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ABSTRACT

Purpose: This paper was to determine the effect of different manganese addition contents 
from 0.2 to 1.0 wt.% on the microstructure, HB hardness and selected mechanical properties 
(UTS; YS; EL) of AlSi10MnMg alloy with increased iron content (about 1.0 wt.%). The proportion 
of iron in the studied alloy is so high because approx. 50% of the charge came from secondary 
materials.
Design/methodology/approach: Chemical composition tests were performed using 
a Foundry Master Compact 8 emission spectrometer. Static tensile testing at ambient 
temperature was carried out according to PN-EN ISO 6892-1 on an Instron 3382 using a 
20:1 ratio and a constant tensile speed of 5 mm/min-1. Tensile strength (UTS), conventional 
yield strength (YS), and per cent elongation after rupture of a proportional sample (EL) were 
determined from this test. Brinell hardness measurement was performed on a Zwick ZHF1, 
with a loading force of 250 N, with a 5 mm diameter ball for 35 s. Ten measurements were 
taken, discarding the two outliers, and the arithmetic mean was calculated from the remaining 
measurements. Metallographic studies were conducted on a MeF-2 Reichert light microscope. 
X-ray microanalysis studies were carried out on a Hitachi S-3400 scanning microscope coupled 
to an EDS Voyager X-ray spectrometer equipped with an SE secondary and BSE backscattered 
electron detector. Chemical composition analysis was performed by energy dispersive X-ray 
microanalysis (EDS) using a Thermo Noran detector.
Findings: Increased iron content in aluminium-silicon alloys is a major concern. It causes a 
significant reduction in the mechanical properties of the materials. This is due, among other 
things, to the increasing scarcity of primary materials (high cost and environmentally unjustifiable) 
versus the increasing share of recycled materials. Based on the study, AlSi10MnMg(Fe) 
alloys obtained under pressure with higher iron content (about 1% wt.), the optimal value of 
manganese addition is about 0.58% wt.
Practical implications: This research has shown that it is possible to use recycled Al-Si 
materials. The article presents one way to reduce the negative impact of iron addition to 
aluminium alloys as a result of reusing this type of material.
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Originality/value: The article presents the effect of manganese addition on the selected 
aluminium alloy. It was determined that the addition of manganese in the amount of 0.58% wt. 
causes a significant reduction in the negative effect of iron phases. The article is intended not 
only for the academic community but also for specialists in the foundry industry.
Keywords: Die casting, AlSi10MnMg(Fe) alloy, Microstructure of Al-Si, Iron-containing 
intermetallic phases
Reference to this paper should be given in the following way: 
J. Piątkowski, M. Hejne, R. Wieszała, Influence of manganese content on the microstructure 
and properties of AlSi10MnMg(Fe) alloy for die castings, Archives of Materials Science and 
Engineering 123/1 (2023) 5-12. DOI: https://doi.org/10.5604/01.3001.0053.9750

MATERIALS

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Introduction 

 
Aluminium-silicon alloys of approximately eutectic 

composition with the addition of manganese and magnesium 
are most often used for the production of die castings for 
parts of internal combustion engines (e.g., head covers) or 
components of body and chassis support structures  
(so-called structural details). They are found under various 
trade names such as Silafont, Aural, and Castaman [1-5], in 
which the addition of magnesium is in the range of 0.2 to 0.4 
wt.% and facilitates separation processes during heat 
treatment to the T6 state [6,7]. Adding manganese improves 
fatigue strength and plastic properties (especially for thin-
walled structural parts) and reduces pressure mould welding.  

These alloys also have an increased iron content (up to 
about 1.2 wt.%.), especially when the feedstock materials 
are of secondary origin [8,9]. Due to the EU's stricter 
policies on environmental issues, the degree of secondary 
materials will continue to increase in the coming years. Its 
increased proportion results in the crystallisation of brittle 
and morphologically unfavourable phases of the AlXFeYSiZ 
type, the worst of which, due to its propensity to form 
microcracks, is Al5FeSi, often referred to as the -Fe phase 
[10-14]. Various additives are introduced to reduce the 
crystallisation of iron phases, the most common of which is 
manganese. It causes the transformation of -Al5FeSi phases 
into AlX(Fe, Mn)YSiZ type phases, which most often produce 
Al15(Fe, Mn)3Si2 or Al12(Fe, Mn)3Si2, greatly reducing the 
negative effects of iron. A multicomponent eutectic 
(Al)+Al(Fe, Mn)Si containing an Al19Fe4MnSi2 phase 
considered isomorphous to Al20Fe5Si2 can also crystallise. 
In these phases, manganese atoms occupy the positions of 
iron atoms [15]. The type of morphology of the Al15(Fe, 
Mn)3Si2 phases, as reported in studies [16-18], varies and 
depends on the manganese content and the degree of 
overcooling of the alloy T. At high T, -Al15(Fe, Mn)3Si2 

crystallises in the form of compact polygons and at slower 
cooling - in the form of the so-called "Chinese script." When 
introducing elements into Al-Si alloys to reduce the negative 
impact of iron phases, the so-called "sludge factor" and the 
Mn/Fe quotient are also important, the values of which are 
determined differently depending on the type of alloy, the 
technology of its preparation and the metallurgical purity of 
the batch components [19-22]. 

