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Abstract: Using Al-Si cast alloys in automotive industry also for manufacturing purposes is profitable in many aspects. These alloys are 
important, because reduce vehicle weight also because their good fluidity and corrosion resistance. The contribution describes effect of 
chemical composition of Al-Si cast alloy on intermetallic phases. Controlling the microstructure is very important, because intermetallic 
phases affecting mechanical and fatigue properties. Rate of affecting depends on size, volume and morphology these phases. Formation 
of intermetallic phases depending on chemical composition we studied with combination different analytical techniques (light 
microscopy upon black-white and colours etching, scanning electron microscopy (SEM) upon deep etching and energy dispersive X-ray 
analysis (EDX). For the study were used secondary AlSi9Cu3, AlSi8Zn10Mg and AlSi12Cu1Fe cast alloys. Changes of chemical 
composition of Al-Si cast alloys led to formation different intermetallic phases in these cast alloys.  
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1. Introduction 
The automotive and aircraft industrial needs led to increasing 

application of Al-Si cast alloys thanks to the great potential of these 
materials as replacements for heavier materials (steel, cast iron or 
copper) [1, 2]. Aluminium alloys are ideal materials to replace in 
the car thanks good formability, good corrosion resistance, high 
strength stiffness to weight ratio and recycling possibilities [3].  

In recent years, however, the plenty of waste of aluminium 
alloys increase, therefore as replacing primary alloys are secondary 
(recycled) aluminium alloys used. Application of secondary 
aluminium alloys is important, because the production of primary 
aluminium alloys consume about 45 kWh/kg of metal and the 
production of secondary only about 2.8 kWh/kg of metal. It is to the 
aluminium industry’s advantage to maximize the amount of 
recycled metal, for both the energy-savings and the reduction of 
dependence upon overseas sources. The remelting of recycled metal 
saves almost 95 % of the energy needed to produce prime 
aluminium from ore, and, thus, triggers associated reductions in 
pollution and greenhouse emissions from mining, ore refining, and 
melting. Increasing the use of recycled metal is quite important 
from an ecological standpoint, since producing aluminium by 
recycling creates only about 5 % as much CO2 as by primary 
production [4-6]. Utilization of secondary aluminium alloys 
increase in recent years also due to their comparable properties with 
primary aluminium alloys [7].  

Due to the increasing utilization of recycled aluminium cast 
alloys the necessity for strict microstructural control arises to 
remove the deleterious impact of impurity elements; which is 
considered to impair the overall properties of Al-Si based casting 
alloys. By implementing adaptable alloying- and process 
technology, the mechanical properties will therefore be radically 
enhanced, leading to larger application fields of complex cast 
aluminium components such as safety details. Generally, the 
mechanical and microstructural properties of aluminium cast alloys 
are dependent on the composition; melt treatment conditions, 
solidification rate, casting process and the applied thermal 
treatment. The mechanical properties of Al-Si alloys depend, 
besides the Si, Cu, Mg and Fe-content, more on the distribution and 
the shape of the silicon particles [8]. The presence of additional 
elements in the Al-Si alloys allows many complex intermetallic 
phases to form. Iron is one of the most undesirable impurities, 
which is very common in recycled aluminium alloys [8-11]. It is 
well known that an excess amount of iron in Al-Si casting alloys 
can lead to the formation of the Al5FeSi intermetallic with 
monoclinic crystal structure (the β phase). Al5FeSi phases 
precipitates in the interdendritic and intergranular regions as 
platelets. Al5FeSi needles are more unwanted, because adversely 
affect mechanical properties, especially ductility. The deleterious 
effect of Al5FeSi can be reduced by increasing the cooling rate, 
superheating the molten metal, or by the addition of a suitable 

“neutralizer” like Mn, Co, Cr, Ni, V, Mo and Be. The most 
common addition has been Mn. Excess Mn may reduce Al5FeSi 
phase and promote formation Fe-rich phases Al15(FeMn)3Si2 (know 
as alpha- or α-phase) in form „skeleton like“ or in form „Chinese 
script“ [2,9,11,12]. If Mg is also present with Si, an alternative 
called pi-or π-phase can form, Al5Si6Mg8Fe2. Al5Si6Mg8Fe2 has 
script-like morphology.  

Addition of Mg and Cu led to formation binary intermetallic 
phases (e.g. Mg2Si, Al2Cu), ternary phases (e.g. Al2CuMg) and 
quaternary phases (e.g. Al5Cu2Mg8Si6) [13,14], all of which may 
have some solubility for additional elements.  

