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Abstract: The quality of aluminum casts is necessary in order to reach sufficient 

properties required for application. The decreasing in the properties of aluminum cast 

mainly related with microstructure, especially with size and morphology of second 

phases. One of such second phases in aluminum alloys are the β-phases. These 

phases are unwonted mainly because of the decreasing of mechanical properties. The 

contribution is deal with influence of addition of Mn to affecting the formation of β-

phases in the AlSi7Mg0.3 and AlSi7Mg0.6 cast alloys. These materials are used for 

application especially automotive industry. The results shows, that addition of Mn is not 

sufficient for affecting of formation of the Fe-rich phases in AlSi7Mg0.6 cat alloys, but 

in the AlSi7Mg0.3 this addition lead to changes in formation of Fe-rich intermetallic 

phases.  

Keywords: secondary aluminum alloys, intermetallic phases, addition of Mn, quality of 

casts 

 

 

 

1. INTRODUCTION 

While secondary aluminum alloys are beneficial for practical, economical, and ‘carbon- 

footprint’ points of view, their increased iron content is still the key obstacle to a 

widespread use in casting applications which require high ductility (Bosch et al., 2014). 

The detrimental effect of β-Al5FeSi intermetallics phases on the mechanical properties 

of Al-Si alloys is well known and therefore the iron content is strictly limited. The high 

iron contents lead to formation of very large Fe-rich needles and can extend up to 

several millimeters in length. Therefore, it is necessary to known that under normal 

casting conditions and with moderate Fe levels, these intermetallics grow more typically 

in the size range of 50 – 500 µm. In castings with very high cooling rates and/or when 

using low Fe levels (e.g. primary alloy ingot), the intermetallic particles are typically of 

the order of 10 - 50 µm (Bosch et al., 2014; Shabestari, 2004; Taylor, 2012).  
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The prevention for avoiding to formation of β-Al5FeSi intermetallics phases by 

increasing the cooling rate, superheating the molten metal, or by the adding “iron 

correctors” = “neutralizer” like Mn, Co, Cr, Ni, V, Mo and Be. For large-scale industrial 

usage, the Fe correction with Mn is accepted as the preferred economical solution due 

to its easy and uncritical implementation, and its relatively low price compared to other 

potential neutralizers. In addition, manganese helps to prevent die soldering during 

processing. 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“ (Bosch et al., 2014; Shabestari, 2004; Taylor, 2012; Bidmeshki et al., 

2016). The size and amount of Al5FeSi also contribute to the formation of solidification 

defects, such as porosity and hot tearing (Puncreobutr et al., 2014). The commonly 

used assessment of such dimensions are quantitative image analysis (Vaško, 2016; 

Bilewicz et al., 2013; Belan, 2014, Zatkalíková, 2017). These methods provide 

numerical and accurate values of microstructural features. The critical iron content (in 

wt. %) for an alloy can be calculated using (1) (Rana et al., 2012; Taylor, 2004): 

 

Fecrit≈ 0.075 x [%Si] – 0.05.      (1) 

 

If the iron content exceeds 0.45 wt.%, it is reported that the manganese content should 

not be less than half of the iron. The addition of Mn to melts with high iron levels can 

also promote the formation of sludge, if the sludge factor (derived by [%Fe] + 2[%Mn] 

+ 3 [%Cr]) exceeds a particular value for a given alloy and melt holding temperature. 

This is a serious problem for die-casters who use low melt temperatures and high 

impurity secondary alloys (Rana et al., 2012; Shabestari, 2004; Taylor, 2004 and 2012). 

Excess amounts of Mn, however, deteriorate the mechanical properties by increasing 

the total amount of iron-containing intermetallic phases (Hwang, 2007). 

Therefore, it is important to study how Mn addition affected the formation of Fe-rich 

needles and so influence the properties of Al-Si castings. 

 

2. METHODOLOGY OF RESEARCH 

The bars (with dimension 300 x 20 mm) from experimental alloys were produced by the 

gravity casting technique and casted into the sand mold in company Uneko Ltd., Zátor, 

Czech Republic. The experimental bars were made from aluminum scrap of AlSi7Mg 

alloys. The aim of casting was to produce bars from two typical secondary aluminum 

cast alloys: AlSi7Mg0.3 (alloy A) and AlSi7Mg0.6 (alloy B) with higher content of Fe 

about 0.45 wt. % and different Mn contents (alloy A+Mn and B+Mn) for evaluation of Mn 

effect to changes of size and area fraction of microstructural features (especially: 

porosity and Fe-rich phases). The chemical composition of these experimental 

materials was quantified using spectroscopy analysis on SPECTROMAXx and is shown 

in Table 1. 

The metallography observations of morphology and dimensions of microstructural 

features changes, due to the effect of Mn addition, was done by using an optical 

microscope (SDAS factor, are size of pores and Fe-rich phases in form of skeleton-like, 

length of Fe-rich needles phases, and area fraction of each microstructural features). 

The samples were prepared by standard metallographic procedures. The SDAS factor 

was measured using the sewgment length 12 cm and the number of dendrites salient 

was calculated. For calculation was used the formula (2) (Djurdjevič et al. 2012, 

Foundry lexicon). 
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SDAS = L/(n*M)        (2) 

 

where: L - length of segment; n - the number of dendrites salient; M - magnification 

 

Table 1 

The chemical composition of experimental alloys, wt. % 

Alloy Si Fe Cu Mn Mg Zn Cr Pb Ti Al 

A 7.34 0.454 0.021 0.009 0.302 0.02 0.002 0.005 0.118 balance 

A+Mn 7.051 0.45 0.021 0.122 0.258 0.016 0.002 0.005 0.112 balance 

B 7.097 0.429 0.013 0.044 0.466 0.002 0.002 0.005 0.119 balance 

B+Mn 6.881 0.29 0.011 0.149 0.596 0.002 0.003 0.005 0.103 balance 

 

For the quantitative analysis of area size, length and area fraction of microstructural 

features, the NIS Elements software with camera Nikon digital sight DS-U2 was used. 

