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Abstract. Feo70Alp3o alloy is a bec and ferromagnetic phase, being the Al atoms magnetic
dilutor. In this work, we study the effect of the Nb on the structural and hyperfine behavior of
the Feo.70Alp 30 alloy when atoms of Nb substitute atoms of Fe or Al. The nanostructured system
of (Feo.70Alo.30)1xNbx (x = 0, 0.05, 0.10, 0.20, at. %) was obtained by alloying Fe, Al and Nb
powders in a planetary ball mill during 12 h, 24 h and 36 h, and a ball mass to powder mass
relation of 10:1. The magnetic and hyperfine properties of the samples were studied by X-ray
diffraction (XRD) and Mossbauer Spectrometry (MS) at room temperature, respectively. The X-
ray diffraction patterns for x=0 showed the bcc-o FeAl structure and its lattice parameter is
approximately constant with milling times (~ 2.91 A). For x=0.05, 0.10 and 0.20 the patterns
showed the coexistence of the a-FeAl, Nb(Fe,Al), structural phases with an amorphous
component. The Mdssbauer spectra of x=0 samples were fitted using hyperfine magnetic field
distributions (HMFDs), and the obtained mean hyperfine fields (MHF) were 23.4, 24.2, and 24.3
T for 12, 24, and 36 h of milling time, respectively, which correspond to the a-FeAl structure.
The spectra of the samples with x=0.05 and 0.10 were fitted using a model with two components,
the first one is a HMFD attributed to the bcc-Fe AIND structure and the second with two doublets
attributed to the Nb(Fe,Al), structure. When atomic percentage of Nb increases up to 20 at. %
the ferromagnetic behavior is diluted due to substitution of Fe-atoms by Nb and Al atoms in the
bee-FeAIND structure. The magnetic behavior becomes paramagnetic at x=0.20, the spectra were
fitted with three doublets, one of them related with bcc-FeAIND structure and the others to the
Nb(Fe,Al), structural phase. The alloying of Nb to the Feo70Aloso system destroyed the
magnetism due the substitution of Fe by Nb atoms and generates an amorphization into the
system.

1. Introduction

Mechanical Alloying technique, originally developed to produce oxide-dispersion strengthened nickel
and iron base superalloys for applications in the aerospace industry [1], has a unique capability of
producing thermodynamically disfavored reactions and destabilizing equilibrium systems [2]. In fact,
the large diversity of metastable systems that can be produced by MA, including amorphous alloys,
supersaturated solid solutions or metastable intermetallic, makes this technique to be present in many
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research fields [1-5]. Generally, high energetic milling of alloys leads to the formation of a
nanocrystalline structure and, for some compositions, to amorphization [1,6].

Fe—Al alloys with strengthening intermetallic phases such as Laves phases have been identified as
promising candidates for structural applications at high temperatures [7-9]. The addition of transition
elements results in the precipitation of Laves phase and improves the creep resistance, in which Nb is
one of the most important alloying elements [10-13]. F. Stein et al. [14] studied the as-cast
microstructures of a series of ternary Fe—Al-Nb alloys, they presented a reaction scheme including the
solid-state reactions and the projection of the liquids surface of the ternary system

In current work, the evolution of the properties of the (Feo.70Alo.30)1xNbx (x = 0, 0.05, 0.10, 0.20, at.
%) alloy obtained by mechanical alloying as a function of Nb concentration and milling times is
presented. The structural and microstructural properties were obtained by X-ray diffraction (XRD) while
some magnetic ones were followed by Mossbauer Spectrometry at 300 K.

2. Experimental method

Milled samples were obtained from pure element powders (iron 99.9 %, Al 99.9 % and Nb 99%), using
a high energy planetary ball mill “pulverisette 5” during 12, 24, and 36 hours. The milling speed was
280 rpm and the process was carried out using a sequence of 60 minutes milling and 30 minutes resting,
with a ball to powder ratio of 10:1. The elemental powders were weighted in the desired stoichiometric
relation and mixed in a small flask, then transferred into the vials, under argon atmosphere.