The present study is a part of larger research project, which was 
conducted to investigate and to provide a better understanding 
microstructure quality control of secondary (recycled) Al-Si cast 
alloy. A combination different analytical techniques (light 
microscopy upon black-white and colour etching, scanning electron 
microscopy (SEM) upon deep etching and energy dispersive X-ray 
analysis (EDX)) were therefore been used for the identification of 
the various phases. 

2. Secondary Al-Si cast alloys 
Secondary alloys (prepared by recycling of aluminium scrap) 

AlSi9Cu3 and AlSi12Cu1Fe were received in the form of 12.5 kg 
ingots. Experimental material was molten into the chill (chill 
casting). The melting temperature was maintained at 760 °C ± 5 °C. 
Molten metal was before casting purified with salt AlCu4B6 and 
was not modified or grain refined.  

Table 1: Chemical composition of alloys (wt %). 
Materials 
Elements AlSi9Cu3 AlSi12Cu1Fe AlSi8Zn10Mg 

Si 9.4 12.5 8.64 
Cu 2.4 0.85 0.005 
Mn 0.24 0.245 0.181 
Mg 0.28 0.347 0.452 
Zn 1 0.42 9.6 
Ni 0.05 0.039 0.0022 
Fe 0.9 0.692 0.1143 
Pb 0.09 0.055 - 
Ti 0.04 0.026 0.0622 
Cr 0.04 0.023 0.0014 
Sn 0.03 0.01 - 
Hg - - 0.0006 
Ca - 0.001 0.0002 
Cd - - 0.0001 
Bi - - 0.0003 
P - - 0.0001 
Sb - - 0.0007 
Al rest rest rest 

Experimental material AlSi8Zn10Mg were received in the form 
test bars (ø 20 mm with length 300 mm); produced by process sand 

SCIENTIFIC PROCEEDINGS IX INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2012 ISSN 1310-3946

YEAR XX, VOLUME 3, P.P. 23-26 (2012)23



casting. The melt was not modified or grain refined. The chemical 
composition of experimental materials shows table 1. 

Secondary hypoeutectic aluminium cast alloys - AlSi9Cu3 
belongs to materials, which are used in automotive industry for 
dynamic exposed cast, engine parts, cylinder heads, pistons and so 
on [15]. AlSi12Cu1Fe alloys are secondary eutectic materials, that 
are used for complex shape casting, thin-walled casting, pistons for 
rotors, compressor etc. [16, 17]. Recycled AlSi8Zn10Mg casting 
alloys can often be used directly in new cast products for 
mechanical engineering, in hydraulic castings, textile machinery 
parts, cable car components, mould construction or big parts 
without heat treatment [12]. 

3. Experimental work, results and discussions 
The microstructures of experimental material was studied using 

light microscope Neophot 32 and SEM observation with EDX 
analysis using scanning electron microscope VEGA LMU II linked 
to the energy dispersive X-ray spectroscopy (EDX analyzer Brucker 
Quantax).  

Samples for metallographic observations (1.5 cm x 1.5 cm) 
were prepared (wet ground, polished with diamond pastes, finally 
polished with commercial fine silica slurry - STRUERS OP-U) by 
standards metallographic procedures. For study on light microscope 
Neophot 32 were samples non-etched, than etched by standard 
reagent (Dix-Keller, H2SO4, HNO3, HF) and next by colours 
reagent (Weck-Al, Fuss) [17,18]. Samples for metallographic 
observations by using scanning electron microscope were etched 
with reagent HF.  

Some samples were also in order to reveal the three-
dimensional morphology of the silicon phase and intermetallic 
phases deep-etched for 30 s in HCl solution [17]. The specimen 
preparation procedure for deep-etching consists of dissolving the 
aluminium matrix in a reagent that will not attack the eutectic 
components or intermetallic phases. The residuals of the etching 
products should be removed by intensive rinsing in alcohol. The 
preliminary preparation of the specimen is not necessary, but 
removing the superficial deformed or contaminated layer can 
shorten the process. In that prepared samples were phase’s analyzed 
by EDX technique on scanning electron microscope VEGA LMU 
II.  

Alloying elements such as Cu, Fe, Mn, Mg and Zn are added 
either undeliberately, or they are added deliberately to provide 
special material properties. These elements partly go into solid 
solution in the matrix and partly form intermetallic particles during 
solidification. Controlling the microstructure during solidification 
is, therefore, very important. Of primary importance are dendrite 
cell size or dendrite arm spacing, the form and distribution of 
microstructural phases (eutectic structure, the size, volume and 
distribution of intermetallics) and grain size. The defects, the 
morphology of eutectic and the morphology of intermetallic phases, 
as was already mentioned, have an important effect on the ultimate 
mechanical properties of the casting [17, 19-20]. 