The literature presents many ways to reduce the negative 
impact of iron on the structure of aluminium-silicon 
materials, such as changes in the casting process, ageing or 
the introduction of appropriate additives to the material. It 
should be remembered that each time, the method is 
selected, depending on the final product itself as well as 
adapted to the technological process. The research results 
presented in the article relate directly to the manufacturing 
process of engine parts for mass production [23-25]. 

This study aimed to determine the effect of different 
manganese addition contents from 0.2 to 1.0 wt.%) on the 
microstructure, HB hardness and selected mechanical 
properties (UTS; YS; EL) of AlSi10MnMg alloy with 
increased iron content (about 1.0 wt.%). The proportion of 
iron in the tested alloy is so high because approx. 50% of the 
loads came from secondary materials [26,27].  

To realise the adopted goal, the scope of the research 
included:  
 metallographic studies,  
 HB hardness tests and selected mechanical properties,  
 results of slurry ratio and Mn/Fe quotient,  
 summary and conclusions. 

 
 

2. Testing methodology 
 
The test specimens were cast on a Buhler Carat 3000 cold 

chamber testing machine. The pouring speed in the pouring  

1.   Introduction

2.  Testing methodology
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Table 1. 
Averaged results of the chemical composition of the AlSi10MnMg(Fe) alloy 

Alloy label Si Mn Mg Fe Ti Zn Cr Sr, ppm other Al 
A 10.96 0.14 0.38 0.94 to 0.08 to 0.08 to 0.04 ca.140 to 0.05 rest 
B 10.22 0.37 0.30 0.99 to 0.08 to 0.06 to 0.05 ca.130 to 0.05 rest 
C 9.88 0.58 0.34 0.92 to 0.08 to 0.06 to 0.04 ca.130 to 0.05 rest 
D 10.84 0.77 0.41 1.02 to 0.08 to 0.08 to 0.05 ca.140 to 0.05 rest 
E 10.55 0.92 0.36 0.97 to 0.08 to 0.08 to 0.05 ca.140 to 0.05 rest 

 
 
gap is 300 cms-1, the piston path is 150 mm, the holding 
time in the mould is 60 s, the full cycle time is about 110 s, 
and the alloy temperature about 750°C. The alloy was 
modified with AlSr10 mortar (approx. 0.01 wt.% Sr). The 
tests were carried out in the post-T6 condition:  
 supersaturation: 4755°C/6h/ cold water cooling, 
 artificial ageing: 1705°C/3h/ageing in air.  

Chemical composition tests were performed using a 
Foundry Master Compact 8 emission spectrometer. Static 
tensile testing at ambient temperature was carried out 
according to PN-EN ISO 6892-1 on an Instron 3382 using a 
20:1 ratio and a constant tensile speed of 5 mm/min-1. 
Tensile strength (UTS), conventional yield strength (YS), 
and per cent elongation after rupture of a proportional 
sample (EL) were determined from this test. Brinell 
hardness measurement was performed on a Zwick ZHF1, 
with a loading force of 250 N, with a 5 mm diameter ball for 
35 s. Ten measurements were taken, discarding the two 
outliers, and the arithmetic mean was calculated from the 
remaining measurements.  

Metallographic studies were conducted on a MeF-2 
Reichert light microscope. X-ray microanalysis studies were 
carried out on a Hitachi S-3400 scanning microscope 
coupled to an EDS Voyager X-ray spectrometer equipped 
with a SE secondary and BSE backscattered electron 
detector. Chemical composition analysis was performed by 
energy dispersive X-ray microanalysis (EDS) using a 
Thermo Noran detector.  

Qualitative phase analysis was performed using the 
ICDD file and the HSC program. Rietveld analysis used the 
DBWS 9807 program, and the Pearson VII function was 
used to describe the profile of the diffraction lines.  

X-ray studies were performed using a Philips X`Pert 
diffractometer, using a λCuKα ‒ 1,54178 Ǻ lamp, (graphite 
monochromator for the wavelength from the copper anode) 
powered by 30 mA at 40 kV. The registration was performed 
using the "step-scan" method with a step of 0.04° and a 

counting time of 10 s, in the 2θ angle range of 20° to 140°. 
The gap on the incident beam was 1°, and on the deflected 
beam was 2°. Soller slits of 0.04 mm were used.  

 
 

3. Results analysis 
 
AlSi10MnMg(Fe) alloy was used for the study, and the 

individual castings, numbered 1 to 5, differed only in 
manganese content. For each material tested, 6 castings were 
made, and the results presented are averages. Table 1 shows 
the chemical composition of the alloys studied, and the 
microstructures are presented in Figure 1.  