The X-Ray diffraction (XRD) measurements were performed using a high-resolution X’Pert-MRD
PANalytical diffractometer, with Co radiation, and a Fe filter. The 26 range was from 20 to 90 degrees
in steps of 0.02 degrees. All the XRD measurements were conducted at RT. The pattern refinements
were realized by the Rietveld method using the General Structure Analysis System (GSAS) program
[15] and the lanthanum hexaboride (LaBs) as the calibration sample. >’Fe Mossbauer experiments were
performed at room temperature in transmission geometry using a conventional spectrometer with a
constant acceleration mode and *’Co source diffused into a rhodium matrix. The analysis of the
Mossbauer spectra was done using the Mosfit program (J. Teillet, F. Varret, Unpublished Mosfit
Program University of Maine) and the values of isomer shift were referred to a-Fe at 300 K.

3. Results and discussion

3.1. X-Ray Diffraction

Figure 1 presents the XRD patterns of the (Feo70Alo.30)1-Nbx (x = 0, 0.05, 0.10, 0.20, at. % Nb) system
milled for 36 hours. For all milling times of the sample Feo30Alo.70 the XRD patterns presents the peaks
of a-Fe phase. The sample with x=0.05 presents the peaks of the a-Fe patterns and two additional peaks
at low angles, corresponding to hcp-Nb(Fe,Al), structure, it shows the coexistence of bec-a-Fe-Al and
hcp-Nb(Fe,Al); structures. These results are in accord with previous works [17-20]. The peaks intensity
of hcp-Nb(Fe,Al), structure increases when Nb content increase. In the figure 1 a comparison of the
background of all XRD patterns allows to establish that FeAINb system presents a tendency to reach a
highly disordered state with the increasing of Nb content, due either an amorphous state or a dense
random packing of nanocrystallites of about a diameter of 2 nm.

The pattern refinements were realized with GSAS program [15]. We obtained the estimation of lattice
parameter of bce-a-Fe and Hep - Nb(Fe,Al); structures and their grain sizes. Table 1 shows the refined
structural parameters of the phases, like their respective percentages and lattice parameters for the
(Feo.70Alp30)1xNby samples milled for 36 hours.
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Table 1. Structural parameters refined for the (Feo.70Alo.30)1xNbx samples milled for 36 hours.

Alloy Phase % phase a(h) c (A Crystallite size (nm)

(£5) (£0.003) (£0.003) (=)

Feo,7oA10,30Nbo bce 100 2.909 - 21
Feo.675Al0.285Nbo.os bee 98 2.909 -- 22
hep 2 4.837 7.982 35

Feo.63Al027Nbo.10 bce 88 2916 - 15
hep 12 4.867 7.660 17

Feo,56AloA24NbQ,20 bce 57 2896 - 25
hcp 43 4.843 7.870 32

The lattices parameter of bee-structure (Figure 2) is nearly constant with Nb content up to 5 at. % for
all milling times, then increases up to 10 at. %, and finally, it decreases when Nb content increases, due
that Nb atoms replace Fe and Al atoms in bce structure. The lattice parameters of hcp-Nb(Fe,al), phase
(a~4.84 A and c~ 7.90 A) are in agreement with those reported by others authors [20,21]. The bcc
phase percentage decreases and that of the hcp increase when the Nb concentration increase. This
behavior is shown in Figure 3.
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Figure 2. Lattice parameter for bec-structure vs at.  Figure 3. Percentage of bee structural phases
9% Nb for (Feo70Alp30)1xNbx (x =0, 0.05, 0.10, 0.20) for (Feo.70Alp30)1xNbx (x = 0, 0.05, 0.10, 0.20,
system. at. %) system vs Nb concentration.

3.2. Mossbauer Spectrometry

Mossbauer spectra of the (Feo.70Alo30)1xNbx (x = 0,0.05, 0.10, 0.20, at. %) alloys for 12h, 24 h and 36
hours of milling were collected. Figure 4 shows the experimental Mossbauer spectra at RT, their
corresponding fitting and their hyperfine magnetic field distributions (HMFDs) of the (FezoAlso)i-xNby
x=0,5, 10, 20, at. %) alloys with 36 hours of milling.

Table 2. Hyperfine parameters derived from the fit of RT Mossbauer spectra for (FezAlzo)1x<Nby alloys.

