClCs-type structure (Pm-3m
space group) embedded in an amorphous matrix. The
second one is YCuAl and it forms on annealing at this
temperature for over 30 min and/or by annealing at tem-
peratures above the first crystallisation peak. According
to Shi et al. [8] the lattice constant of the YCu phase
is a = 3.476 Å and the cell volume vc = 41.999 Å3.
The analogous values determined on the basis of XRD
patterns are a = 3.490 Å and vc = 42.509 Å3. The
YCuAl phase is Fe2P-type (P62m space group) and its
lattice parameters are a = 7.022 Å, c = 4.033 Å and
lattice volume vc = 17.220 Å3 [9]. Experimentally deter-
mined values for YCuAl are a = 7.025 Å, c = 3.996 Å,
vc = 17.221 Å3. The diffraction peaks are slightly shifted
by the same angle value in comparison with the diffrac-
tion patterns based on lattice parameters obtained by
Krachan et al. [9]. The change can be caused by the lat-
tice cell distortion because of the influence of amorphous
matrix and coexisting phases with some randomness in
Cu by Al atoms substitution [9].

The sample was also annealed at 450◦C for 15 min
to examine the structural composition of the fully crys-
tallised alloy. After annealing, the main phase was YCu
(over 92%) with a small amount of YCuAl (about 7%)
and Y2O3 oxides (below 1%).

The volume fraction X, defined as X = Acr/(Acr +
Aam) [10], where Acr is the YCu phase (110) peak area
and Aam corresponds to the area of amorphous halo of
the YCu phase was obtained from the X-ray diffraction
patterns shown in Fig. 3. On annealing the alloy at
Ta = 270◦C for different times τ , the volume fraction
of crystalline phase changed from 13.8% for τ = 15 min
to 91.9% for τ = 60 min.

The average grain size D (mean diameter) of the YCu
phase was determined from the main peak (110) of the
XRD patterns according to the Scherrer formula. The
dependences of the mean grain size on the time of an-
nealing τ and on the temperature of annealing Ta are
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shown in Fig. 4. The D value for this alloy annealed
at Ta = 270◦C for different τ decreased slightly with in-
creasing time of annealing and it is of about 40 nm for
τ from 15 to 60 min range (Fig. 4a). The absence of
grain growth process with increasing crystalline volume
fraction means that the crystallisation proceeds mainly
by the formation of new nucleation centres rather than
by the growth of grains.

Fig. 4. Grain size of Y50Cu42Al8 annealed at different
times (a) and temperatures (b).

The grain size was also determined for different an-
nealing temperatures Ta with constant annealing time
τ = 15 min (Fig. 4b). With Ta increasing from 250◦C to
280◦C the mean grain size value decreases with its mini-
mum around Ta = 280◦C and then it increases up to the
complete crystallisation of the sample. This behaviour
has been already observed for different systems (i.e.
Fe–Si–B [11] or Fe–B [12]) and it is caused by varia-
tions in the crystal growth rate and nucleation rate with
annealing temperature. The growth of primary crystals
may be also dependent on their morphology [11, 12].

4. Summary

The crystallisation behaviour of as-quenched, fully
amorphous Y50Cu42Al8 ribbon is governed by two
exothermic reactions. There are two main phases ap-
pearing during annealing of the as-quenched alloy: YCu
and YCuAl. Upon the heat treatment at a temperature
close to the crystallisation onset the crystalline volume
fraction X increases with the time of annealing τ but the
mean grain size D does not change significantly. It sug-
gests that during the crystallisation process the forma-

tion of new nucleation centres dominates over the growth
of grains. It can be concluded that it is possible to ob-
tain a nanocrystalline structure of desired grain size by
controlling the size of the crystallisation products at ap-
propriate annealing conditions.

The obtained structural and crystallisation parame-
ters (effective activation energies and crystallisation en-
thalpies) will be the reference for further investigation
of YxCe50−xCu42Al8 system with different Y substitu-
tion by Ce. The structural changes and heavy-fermion
properties of YxCe50−xCu42Al8 series will be the subject
of further investigation based on the results described
above.
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