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Abstract: This work was observed the phase formations of the mixture Al-Cu-Fe 
processed vial mechanical alloying, powders pressing at room temperature and 
subsequent heat treatment. The mixture of powders was made on the nominal 
composition Al65Cu20Fe15. A mill of high energy of the horizontal atrittor type was used 
to process the powders mixtures, in fixed time of two hours of milling. After milling, 
the powders were pressing in a die closed, with a diameter of about 28mm. The samples 
were observed by optical microscopy and analyzed X-ray diffractometry. The results 
obtained in this study provide a basis for setting parameters may be used as a basis for 
future research and possible applications. 

Introduction 
The quasicrystals are structures that compose materials of extensively studies, 

since they have great importance due to the different conditions that may apply due that 
exhibit high hardness. Several studies provided evidence for the formation of 
quasicrystals phases upon adequate thermal treatment of Al-Cu-Fe mechanically alloyed 
powders [1-4]. The advantage in using the elements Al-Cu-Fe, compared to the other 
system of alloys, is in fact these elements are conventional and cheaper. The Al-Cu-Fe 
quasicrystals have a unique combination of physical, thermal and mechanical properties, 
such as low electrical conductivity, low coefficient of friction and surface energy, 
absence of work hardening as well as high hardness and brittleness at room temperature 
[5]. The synthesis of single-phase Al-Cu-Fe quasicrystals by slow casting is difficult, 
also due to the very strait composition domain [6]. 

The sequence of phase transformations winning the continuous heating of high 
energy milled Al-Cu-Fe powders with compositions near to the stoichiometric 
composition Al62Cu25.5Fe12.5 (at.%) of the quasicrystals phase is known [7-11]. 

The objective of the present study was elaboration vial mechanical alloying 
ternary Al65Cu20Fe15 (at.%) powders, with two hours of milling,  pressing at room 
temperature and heating treatment. A mill of high energy of the horizontal atrittor type 
was used to process the powders mixtures. The samples were observed by optical 
microscopy and analyzed X-ray diffractometry. 
 
 

Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil

521

521



Materials and Methods 

The general experimental process development in the study is showed in Fig. 1. 
In the experiment were utilized aluminum (purity-99,5%), cooper (purity-99,99%) and 
iron (purity-99,55%) powders, weighed on an analytical balance and mixed manually in 
a jar and then placed in a container of grinding equipment. The powders mixtures were 
initially prepared in the stoichiometric compositions: Al65Cu20Fe15 (at.%). The 
parameters of the milling process used are listed in Table (1). 

 
Fig. 1. Experimental process utilized in the study. 

Table 1. Parameters of the milling process used in the experiments. 

Parameters  Values  

Ball weight (g)  2000  
Powder weight (g)  100  

Ball weight / Powder weight  20/1  
Ball diameter (mm)  7  
Shaft velocity (rpm)  900  

Atmosphere  Air  
Cooling  Water  

Time of process (h)  2  

The milling equipment used to powders processed was a horizontal atritor mill 
type. The powder was ground for two hours without the use of additive and 10 minutes 
with 10ml of ethanol. After milling at two hours and ten minutes were retired the 

Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil

522

522



powder of the container and then, divided in samples to be compacted and heat treated. 
The samples with approximately 20g each were subjected by process of compacted with 
a load of about 100kN at room temperature. The compacted samples were thermally 
treated for 2 hours at 600, 650, 700 and 750°C under nitrogen atmosphere passing. After 
sintering process, was obtained samples in cylindrical shape, with approximately 28mm 
in diameter. The heat treatment was done in a tubular furnace Nabertherm. The X-rays 
diffractions (XRD) analyses of the samples were performed in a diffractometer Siemens 
Company. In XRD analysis, we used a tube of Cu whose wavelength is 1.5406 Å at a 
voltage of 40kV, current 30mA, step 0.01°, and time per step of 3s and the angle 2θ 
ranging from 20 to 50 degrees. 

Results and Discussion 
resented a photography tree sintered samples, resulting powder 

milling
In the Fig. 2 are p
 compacted, at two hours of milling and 10 minutes, in the nominal composition 

Al65Cu20Fe15 (at.%), without polished and etching. It is noteworthy that during the 
grinding was not used none kind of additive, however, soon after the time of two hours 
of milling, was added 10ml of ethanol to thinning of the dust particles in a time of 
10min and the same detachment of the container wall, impeller and balls. 

 
Fig. 2. Appearance of three compacted and sintered samples. 

