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1. Introduction
Mechanical alloying (MA) is a non-equilibrium technique that offers advantages over others, such as low costs
and control processing [1]. During MA processing, a high quantity of crystalline defects is induced in the
material that can increase the solubility of metals. Additionally, with this route, the obtained nanocrystalline
alloy prevents the movement of the dislocations, which improves hardness, fracture tenacity, and wear
resistance [2-5].

2. Experimental procedure
In this work, the Al(Mg) 10 wt.% nanostructured alloy was synthesized by high-energy mechanical milling as
a function of time. The Al-Mg alloy was formed in a SPEX 8000M ball mill equipment at 1800 rpm, with a
ball/weight ratio of 7:1. Stearic acid (3 wt.%) was used as the process control agent. The morphological and
structural characterization of the as-milled powders was carried out by employing scanning electron
microscopy (JEOL JMS-6400), transmission electron microscopy (Phillips TECNAI F20), and X-ray
diffraction (Bruker D8 ADVANCE).

3. Results and discussion

Fig. 1a shows an SEM micrograph corresponding to the starting material (0 h), which presents irregular
morphology with an average size of 1. mm. An SEM image corresponding to 10 h milling (Fig. 1b) shows a
substantial decrease in particle size associated with the equilibrium between fracture and cold welding near to
the end of the solid solution. In the past, it has been widely mentioned that during mechanical alloying, this
equilibrium is achieved in different alloy powder systems [6]. Also, it is found that for this milling time, a
narrower particle size distribution is obtained with an average size of 16 um and a semi-spherical morphology.
However, the alloy structure cannot be refined indefinitely due to the increase in hardness with milling time
and crystal size reduction. EDS spectrogram (Fig. 1c) shows the Al and Mg elements from the starting material,
confirming no signs of contamination. The O element attributes to the superficial metal oxide formed in both
elements. Fig. 1d shows the XRD patterns of the samples corresponding to O h, and 10 h of milling. The XRD
belonging to the milling time of 0 h clearly illustrate the presence of Al and Mg reflections (JCPDS no. 00-
004-0787, JCPDS no. 01-089-4894). As the milling time increases, the diffraction peaks of the aluminum
decrease in intensity and become broadened, while the reflections corresponding to the magnesium disappear.
This behavior indicates a progressive solid solution formation, as well as a reduction in crystal size
accompanied by an increase in the lattice strain. Also, displacements of the Al peaks towards smaller angles
are seen, which indicates the increment in the lattice parameter attributed to the Al substitution by Mg because
the atomic radius of Mg (0.160 nm) is higher than Al (0.143 nm). After 10 h of milling time, the Mg reflections
entirely disappear, indicating the formation of the Al-10Mg solid solution. Figs. 2a and 2b show TEM images,
which confirm the formation of a nanostructured alloy obtained with an average crystal size between 10-25
nm after 10 h MA. From the selected area diffraction pattern, a series of concentric rings corresponding to the
(111), (200), (220), (311), and (222) crystallographic planes of the Al-fcc crystal lattice (Fig. 2c) are observed
[7]. Fig. 2d displays an HRTEM image, showing a crystal with a size of approximately 20 nm. The interspacing
of the HRTEM micrograph corresponds to the interatomic distance of 2.28 A belonging to the (111) plane of
the Al-fcc crystal lattice. Also, the inset shows the FFT pattern confirming the (111) planes of Al.
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4. Conclusions
In summary, the Al-10Mg nanostructured alloy was synthesized by high-energy mechanical alloying ina 10 h
milling time. The XRD technique observed that the lattice parameter, strain as well as the solubility of Mg in
Al increases as the milling time increases. TEM studies display a crystallite size distribution of 10-25 nm.
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Figure 1. (a)- (b) SEM |mages corresponding to the mllled samples for 0 h, and 10 h, respectively. (c) EDS
spectrogram. (d) XRD patterns of the milled samples for 0 h, and 10 h.

Figure 2. TEM mlcrographs of Al- 10Mg aIon in (a) bright field, (b) dark fleld (c) selected area diffraction
pattern, and (d) high-resolution with its respective FFT (inset).
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