The results of quantitative analysis represent the average values of the measured data 

for each measured dimensions. 

 

3. RESULTS AND DISSCUSION 

 

3.1. Metallography observation 

The microstructure of experimental materials correlate with binary phase diagram of Al-

Si system and consists of the solid solution of Si in Al - matrix - dendrites of the α-phase, 

eutectic (a mechanical mixture of eutectic Si and α-phase) and intermetallic phases 

different chemical compositions (Fig. 1).  

Methods used for identification of intermetallic phases in the microstructure of 

experimental materials (Fig.1) confirmed the occurrence of Fe- and Mg-rich phases: 

Al5FeSi (needles-like form), AlFeMgSi (skeleton-like form or script-like form), and Mg2Si 

(script-like form).  

The alloy A have more visible the great Mg2Si phases particles and Fe-rich phases in 

form skeleton-like than in others experimental alloys (Fig. 1). After addition of Mn these 

above mentioned phases were observed in form smaller and fragmented particles (Fig. 

1a,b).  

The greater content of phases in form skeleton-like and script-like were observed in 

alloy B (Fig. 1c). After addition of Mn (alloy B+Mn) were observed longer phases in form 

skeleton-like (Fig. 1d). The formation of needles phases in both experimental materials 

in as-cast state correlate with the less content of Mn in materials (alloy A and B). The 

producer did not comply the condition of higher manganese content than half of the iron 

(table 1). After addition of Mn (alloy A+Mn and B+Mn) phases in form needles were 

coarsened (Fig. 1b, d) comparison to alloys in as-cast state. The metallography 

assessment shows that alloy A have a larger phases comparison to alloy B. The 

opposite effect was recorded for alloys after addition of Mn when alloy A+Mn have smaller 

phases comparison to alloy B+Mn.  
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a) b) 

  

c) d) 

Fig. 1. The microstructure of experimental alloys, etch. H2SO4 

a) Alloy A; b) Alloy A+Mn; c) Alloy B; d) Alloy B+Mn 

1-matrix; 2-eutectic; 3-Fe skeleton-like phases; 4-Fe needles phases; 5-Mg2Si 

 

3.2. Quantitative analysis 

The quantitative analysis of area fraction of microstructural features shows different 

results for both experimental materials (Fig. 2). The alloys A have the same area 

fraction of porosity and decreasing area fraction of both Fe-rich phases. The addition 

of Mn lead to decreasing amount of Fe-rich needles, but the great decreasing was 

observed also for Fe-rich skeleton-like phases which correlate with small amount of 

Mn. It can by stated that decreasing amount of Fe-rich phases will lead to better 

mechanical properties. The quantitative assessment of area fraction of alloy B for both 

state shows different changes. Despite the requirement of half the Mn (table 1) content 

the materials after Mn addition shows increasing content of Fe-rich phases. The 

porosity area fraction was decreasing. These changes will probably lead to decreasing 

properties such materials.  

The assessment of area size and length of microstructural features shows that 

secondary dendrite arm spacing (SDAS) factor is similar for each experimental 

materials (Fig. 3). The area size of porosity have increasing tendency. The lowest is 

in alloy A and the highest in alloy B+Mn. The difference represents 92.1% lower area 

size in alloy A (Fig. 3). 
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Fig. 2. The results of quantitative analysis (area fraction) of experimental alloys 

 

The length of Fe-rich needles is decreasing with using Mn addition for both 

experimental alloys (Fig. 3). The length in alloy A+Mn was decreasing of about 28 % 

comparison to alloy A. In material B+Mn is decreasing of about 27 % comparison to alloy 

B. Also it can by write that material A have lower length of these phases than alloy B in 

both state (without and with addition of Mn). The assessment of area size of Fe-rich 

phases in from skeleton-like shows that in alloy A decrease their area size from 104 

µm2 (for alloy A) to 70.6 µm2 (for alloy A+Mn). In alloy B the addition of Mn lead to 

increasing area size of these phases from 113.6 µm2 (for alloy B) to 266 µm2 (for alloy 

B+Mn). This quantitative assessment shows that the material A in as-cast state or in state 

after addition of Mn will probably have better properties as materials B, in spite of the 

fact that alloy A have not respected ratio of Mn:Fe = 0.5, but alloy B these ratio have. 

 

  

Fig. 3. The results of quantitative analysis (area size, length) of experimental alloys 
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4. CONCLUSION 

The results of assessment of Mn addition influence to the quality of secondary 

aluminum alloys reflected: 

- The metallography observation shows that alloy A have the largest secondary 

phases (Fe-rich phases) and the eutectic is coarsened, too. The alloy A+Mn  has 

the finest morphology of all microstructural features comparison to other 

experimental alloys.  

- The quantitative analysis shows that the lowest length of Fe-rich needles 

phases and area size of Fe-rich skeleton-like phases, also are fraction of both 

phases are in alloy A+Mn. 

The study shows that alloy A+Mn have the vest size and morphology of secondary 

phases. The porosity (area fraction and size) is the smallest in alloy A. therefore can by 

assumed that better mechanical properties have alloy A and the Mn addition lead to 

formation of optimal microstructure. 
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