Sample Components d (mm/s) A (mm/s) MHEF (T) Area (%)
Fe()_7()A1()_30Nb0 HFD 0.17 -0.04 24.3 100
Feo.675Al0.285Nbo.os HFD 0.17 0.05 24.5 98
Doublet 1 0.19 0.50 2
Feo‘63Alo‘27Nb0,1o HFD 0.13 -.028 16.9 70
Doublet 1 -0.12 0.54 30
Feo.56Alo24Nbo 20 Doublet 1 -0.04 0.49 49
Doublet 2 -0.17 0.50 36
Doublet 3 0.16 0.52 15

Estimated errors are of about +0.02 mm/s for the isomer shift, 8, the quadrupole splitting, A, and of
about +2%, for the relative area, A.

The Feo.70Alp30Nbg to 12, 24 y 36 hours of milling spectrum exhibits a broad sextet, so it required a
hyperfine magnetic field distribution (HMFD) to be fitted, showing the ferromagnetic and disordered
character of the samples. The mean magnetic field for these alloys was of 22.4 T for 12 h milling and
increases to 24.3 T for 36 h of milling, when the alloy is consolidated. These results are in accord with
previous reports for the Feo 70Alp 30 alloy [16]. For 5 and 10 at. % Nb the spectrums were fitted with the
previous HMFD and a doublet. The first one was related to the a-Fe-Al structure and the second one to
the (Fe,Al)2Nb phase according to XRD results. For 5 at. % Nb the MHF shows a small increase and for
10 at. % Nb the MHF presents a big decrease. It can be noted that the spectral area of the doublet
increases while the hyperfine magnetic fields go to small values showing that when the Nb atoms diffuse
inside the a-Fe-Al matrix diluting in this way the ferromagnetic character of the alloy. For 20 % at. Nb
the spectra show a quadrupolar structure with a broad and asymmetric doublet, which was fitted with
three doublets, showing that the ferromagnetic character of the sample disappears, and the sample
behaves as paramagnetic. The obtained hyperfine parameters for the best fits at 36 hours milling time
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are listed in Table 2. For the other milling times the behavior was like that of 36 h alloy. According with
its isomer shift the doublet 1 can be associated to the a-Fe-Al with big quantity of Nb which induce the
paramagnetic behavior and the doublet 2 and 3 are related with the (Fe,Al):Nb structure and the
amorphous component respectively. The hyperfine parameters are light bigger than those reported for
Feo.70Nbo.30 (IS =-0.18 mm/s and QS = 0.44 mm/s [18]). The small difference in the quadrupolar splitting
is attributed to the presence of Al atoms in the hexagonal structure of (Fe,Al);Nb, this presence increase
the lattice parameter and the anisotropy.

Relative Transmission (a.u.)

Probability (%)
o
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Figure 4. Mossbauer spectra at 300 K for (Feo.70Alo30)1-xNbx with (X=0, 0.05, 0.10, 0.20) alloys
milled for 36 hours (left) and their corresponding hyperfine fields distribution (right).
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Figure 5 shows the behavior of the Mean Hyperfine Field (MHF) as a function of the Nb content. It

can be appreciated that the MHF decreases with the Nb concentration until the paramagnetic behavior
was obtained at 20 at. % Nb. This result is in accord with the decrease of the spectral fraction area of
the HMFD and the increase of the doublet spectral area, as can be noted in Figure 6.
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Figure 5. Mean hyperfine field vs concentration of Figul.'e. 6. Percentage of .spectral arca as a
Nb for (Fe70Alz0)1-«Nbx alloys milled. function of the concentration of Nb for the

4.

components used in the fit of experimental
spectra of figure 1.

Conclusions

In this work was carried out a structural and hyperfine study of (Fe;oAlso)-«Nby alloy system obtained

by

mechanical alloying. It was determined that the alloy has two structural phases, the a-FeAl,

Nb(Fe,Al): and an amorphous component. Both, increasing milling time and Nb content give rise to an
increasing degree of disorder with a tendency to amorphization. Mossbauer spectrometry shows that the
ferromagnetism of the alloy is affected by the diffusion of Niobium atoms in the a-FeAl structure as
well as the increase in the atomic disorder of this structure until the alloy behaves as a paramagnetic.
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