3.1. Microstructural control of AlSi9Cu3 cast alloy 

Typical microstructure of the as-cast AlSi9Cu3 alloys, which 
was observed on light microscope, shows Fig. 1. The microstructure 
of recycled AlSi9Cu3 cast alloy consists of dendrites α-phase (light 
grey - a), eutectic (mixture of α-matrix and spherical dark grey Si-
phases - b) and variously type’s intermetallic phases (c- Cu-rich, d - 
Fe-rich).  

In experimental recycled AlSi9Cu3 cast alloy that contains less 
than 0.9 % of Fe and 0.24 % Mn (is executed the ratio Fe:Mn = 2:1) 
were mostly Fe-rich intermetallic phases - Al15(FeMn)3Si2  present. 
This phase has a compact skeleton-like morphology (Fig. 2a). From 
intermetallic phases on base Cu was in AlSi9Cu3 cast alloy 
observed Al2Cu phase. Al2Cu with tetragonal crystal structure 
precipitates in two distinct morphologies: in the form of blocky 
phase (Fig. 2b) with high copper concentration ∼38 - 40 % Cu and 
first of all as fine spheroidal Al-Al2Cu-Si ternary eutectic - Fig. 2c. 

 

Fig. 1 Microstructure of secondary AlSi9Cu3 alloy,  
etch. Dix-Keller 

 

   

a) Al15(FeMn)3Si2 b) Al2Cu c) Al-Al2Cu-Si 

Fig. 2 Intermetallic phases in recycled AlSi9Cu3 cast alloy, etch. HF 

For better identification the structure of secondary AlSi9Cu3 
cast alloy was scanning electron microscope used. SEM 
observations with EDX analysis (combination of identification 
chemical data of each phase with mapping) have been combined to 
produce a simple method for phase identification. X-ray 
microanalysis of the chemical composition with modern SEM 
systems is a very useful technique in microstructural analysis of 
selected microregions of the specimen. Most SEMs in modern 
metallographic laboratories is equipped with x-ray analyzers of 
either the energy-dispersion spectrum (EDX). Due to the strictly 
localized interference of the electron beam and specimen material, 
the identification of the chosen particular phase precipitates may be 
carried out. This facility is of great importance in the case of Al-Si 
alloys, when the intermetallic phases have similar morphology and 
colour during observation under the metallographic light 
microscope. In this situation, X-ray microanalysis is an easy and 
repeatable method to unequivocally verify the phase composition of 
the alloy. The EDX mode of x-ray microanalysis gives fast 
measurements of the local chemical composition results.  

 
 

a) SEM image of phases b) mapping 

Fig. 3 EDX phase analysis in AlSi9Cu3 cast alloy, etch HF 

Fig. 3 shows typical example: a SEM image and X-ray mapping 
of the microstructure of phases in secondary AlSi9Cu3 cast alloy. 
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The EDX analysis revealed that the identified Cu-rich and Fe-rich 
intermetallic phases by using light microscopy are really 
intermetallic phases: Al15(FeMn)3Si2, Al5FeSi, Al2Cu, Al-Al2Cu-Si.  

3.2. Microstructural control of AlSi12Cu1Fe cast alloy 

In the experimental cast alloy AlSi12Cu1Fe (Fig. 4), which has 
12.5 % Si, structure consists of eutectics (eutectic Si in α-phase - a), 
primary Si particles (b) and intermetallic phases (c). It is necessary 
to achieve maximum performance casting mainly affect the 
morphology of eutectic silicon, which is excreted in the form of 
large needles [9]. 

 

Fig. 4 Microstructure of secondary AlSi12Cu1Fe alloy, etch. Dix-Keller 

In experimental cast samples of AlSi12Cu1Fe cast alloy were 
Fe-rich intermetallic phases - Al(FeMn)Si, Al(FeMnMg)Si with 
skeleton-like morphology (Fig. 5a), Al5FeSi in form needles (Fig. 
5a) and Al(FeMg)Si in form massive particles (Fig. 5b) present. 
From intermetallic phases on base Cu was in AlSi12Cu1Fe cast 
alloy observed Al2Cu phase. Al2Cu with tetragonal crystal structure 
precipitates in two distinct morphologies: in the form of blocky 
phase and first of all as fine spheroidal Al-Al2Cu-Si ternary eutectic 
- Fig. 5b. From Mg intermetallic phases were observed intermetallic 
phases in form small spherical particles - Mg2Si (Fig. 5c). 

 

 

 

a) 1-Al(FeMn)Si,  
2-Al5FeSi 

b) 1-Al-Al2Cu-Si, 
 2- Al(FeMg)Si 

c) Mg2Si 

Fig. 5 Intermetallic phases in recycled AlSi12Cu1Fe cast alloy, etch. H2SO4 
 

 

Fig. 6 Line X-ray analysis of intermetallic phases in AlSi12Cu1Fe cast alloy 

To confirm of individual types of intermetallic phases were 
besides X-ray mapping the line X-ray and the point X-ray analysis 
used.  

