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Abstract - Nanostructured powders of Fe50Ni25Al25 were prepared by mechanical alloying in argon atmosphere from 

elemental Fe, Ni and Al powders. The obtained powders were characterized by, X-ray diffraction, Transmission Electron 
Microscopy and 57Fe Mossbauer Spectroscopy. A detailed analysis of the diffraction patterns reveals a fast decrease of the 
crystalline size in the first hour of milling, after we obtained a stationary state. The final lattice parameter of this structure is 
close to 0.2895 nm. For the first milling time, Mossbauer spectra are composed of magnetic contribution characteristic of 
alpha iron and paramagnetic contribution attributed to Fe-Al (rich in Al). The formation of disordered solid solution 
Fe50Ni25Al25 is complete after 48 hours of milling. 
 

 

I. INTRODUCTION 

 
Mechanical alloying MA is a process used to produce 

alloys at room temperature having a fine 

microstructure; furthermore, it can be applied to alloy 

incompatible materials. Also, MA is a promising 

route to synthesize nanocrystalline alloys, amorphous 

alloys, structural intermetallics, and ceramic materials 

[1-5], in other words, materials with unusual 

structural properties [6]. Several physical properties 

of materials are strongly affected by the grain size. 

For instance, in metallic systems the yield stress 

increases with decreasing grain size over a 
considerable range as described by the Hall–Petch 

equation [7]. An analogous effect is the strengthening 

of a ferromagnetic material, with decreasing grain 

size in the micrometer to the tens of manometer 

range. When the dimensions of the grains become 

comparable with the characteristic length of the 

physical phenomenon involved, conventional scaling 

laws often break down and may even reverse [8]. 

These results strongly suggest that both functional 

and mechanical properties can be adapted by 

controlling the grain size of the material. The 

intermetallic show a clearly better behavior in the 
high temperature range especially regarding their 

creep-resistance and strength connected with low 

density compared to conventional materials. The 

large number of technological fields where Fe-Ni-Al 

interrnetallic compounds, have found useful 

applications makes these systems particularly 

attractive from an experimental point of view. In the 

previous papers, phase formation and nanometer 

order grained microstructures and their formation 

process were reported for the Fe-Ni-Al alloys by 

Mechanical alloying. It was found that the process of 
gradual refinement into nanometer order of crystal 

size and the formation of homogeneous solid solution 

take place concurrently. Another aspect of the present 

work is the opportunity to study the availability of 

homogeneous synthesis by mechanical alloying, 

starting from multi-elemental initial components. 

Only, very few papers have been found to be 

concerned with mechanical alloying of more than two 
elementary initial components. 

 

II. EXPERIMENTAL PROCEDURE 

 

In order to prepare the alloys required for these 

studies, a mixture of appropriate amounts of Fe 

(99.9%, powder, grain size <60 m), Ni (99.9%, 

grain size <100 m) and Al (99, 97 grain size < 100 

m) powder, were ball milled in a vial with balls. 
Both the vials (45 ml in volume) and the balls (12 

mm in diameter) were made stainless steel. The 

powders were sealed in the vials under a pure argon 

atmosphere. Mechanical alloying was performed with 

a planetary ball mill type Fritsch-Pulverisette 7 with 

powders to ball weight ratio R= 1/35 and a rotating 

speed of about 1000 rpm. The total milling time was 
either 48h, interrupted for either 15 min every 30mn, 

respectively, in order to minimise excessive 

temperature rise and to limit the adherence of the 

powders to the vial walls. The investigation methods 

were X-ray diffraction patterns (XRD) and 

Mössbauer Spectrometry. Structural characterization 

was done by means of X-ray diffraction (XRD) using 

Cu-K (=0.154056nm) radiation at room 

temperature in the 2 range from 25° to 130°. We 
also used the MAUD procedure [9] for 

microstructural XRD analysis, based on RietVeld 

[10] method combined with Fourier analysis, which is 

well adapted for broadened diffraction peaks. This 

version permits a more detailed analysis of the 
material thus since it can take in account the 

anisotropy of shape of diffraction domains coherent 

and of micro-deformations [11] as well as possible 

effects of texture [12]. The RietVeld’s method was 

successfully applied for determination of the 

quantitative phase abundances of the mixture 

powders [1]. There is a simple relationship between 

the individual scale factor determined, considering all 

refined structural parameters of individual phases of a 

multiphase sample, and the phase concentration in the 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-3, Mar.-2020, http://iraj.in 

Studies of Nanostructured Fe50Ni25Al25 Powders Prepared by Mechanical Alloying 

 
2 

mixture. The weight fraction for each phase was 

obtained from the refinement relation as adopted by 
earlier [13]. The structure refinement along with size-

strain broadening analysis was carried out 

simultaneously by adopting the Maud procedure [9] 

as mentioned previously, The Maud procedure can 

take in account the anisotropy of shape of diffraction 

domains coherent and of micro-deformations by 

fitting the reflections of these phases with POPA 

anisotropic model [11]. For the powders milled more 

or equal than 4 hours, the crystallite size and 

microstain values of disordered phase -Fe (Ni, Al) 
are fitted with POPA anisotropic model [11]. 