 Fig. 3 shows the optical micrograph of the Al65Cu20Fe15 (at.%) alloy obtained by 
the processes of high energy milling, followed by could compaction forgings and 
treated at 600°C. The distribution of phases presented in this microstructure is typical 
for this type of material and the surface of the samples have similar characteristics. 

 

Fig. 3. Optical micrograph from alloy Al65Cu20Fe15 treated at 600°C. 
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Fig. 4 shows the X-ray diffraction (XRD) patterns for the as-milled MA 
Al65Cu20Fe15 powders with 2 hours and 10 min of milling. The pattern of the powder 
milled did not reveal any significant change. In the XRD pattern can be observed the 
peaks of the elements Cu and Al are higher intensities. The peak of Fe is also observed, 
with lower intensity compared with the Cu and Al, because it has a smaller atomic 
percentage in mixture. This is due to several factors, such as increase in the amount of 
strain introduced in the powder particles and increase in the number of defects and 
vacancies. On the other hand, this alloy Al65Cu20Fe15, in according experimental results 
of the literature, tends to lose crystallinity or occurring the formation intermetallic phase 
during MA [12,13]. It appears that regardless of time of milling, quasicrystals are not 
formed during the processing of Al-Cu-Fe powders. It is a solid-state reaction, different 
to that observed in materials obtained by rapid solidification. The same material treated 
at 350°C the Al7Cu2Fe tetragonal crystal phase is formed. The temperature of 450°C 
only Al7Cu2Fe and AlFe3 phases are formed. Moreover, the quasicrystalline phases 
occur at temperatures above 500°C. 

 
Fig. 4. The XRD patterns of the as-milled Al65Cu20Fe15 with 2 hours of milling. 

The XRD patterns of Fig. 5 performed at room temperature show the evolution 
of the quasicrystalline phase for the same material, heat-treated at 600°C, 650°C, 700°C 
and 750°C. The sample treated at 600°C show λ-Al13Fe4 crystalline phase and ψ-
Al6Cu2Fe quasicrystalline icosaedral phase. From the 650°C is observed to occur β 
phase, that is a solid solution of composition Al(Cu,Fe), with an intensity even lower 
than the phase ψ. At 700°C and 750°C the β phase increases in intensity exceeding the 
amount of phase ψ quasicrystalline, with decrease of λ phase. It is indicated that at 
higher temperatures, above 750°C, decrease of λ phase as seen in the literature [12], 
almost crystalline phase tends to disappear, giving way to phase β, which is not 
interesting, because the goal is to result in a material with higher ψ quasicrystalline 
phase. With the increased intensity of the β phase is a solid solution, which means that 
ψ quasicrystal phase is dissociating at temperatures above 600°C. Therefore, when the 
application of material composition, Al-Cu-Fe, as developed in the study, the ideal 
would be to work in temperatures of up to 600°C. 
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Fig. 5. Performed at room temperature, show the evolution of the quasicrystalline phase 

for the same material, heat-treated at 600°C, 650°C, 700°C and 750°C. 

Fig. 6 represents a typical differential scanning calorimetry curve (DSC) of the 
Al-Cu-Fe alloy (heating rate 10°C/min), heating from 100 to 760°C. Exothermic 
reactions are observed at peak temperatures equal to 350°C, 415°C, 625°C and 730°C.   
Temperatures of 350°C and 415°C are corresponding to the formation of crystalline 
phase Al7Cu2Fe. This crystalline phase has a small difference in number of atoms in the 
unit cell, compared with the quasicrystal phase of order five and is likely to be a 
transition to the quasicrystal. The exothermal reactions at temperatures above 500°C are 
related to the formation of the quasicrystal phase [12]. Similar DSC curve were reported 
by Salimon et. al. [13], vial mechanical alloying, with compositions Al67Cu23Fe10, 
Al67Cu22Fe11 and Al65Cu23Fe12. 

 

Fig. 6. DSC curve of ball-milled Al–Cu–Fe powder [12]. 
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Conclusion 

The present results confirm mechanical alloying, followed compaction of 
powder at room temperature and an appropriate heat treatment as a promising industrial 
production process for icosahedral quasicrystal Al-Cu-Fe alloys. The analysis of 
diffraction provided greater understanding of the parameters of the alloy, showing that it 
is possible to obtain almost crystalline phase composition Al65Cu20Fe15 used. In one 
possible application of the material in this composition, the ideal is to work with 
maximum temperature of 600°C. The results were satisfactory at this stage of the 
research and indicate the paths to be followed for an optimization of the process of 
getting the alloy in future experiments. 
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