Fig. 6 shows the line X-ray analysis of intermetallic phases 
Al5FeSi (white) and Al(FeMnMg)Si (black) in AlSi12Cu1Fe cast 
alloy. It can be seen, that logway of line is in structure Al, Si, Fe, 
Mn and Mg. This Figure shows for example, that in the place where 
is Al5FeSi phase increasing the content of Al, Si and Fe and 
decrease the content of Mg, because Mg is in another phase 
(Al(FeMnMg)Si). 

3.3. Microstructural control of AlSi8Zn10Mg cast alloy 

The microstructure of recycled AlZn10Si8Mg cast alloy 
consists of a primary phase, α-solid solution, a eutectic mixture of 
α-matrix and spherical phases (probably silicon) and variously 
type’s intermetallic phases (Fig. 7). The α-matrix precipitates from 
the liquid as the primary phase in the form of dendrites and is 
nominally comprised of Al and Zn. 

 

Fig. 7 Microstructure of secondary AlSi8Zn10Mg alloy, etch. Fuss 

In this aluminium alloy besides the intentional additions, metals 
such as Mg, Fe, Mn and Cu are always present. Even not large 
amount of these impurities causes the formation of a new phase 
component. The exact composition of the alloy and the casting 
condition will directly influence the selection and volume fraction 
of intermetallic phases. Fig. 8 shows tree types of intermetallic 
compounds. These intermetallic particles had different 
morphologies, such as oval (Fig. 8a), skeleton- or script-like or 
“Chinese script” (Fig. 8b) and platelet or needles too (Fig. 8c).  

 

  

a) Al2CuMg b) Mg2Si c) AlFeMn 

Fig. 8 Intermetallic phases in recycled AlSi8Zn10Mg cast alloy,  
etch. Weck-Al 

Than we use point X-ray analysis for better identification of 
intermetallic phases. Fig. 9 shows the point X-ray analysis of 
intermetallic phases in AlSi8Zn10Mg cast alloy. This Figure shows, 
that in the place where is point increasing the peak of Mn, Fe, Ni, 
Cu and Zn content so we can say, that this phase is AlFeMnMgNi.  

In that morphology of Si particles and intermetallic phases has a 
great influence on properties of Al-Si cast alloys is necessary 3D 
morphology of these structural parameters study. Fig. 10 shows the 
3D morphology of eutectic silicon observed by SEM on the deep-
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etched samples. Experimental cast samples were not modified or 
grain refined so eutectic silicon is in AlSi9Cu3 and AlSi12Cu1Fe 
cast alloys in form platelets (Fig. 10a, b).  

 

Fig. 9 Point  X-ray analysis of intermetallic phases in AlSi8Zn10Mg  cast alloy 

By cast alloy AlSi8Zn10Mg silicon phase exhibits a typical fine 
and rosette-like, rather than plate-like form (Fig. 10c). The centre of 
a rosette could be the centre of a eutectic cell/grain, indicating the 
nucleation of the eutectic phases could be independent to the 
surrounding primary α-aluminium dendrites.  

   

a )  AlSi9Cu3 alloy  b)  AlSi12Cu1Fe alloy c) AlSi8Zn10Mg alloy 

Fig. 7 3D morphology of eutectic Si, deep etched, SEM 

4. Conclusion 
The studies of microstructure of secondary cast aluminium 

alloys are very important, because metal quality is for control and 
prediction of casting characteristics necessities. The results of 
optical and scanning electron microscope studies of recycled 
(secondary) Al-Si cast alloys are summarized as follows:  

The secondary cast alloys used in this study possessed a 
complex as-cast microstructure. By using various instruments (light 
microscopy, SEM) and techniques (black-white, colour etching, 
Differential interference contrast and deep etching, EDX analysis) a 
wide range of intermetallic phases were identified.  

The microstructural analyses show that all of the alloying 
element form intermetallic phases. Fe enters the intermetallic 
phases regardless of its concentration in the alloy. Mn usually is 
present in the Fe-containing phases and often substitutes part of Fe. 
Cu makes the intermetallic phases form more compact. Mg forms 
intermetallic phases with Si or Cu. Cu makes the intermetallic 
phases form more compact, Mg skeleton -like and Fe needle-like. 

Si is present a typical platelet-like (in AlSi9Cu3 and 
AlSi12Cu1Fe) or fine rosette-, rather than plate-like form (in 
AlSi8Zn10Mg). 

This study shows, that only small changes of addition elements 
causes the secretion of different intermetallic phases in structure 
and therefore is very necessary the microstructure control of Al-Si 
cast alloys.  
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