Mossbauer spectroscopy, which probes the local 

atomic structure of the alloys, has proven to be useful 
in studies of mechanical alloying [14-17]. 57Fe 

Mossbauer spectra were recorded at room 

temperature in transmission geometry with a constant 

acceleration apparatus. The spectra were analysed by 

means of the MOSFIT program developed by F. 

Varret et al [18], which extracts an hyperfine mean 

field distribution, P (H), from an experimental 

spectrum. The isomer shift (IS) at the 57Fe nuclei is 

given relative to α-Fe at room temperature. 

 

III. RESULTS AND DISCUSSIONS 

 

3. 1. X-rays analysis 

 

X-ray diffraction spectra for the Fe50Ni25Al25 powders 

are shown in Fig.1. Only narrow range of diffraction 

angles is presented (35-115°), but it contains the all 

lines of all components. The diffraction patterns 

indicate that the unmilled powders contains only the 

element Fe, Ni and Al. Analysis of X-rays patterns 

with MAUD program reveal that the concentrations 

of the elements Fe, Ni, and Al are close to the initial 

proportions i.e. 50%Fe, 25%Ni and 25%Al. For short 
milling time (30mn) (Fig.1), only relatively sharp 

diffraction peaks of elemental powders are observed 

on the XRD patterns and it’s observed a fast decrease 

of the intensity of the (111) diffraction peak of -Al. 
For a powders mixture milled for 1h and 2h the X- 

rays diffraction patterns are fitted by using 3 

components, because it takes into account the two 

various distributions of the Fe(Ni, Al) crystallites 
sizes and those is due to the fact that the lines 

diffraction peaks are asymmetrical and justify our 

choice clearly whatever the crystallite shapes, on the 

another hand, all the possibilities were explored to 

improve the fitting of mixture powders milled for 1h 

and 2h with two components but without success 

(fig.2). The broadening of the Bragg peaks with 
milling time (fig.3) indicates a progressive decrease 

in crystallite size and accumulation of microstrains 

induced by repeated fracturing and cold welding of 

the powder particles. After 1h of milling, crystal 

peaks of -Al seem to disappear and the peaks of -
Fe become lower and broader, and the powders are 

mainly in the FCC form ( -Ni (Fe, Al)) rich on Ni, 

there is only 22% of Fe in the BCC form (- Fe(Ni, 
Al)) rich on Fe. 

 

 
Figure 1: X-rays diffraction patterns of mechanically alloyed 

Fe50Ni25Al25 powders milled at various times. 

 

 
Fig.2: XRD patterns of mechanically alloyed Fe50Ni25Al25 

powders milled for 1h with 3 components. Experimental (dots) 

and calculated (full line). 

 
Fig.3: Evolution of the pick situated to the surrounding 45° as 

function of the milling time showing the broadening and the 

displacement toward the left of the peak. 

 

The best fitting is obtained with 3 components: 1 

FCC and 2 BCC with different crystallite sizes and 

microstrains. This means that some Fe atoms, which 

have the smaller atomic radius than Ni are diffused in 

Ni matrix, with Al atoms witch have better affinity 

with Fe atoms than Ni. Neither superstructure 

reflections nor peaks corresponding to DO3 structure 

or B2 ordered structure have observed in these 

mechanically alloyed Fe50Ni25Al25 powders. We 
noted that the crystallite size is in nanometric range 

after only one hour of milling, and is about 10 nm for 

48 hours of milling. The progress of alloying is 
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illustrated in Fig.4, which shows the change of BCC 

and FCC lattice parameters for -Fe(Ni, Al) and -

Ni(Fe, Al). The -Fe(Ni, Al) lattice parameter 
increases strongly at the first hours of milling and 

approach a saturation value with longer processing, 

but the -Fe(Ni, Al) lattice parameter increases until 

one hour of milling after its decreases and reached a 
quasi-stationary state . It is necessary to note that the 

percentage of -Fe(Ni,Al) phase decreases in a 
continuous way. This indicates that alloying takes 

place mainly within the first 4 hours, reaching a 

steady state after 12heures. 

 

 
Fig.4: Lattice parameters of -Fe(Ni,Al) and -Fe(Ni,Al) as 

function of milling time. 

