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Nanocrystalline Pr2 Fe17 and Nd2 Fe17 powders with rhombohedral Th2 Zn17 -type crystal structure and
average particle sizes around 20 nm have been obtained by high-energy ball milling. While the bulk alloys show a
well-defined and sharp drop in the low-field magnetization curve at the Curie temperature, TC = 285 K (Pr) and
335 K (Nd), the ball-milled samples exhibit a substantial broadening of the ferro-to-paramagnetic transition due
to a considerable augmentation of the disordered inter-grain boundaries. The latter results in an increase of more
than 25% in the values of the full width at half maximum of the temperature dependence of the magnetic entropy
change maintaining almost unchanged the relative cooling power.
PACS numbers: 61.05.cp, 75.50.Tt, 75.30.Kz

1. Introduction
R2 Fe17 intermetallic compounds (R = rare earth, Y)
are considered very attractive systems for studying competing 3d–4f magnetic interactions [1]. Among these alloys, Pr2 Fe17 and Nd2 Fe17 exhibit ferromagnetic order
with relatively high values for the saturation magnetization, being close to µ ≈ 40 µB /f.u. at T = 0 K, and the
Curie temperatures, around room temperature [1]. Both
compounds crystallize in the rhombohedral Th2 Zn17 -type crystal structure (space group R3̄m) with Fe atoms
occupying four different sites (6c, 9d, 18f and 18 h in
the Wyckoff notation) and a unique 6c site is occupied
by the rare-earth [2, 3]. The discovery of a moderate
magnetocaloric effect in some R2 Fe17 alloys around room
temperature, together with their comparatively low-cost
processing compared with Gd-based alloys, has renewed
the interest in these compounds [4, 5]. High-energy ball-milling (HEBM) is a technique extensively used to modify the microstructure and/or crystal structure of the materials with the consequent effect on their physical properties [6]. We report here on the microstructural, morphological and magnetic changes induced by HEBM on
arc-melted R2 Fe17 ingots (R = Pr, Nd).
The bulk and 10 h milled powders of Pr2 Fe17 and
Nd2 Fe17 compositions (hereafter ball milled and bulk
samples will be referred as Pr(Nd)-BM and Pr(Nd)-Bulk,

respectively) were prepared following the process described in [2, 3]. Magnetic entropy change, ∆SM , was
determined as a function of T and H through numerical
integration of the isothermally measured M (H) curves
up to µ0 H = 1.5 T, by means of the Maxwell relation
∆SM (T, H) = SM (T, H) − SM (T, 0)
¶
Z Hµ
∂M
dH .
(1)
=
∂T H
0
Relative cooling power was calculated as
RCP(H) = |∆SM (H)|max × δTFWHM (H) ,
(2)
where δTFWHM is the full width at half maximum of
|∆SM | curve.
2. Results and discussion
Powder morphology of both Pr2 Fe17 and Nd2 Fe17 ball-milled during 10 h is shown in Fig. 1. SEM micrographs
suggest that the powders consist of agglomerated macroscopic grains with irregular shapes, rounded borders and
sizes mostly in between 0.5 and 10 µm. Higher magnification micrographs revealed that the grains are close-packed assemblies of smaller, flaky or laminar-like entities. Transmission electron microscopy (TEM) study
of the microstructure of these grains at the nanometer
length-scale (Fig. 1b and d) showed that the histogram
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Fig. 1. (a) and (b) SEM and TEM images of Pr2 Fe17
BM-10 h alloy. (c) and (d) SEM and TEM images of
Nd2 Fe17 BM-10 h alloy.

corresponding to the nanoparticle size of a large number
of individual particles (> 500 in each compound) follows
a log–normal distribution, giving an average size, hτ iTEM ,
of 23(1) nm for Pr-BM and 17(1) nm for Nd-BM, with a
standard deviation σ = 6(1) nm in both cases.

Fig. 2. Normalized magnetic entropy change vs. reduced temperature T /TC . Lines are guides for the eyes.
Inset shows the magnetic field dependence of the RCP
values for the studied alloys.

That confirms the dramatic mechanically driven
nanostructure formation by milling. The analysis of the
full-profile X-ray powder diffraction reveals two main
characteristics. Firstly, the crystal structure remains unaltered after the HEBM process, with cell parameters (a
and c) slightly larger (less than 0.5% in both cases) than
those of the bulks (cf. Table).

TABLE
Cell parameters, Curie temperatures and magnetocaloric parameters under an applied magnetic
field of µ0 H = 1.5 T, for both bulk and BM Pr2 Fe17 and Nd2 Fe17 compounds. Crystal structure
was studied by means of X-ray powder diffraction at room temperature.
Sample

a
[Å]

c
[Å]

TC
[K]

|∆SM |
[J kg−1 K−1 ]

δTFWHM
[K]

RCP
[J kg−1 ]

Pr-Bulk
Pr-BM
Nd-Bulk
Nd-BM

8.585
8.588
8.582
8.586

12.466
12.470
12.462
12.463

285(2)
292(10)
339(2)
340(10)

2.6
2.1
1.7
1.2

40
51
50
72

105
107
82
87

Secondly, a reduction of the peak intensities together
with a peak broadening in the patterns corresponding
to the BM-10 h samples is observed. The whole profile
analysis of the XRD pattern gives an average grain size,
hτ iDiff , of 20(2) nm (Pr) and 24(3) (Nd), in reasonable
agreement with those estimated from TEM images. Bulk
samples do not show any broadening of their peaks with
respect to the instrumental line width, which indicates a
minimum average grain size of at least 0.1 µm.

The M (T ) curves measured under low H reveal that
the ferro-to-paramagnetic transition becomes less well-defined after the mechanical treatment, thus suggesting
the existence of a broad distribution of TC . The latter is
a consequence of the induced structural disorder and the
slightly different local environments of the atoms at the
grain boundaries [3, 7]. Normalized magnetic entropy
change to its maximum value vs. T /TC is depicted in
Fig. 2. It is worth noting that the maximum values of
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|∆SM | occurs at T ≈ TC . The lack of a sharp drop in
the M (T ) curve at TC after the HEBM process causes an
increase of the width of ∆SM (T ) and a decrease of the
peak value (cf. Table) for all the applied magnetic fields.
Nevertheless, the increase of 28 and 44% (for R = Pr
and Nd, respectively) in δTFWHM due to the broadening
of the ∆SM (T ) curve after milling, leads to similar RCP
values.
3. Conclusion
In summary, the mechanical process generates severe
changes in the morphology of the R2 Fe17 (R = rare earth)
compounds, and entails the reduction of the grain size to
the nanometric length scale. These changes are responsible for the modifications in the magnetic behavior, where
the main feature is a less well-defined value of TC , and
therefore, the reduction of the magnetic entropy peak is
compensated by an enlargement of the temperature span
of the peak, giving rise to similar values of the RCP.
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