
 Powder Metallurgy Progress, Vol.3 (2003), No 2 94 
 

THE HYPEREUTECTIC PM ALLOYS ON THE Al BASE 

J. Ďurišin 

Abstract 
The microstructure of AlSi26Ni8 and AlSi26Ni6Fe2 materials, prepared by 
the hot extrusion of rapidly solidified powders, is compared. The aim of 
this study is to qualify the possibility of partly replacing nickel by iron 
without a negative effect on the Al microstructure. The microstructure is 
observed by the means of light microscopy, scanning electron microscopy 
with EDX analysis and by X-ray diffraction. The Al matrix microstructure 
stability is measured in situ from 20°C to 500°C by X-ray diffraction. The 
structural parameters of AlSi26Ni6Fe2 material is comparable with 
AlSi26Ni8 material and both systems have a good microstructure stability .  
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INTRODUCTION 
The interest in materials based on the hypereutectic aluminium-silicon alloys 

comes  from their low weight, very good yield strength, particularly at increased 
temperatures, high dimensional stability, anticorrosive and tribologic features as well as a 
low thermal expansion coefficient. These properties determine using these alloys for parts 
in automotive engines (pistons, connecting rods,...) and household electric appliances which 
are permanently exposed to elevated temperatures up to 300°C [1].  

One of the characteristic features of hypereutectic AlSi alloy with a substantial 
amount of nickel, are poor technological properties in the foundry process and coarse 
grained structure obtained by traditional process, which completely degrade mechanical 
properties of the alloys [2, 3]. To eliminate this problem, technology based on powder 
metallurgy can be used.  

The AlSi alloys for the elevated temperature applications contain increased 
amounts of elements (Ni, Fe, Cr, ...) with low diffusion coefficients and a low equilibrium 
solid solubility in aluminium, as well, [4]. 

The Ni content in the hypereutectic AlSi alloy improves mechanical properties 
(toughness) and thermal stability of the PM alloy. With aluminium, it forms the fine 
intermetallic Al3Ni phase which is thermally stable below ~ 500°C [5]. Particles of Al3Ni 
dispersively strengthen boundaries of the matrix grain and hinder its growth at elevated 
temperatures. Addition of Fe alloying element refines the Al grain [6]. Fe forms several 
brittle compounds of the AlFeSi type, and also Al3Fe or Al3(NixFe1x) phases which are 
usually insoluble in the solid solution and increase the stability of the grain during 
annealing. Dispersoids forming elements such as silicon and iron are essential to obtain a 
combination of a low thermal expansion and good mechanical properties, but these 
elements are detrimental to the forgeability [7]. Therefore, the Fe content should not be 
high. The effect of finely dispersed intermetallic phases on the thermal stability of the PM 
alloy is conditioned by the fact that these particles must not dissolve or coarsen in the Al-
matrix at elevated temperatures.  
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In this study, the microstructure and microstructure stability of AlSi26Ni8 (AlSiNi) 
and AlSi26Ni6Fe2  (AlSiNiFe) hot extruded materials prepared from a rapidly solidified 
powders produced by atomisation of liquid solution are analysed. The aim of the work is to 
qualify the possibility of partly replacing nickel by iron in AlSiNi powder alloys, that is 
important from an economical point of view.  

EXPERIMENTAL PROCEDURE 
The AlSi26Ni8 and AlSi26Ni6Fe2 powders were produced by rapid solidification, by gas 

atomising of a melt. The compact materials were prepared by compacting the powder (with a 
particle size in the range of 150 – 500 μm) in a container and by a subsequent hot extrusion.                                  

The microstructure of compact materials was examined by light microscopy, 
scanning microscopy with EDX analyses and X-ray diffraction.  The samples investigated by 
X-ray diffraction were phase analysed and the Al matrix microstructure of these materials 
were compared from the point of view of crystallite size and dislocation density at ambient 
temperature and at elevated temperatures. The microstructural analysis was performed in 
order to see the eventual microstructural changes during thermal exposure up to 500°C. The 
crystallite size and internal stresses are calculated by Hall and Williamson-Smallman 
equations [8].   