 

3.2. MET analysis 

 

 
Fig.5: Bright field transmission electron micrographs (TEM) at 

different magnifications and of the Fe50Ni25Al25 powder milled 

for 12hours and (d) selected area diffraction rings of the region 

in (c). 

 

Direct observation of the individual grains within the 

deformed powder particles by TEM indicates that the 

crystallites sizes are in the manometer range. TEM 

bright-field micrographs of a particle of a 

Fe50Ni25Al25 powder milled for 12 h at different 

magnification are shown in Fig. 5. The presence of 

nanocrystallites in this particle is best evidenced 

considering that the selected area diffraction (SAD) 
pattern Fig.6 d shows a ring-like pattern due the 

distinct orientations of the crystallites. The 

corresponding SAD pattern shows whose radii agree 

with the bcc Fe structure and fcc Ni structure. Such as 

view of the diffraction pattern can brought about 

coexistence of amorphous and nanocrystalline phases, 

the latter of which is -Fe and -Ni. Chemical 

compositions of the obtained milled products were 
analyzed using energy dispersive X-ray spectroscopy 

(EDS) methods, equipped in TEM. The EDS analysis 

have shown inhomogeneous Ni and Al distribution in 

the Fe particles formed (see Figure 6) indicating that 

the homogenous alloy is not closed. 

 

 
Fig.6: Bright field transmission electron micrographs (TEM) 

(a), map of Ni (b), and Al (c) of the Fe50Ni25Al25 powder milled 

for 12 hours 

 

3.3. Mossbauer analysis 

 

Magnetic structure can be determined by Mossbauer 

spectroscopy that allowed obtaining information 
about local interactions between iron nuclei and their 

nearest-neighbourhood, observing the process of 

alloy formation and change of its magnetic properties 

at every stage of the milling. The Mossbauer spectra 

for Fe50Ni25Al25 alloy prepared by high-energy ball 

milling process are shown in Fig.7.a for various 

milling times. Three mains components can be seen 

on these spectra. The observed Mossbauer spectrum 

is composed on two sextuplets and one doublet. At 

short milling times, the first sextuplet is characteristic 

of pure iron or iron slightly substituted, and it’s 

predominant. The second sextuplet characterized by a 
hyperfine field lower than 330 kG and a broad line-

width which increases with the milling time. This 

component is come significant gradually with 

increasing milling time. At the same time, the 

intensity of the first sextuplet decreases gradually. 

The doublet which characterizes the Fe largely 

substituted by Al, its intensity goes through a 

maximum at 1h. However, it is necessary to note that 

the doublet is unimportant at 4h of milling; it is no 

longer observed in powders ground for 12h and more. 

The variation of the average hyperfine field < H > 
according to the milling time is shown on Fig.7.c. 

That can be divided into three stages: a fast reduction 

at the beginning of milling indicating that the 

combination with aluminium is very important and a 

light increase indicating that the Ni atoms gradually 

integrate the first coordinate sphere of the Fe atoms, 

certainly in the BCC structure and finally quasi-

stationary state. The process of MA, in binary alloys 

is generally made up of two stages which occur 

simultaneously: refinement of the grains and 

formation of the multi-layer structures (stage 1) and 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-3, Mar.-2020, http://iraj.in 

Studies of Nanostructured Fe50Ni25Al25 Powders Prepared by Mechanical Alloying 

 
4 

then finally formation of alloy (stage 2) as reported 

by several authors [19-21]. 

 
Fig.7: 

57
Fe room temperature Mossbauer spectra (a) , some 

associated HFD (b) and average hyperfine field (c) of powders 

mixture FeNiAl as milling time. 

 

IV. CONCLUSION 

 

The TEM and the electron diffraction results confirm 

the nanocrystallites nature of the as –prepared sample 

in accordance with both broads XRD peaks and 

hyperfine field distributions. On the basis of the X-

rays analysis, transmission electron microscopy and 

Mossbauer Spectroscopy, the process of 

nanocrystallization appears to be composed by 3 
stages: progressive refinement of elements Fe, Ni and 

Al grains within the sandwich type microstructure 

(stage 1), formation of the binary FeAl, FeNi and 

NiAl presumably at the interfaces between Fe, Al, Ni. 

(stage 2) followed by the formation of the ternary 

FeNiAl (stage 3).The X-rays and Mössbauer 

spectroscopy results showed that three stages take 

place almost simultaneously. The X-rays diffraction 

analysis indicates there is a rapid nanocrystallization 

of Al; the formation of ternary alloy occurs in a 

progressive way and Mössbauer spectrometry shows 
that the formation of FeAl tens to start after short 

milling times. 
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