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The evolution of microstructure and the phase constitution of the LaFe11.0Co0.8(Si0.4Al0.6)1.2
alloy in as-cast state and after subsequent annealing at 1323 K for 10, 20, 49 days was studied.
In the LaFe11.0Co0.8(Si0.4Al0.6 )1.2 alloy after arc-melting, the dominant dendritic α-Fe phase
crystallizes, which is confirmed by X-ray diffraction. Annealing of the samples resulted in
evolution of microstructure and the phase constitution. Prolonged annealing of the samples
causes almost full homogenization of the alloy with the single-phase structure identified as
La(Fe0.85Co0.06Si0.04Al0.05)13 phase of the NaZn13-type structure.
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1. Introduction
Since the discovery of the giant magnetocaloric effect (MCE) in Gd5Si2Ge2, where
the magnetic entropy change |ΔSM | at Tc = 276 K reaches about 18.5 Jkg–1K–1 under
the change of magnetic field ΔH  to 5 T field [1], the intensive studies were focused
on materials that revealed similar behavior near room temperature. Relatively low
price and specific magnetic properties of La–Fe–Si type alloys were the main reasons
for their investigation due to the possible application as active elements in magnetic
refrigerators. The phase responsible for their unique properties is based on cubic
NaZn13-type structure (space group Fm3c) [2, 3]. However, the MCE is observed in
a wide range of temperatures depending on the composition of alloy [4–7]. High
value of |ΔSM | is the result of two simultaneously occurring phase transformations:
i) a second order magnetic transition from ferro- to paramagnetic state in the La(FeSi)13
phase, and ii ) a first order transition at about the Curie point. For various alloy
compositions the giant magnetocaloric effect occurs, when the transition from ferro-
to paramagnetic state coincides with the first order transformation of the phase
responsible for this phenomenon [8]. In the case of the alloys investigated, the first
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order transition involves a change of the lattice parameter, which consequently leads
to dramatic drop of the magnetic exchange coefficient [8, 9]. Therefore, the most
important factor in processing the alloy is to generate sufficiently large volume
fraction of the La(FeSi)13 phase responsible for their unique properties. In Fe-based
alloys the LaFe13 phase is metastable in contrast to the stable LaCo13 phase observed
in Co-based alloys [10], therefore additions of Si and Al elements are used to
stabilize this phase [11]. Furthermore, addition of Co is responsible for an increase in
the Curie temperature of the NaZn13-type phase [12]. The aim of the present work
was to study the evolution of the microstructure and the phase constitution of
the LaFe11.0Co0.8 (Si0.4Al0.6 )1.2 alloy in as-cast state and after subsequent annealing
at 1323 K for 10, 20, 49 days.

2. Experiment

The LaFe11.0Co0.8(Si0.4Al0.6)1.2 master alloy was prepared by arc-melting of high
purity elementes in an Ar atmosphere. The ingot samples were subsequently
sealed-off in a quartz tube under the low presure Ar atmosphere and annealed at 1323 K
for 10, 20 and 49 days. The phase constitution of the LaFe11.0Co0.8(Si0.4Al0.6)1.2
alloy was investigated by means of X-ray powder diffractometry (XRD), using Seifert
XRD 3003 diffractometer with CoKα radiation. The samples were subjected to
the mechanical polishing in order to reveal microstructure using metalographic
microscope NEOPHOT-32.

3. Results and discussion

In Figure 1, the XRD patterns for samples in as-cast state and after annealing at
1323 K for 10, 20 and 49 days are shown. The XRD analysis for the as-cast sample of
the LaFe11.0Co0.8(Si0.4Al0.6)1.2 alloy has shown that the main crystalline phase
consists of α-Fe grains. Subsequent heat treatment results in formation of NaZn13-type
phase. Long time anneling (for 49 days) resulted in changes of phase contribution of
the samples, where dominant crystalline phase was the La(Fe0.85Co0.06Si0.04Al0.05)13
phase. Furthermore, the long time annealing shows a decrease of the α-Fe peaks in
the diffraction pattern, which suggests a decrease of its volume fraction.

The mechanical polishing followed by etching of the samples for 3 s in 0.5% nital
solution, were used to prepare the samples for microstructure observations.
Microstructure of the LaFe11.0Co0.8(Si0.4Al0.6)1.2 alloy in as-cast state is shown in
Fig. 2a.

The samples in as-cast state revealed dendrited microstructure, where dendrites
were formed by α-Fe, while other alloy components were expelled into the dendrite
arm spacing. The heat treatment at a temperature of 1323 K for 10 days resulted in
radical change of microstructure (Fig. 2b), caused by formation of the NaZn13-type
phase. However, large amounts of inhomogenities are present. The XRD analysis
suggests that in this stage, the sample consists mainly of the NaZn13-type phase.
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Similarly, the annealing for 20 days did not result in any significant change of their
microstrucure (Fig. 2c). The annealing of the sample at 1323 K for 49 days caused
homogenization of their microstructure, confirmed by XRD data, where only a minor
volume fraction of remanent α-Fe phase was present (Fig. 2d).

Fig. 1. X-ray diffraction patterns of the LaFe11.0Co0.8(Si0.4Al0.6)1.2 alloy samples: in as-cast state, after
annealing at 1323 K for 10 days, after annealing at 1323 K for 20 days, and after annealing at 1323 K
for 49 days.

Fig. 2. Microstructure of the LaFe11.0Co0.8(Si0.4Al0.6)1.2 alloy samples: in as-cast state (a), annealed
at 1323 K for 10 days (b), annealed at 1323 K for 20 days (c), and annealed at 1323 K for 49 days (d).

a b

c d
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4. Conclusions

Based on the present investigation one can formulate the following conclusions:
– In the as-cast LaFe11.0Co0.8 (Si0.4Al0.6)1.2 alloy, the dominant dendritic α-Fe

phase crystallizes after arc-melting.
– Annealing of the samples resulted in evolution of the phase constitution and

emerging NaZn13-type structure, by solid state transformation.
– Long time annealing causes homogenization of the alloy where single-phase

structure, identified as La(Fe0.85Co0.06Si0.04Al0.05)13 phase of the NaZn13-type is
formed.
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