The diffraction spectra were measured by X-ray diffraction system Philips X’Pert 
Pro equipped with the Cu cathode with positional sensitive detector (X’Celerator) and by 
using the High-Temperature Camera up to 1600°C (HTK 16) which allows measurements 
during thermal exposure in situ. The period of material exposure from 20 to 500°C was 2 
hours and 30 minutes. Measurement conditions: Operational voltage 40 kV and current 
50 mA, divergence slit (slits on cathode side) 0.25 degree. The XRD patterns were taken from 
a width of 2 Theta range from 5 to 100 degrees. In order to achieve a good quality of XRD 
spectra, the step size was set to 0.015 degrees. 

RESULTS AND DISCUSSION 
The microstructure of compacted materials after hot extrusion is observed by 

means of light microscopy. In the microstructure of both materials are observed Si particles 
placed in Al matrix. The Si particle shape is irregular and angular and their size is ranged in 
large scale. In the microstructure, intermittent bands are created. These are formed by the 
presence of bigger and smaller Si particles which are ordered in the direction of extrusion, 
Fig.1 a,b. In the microstructure the pores which originate by cracking of the large brittle Si 
particles are observed, Fig.2.  
 

  
Fig.1. The microstructure of AlSiNi (a) and AlSiNiFe (b) materials. 
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Fig.2. The cracking of Si particles in AlSiNiFe material. 

Fig.3. The point EDX analysis of AlSiNi material. 

 
Fig.4. The linear EDX analysis of AlSiNiFe material. 

The presences of Si particle in the microstructure were confirmed by the point, 
linear and face EDX analyses. The presence of Ni was confirmed by this method, and also 
the presence of Fe in AlSiNiFe material. In Figure 3 the point EDX analyse of AlSiNi 
material is shown and Fig.4 documents the linear EDX analyses of AlSiNiFe system. 
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X-ray diffraction analysis in AlSiNi material, Fig.5, confirmed the presence of Al, 
Si and all reflections of the stable Al3Ni crystalline phase. Reflections of the other minority 
phases are not distinct; therefore their identification is difficult or inaccurate. Only Al and 
Si alloying elements are confirmed in the AlSiNiFe material, Fig.5. Ni and Fe probably 
created intermetallic phases. Their detailed identification is difficult, because their lines are 
not complete, and are of low intensity. Some minority phases are probably metastable, their 
reflections can not be assigned to any of the expected compounds in the given system, and 
no data was found in the diffraction database [9] used. 
 

 
Fig.5. X-ray diffraction patterns of AlSiNi (a) and AlSiNiFe (b) material. 

Results from microstructural analyses of AlSiNi and AlSiNiFe samples (as-
extruded materials at ambient temperature, at various test temperatures, and as-extruded 
material after temperature load) are shown in Table 1.  

Tab.1 Microstructural characteristics of Al matrix. 

AlSi26Ni8 AlSi26Ni6Fe2Test temperature 
[°C] D [nm] ρ [m-2]*1015 D [nm] ρ [m-2]*1015

20 169 1.266 149 0.943 
100 132 0.533 129 0.471 
200 145 0.037 163 0.124 
300 136 0.034 139 0.028 
400 141 0.051 128 0.117 
500 146 0.061 137 0.104 

after cooling - 20 200 3.131 159 2.942 
 
A little reduction of crystallite size and coincidental dislocation density with 

increasing temperature in both materials is observed. It could be explained by annihilation 
and by anchorage of dislocations on dispersoids, where the anchored dislocations create 
thermodynamically more suitable configurations - the boundary of different orientated 
areas – crystallite. This process is known as a recovery or thermally activated refinement of 
structure. Secondary phases originating during atomising and in the process of 
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consolidation stabilize the crystallite size up to higher temperatures, and may play a very 
important role in the resulting mechanical behaviour of compacted material. Dislocations 
not anchored are annihilated, which generally caused the reduction of the middle average of 
dislocation density.   

After cooling down to room temperature by a rate of 100 °C per minute, the 
substructure of Al matrix exhibits almost the same crystallite size like as is measured 
during exposure at 500°C, Table 1. The significant difference from a microstructural point 
of view is based on the increase of dislocation density. These dislocations are thermally 
induced ones caused by thermal gradients inside the specimen.  

CONCLUSIONS 
• The structural parameters of the AlSi26Ni8 material are comparable with the 

AlSi26Ni6Fe2 material. 
• Both materials have good thermal stability of their structure.  
• Nickel can be partially replaced by iron in the given alloy. 
• Iron refines the substructure of the Al matrix, which is important from the viewpoint of 

mechanical properties of the final product. 
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