Observation of the microstructure of AlSi10MnMg(Fe) 
alloy (A), where the manganese content was 0.14%, shows 
that iron crystallises in the form of long (about 200 m), 
lamellar phases -Al5FeSi (Fig. 1a). Their morphology 
makes them unfavourable phases, lowering the mechanical 
and especially plastic properties of Al-Si alloys. In modern 
mechanical vehicles, such structures are unacceptable, as 
they would lead to rapid damage to selected components 
through cracking. When the manganese content was 
increased to 0.37% (sample B) and 0.58% (sample C), the 
phase was found to crystallise in the form of dendritic or so-
called "Chinese script" (Figs 1b, 1c), while when the 
proportion of manganese content was further increased to 
0.77% (sample D) and 0.92% (sample E), in the form of 
compact lumps, as shown in Figures 1d and 1e.  

Additional chemical tests and analysis of the XDR X-ray 
diffractogram revealed that after the introduction of 
manganese, the proportion of -Fe phases decreased in favour 
of -Al15(Fe, Mn)3Si2 phases, as presented in Figures 2, 3. 

A static tensile test was performed in the following part, 
and a Brinell hardness test was carried out. Based on the 
tests, the values of mechanical properties (UTS; YS; EL) and 
hardness of the tested alloys with the chemical composition 
shown in Table 1 were obtained. Figure 4 shows the obtained 
test results. 

3.  Results analysis
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a)  b) 

     
c)  d) 

   
e) 

 
 

Fig. 1. Microstructure of the tested alloy at × 200 magnification, with different manganese content, according to Table 1: 
a) alloy (A), b) alloy (B), c) alloy (C), d) alloy (D), e) alloy (E) 
 

According to the adopted purpose of the study, the values 
of the sludge factor (SF) and the Mn/Fe quotient were 
calculated for the studied alloys, as shown in Table 2. In the 

results of the SF factor, the proportion of chromium content 
was omitted since, according to the data in Table 1, it is 
below 0.05 wt.%. 
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Fig. 2. Microstructure and results of microanalysis of 
chemical composition of (E) alloy 

 
Polygons, combined with -Fe phases, result in the 

formation of sludge, which is quite difficult to remove by 

conventional processes or metallurgical methods. To 
prevent this, the so-called "sludge factor" (SF - sludge 
factor) is calculated, the value of which depends on the 
proportion of iron, manganese, and chromium (if present in 
the alloy) and is determined by the relation [18]: 

 
SF = wt.%. Fe + 2 wt.%. Mn + 3 wt.%. Cr [%]  
 
Table 2.  
Results of sludge factor (SF) and Mn/Fe quotient values  
of AlSi10MnMg(Fe) alloys with different manganese 
contents 

Alloy 
label wt. %.Fe wt. %.Mn SF Mn/Fe 

A 0.94 0.14 1.22 0.149 
B 0.99 0.37 1.73 0.374 
C 0.92 0.58 2.08 0.630 
D 1.02 0.77 2.56 0.755 
E 0.97 0.92 2.81 0.948 

 
It is generally accepted that for Al-Si-Mn alloys SF 

should be about 1% (for castings obtained by gravity) and 
about 2% ‒ for die castings. The study shows that such SF 
value was obtained for a content of 0.58wt. %.Mn (with 
about 0.92wt. %.Fe). Also important is the manganese/iron 
quotient, which is about 0.63 at the optimal SF content  
(Tab. 2). A higher value of SF and the Mn/Fe quotient cause 
the -Al15(Fe, Mn)3Si2 phase to start taking the form of thick 
lumps (Fig. 1), negatively affecting the mechanical 
properties of the tested alloys (Fig. 4). 

 

 

 
Fig. 3. XRD X-ray diffractogram of (E) alloy 
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a) 

 
b) 

 
c) 

 
 
Fig. 4. Results: a) conventional yield strength (YS), tensile 
strength (UTS), b) relative elongation (EL), c) Brinell 
hardness 

 
 

4. Conclusions 
 

AlSi10MnMg(Fe) alloy with increased iron content 
(about 1% wt.) and increasing manganese content (from 
about 0.2 to 1.0% wt. in 0.2% increments) was selected for 
the study. General literature data show that manganese is the 
most common additive in silicas, the presence of which is 
intended to change the unfavourable morphology of -Fe 
type phases into -Fe, Mn type phases. The increased iron 

content, in turn, is a result of the increasing share of 
secondary raw materials at the expense of primary ones, 
which is in line with current trends of the growing 
importance of a closed-loop economy.  

Based on the study, the following final conclusions were 
made:  
1. For the studied AlSi10MnMg(Fe) alloys obtained under 

pressure with higher iron content (about 1% wt.), the 
optimal value of manganese addition is about 0.58% wt.  

2. A higher proportion of manganese addition causes the -
Al15(Fe, Mn)3Si2 phase with the morphology of the so-
called "Chinese script" to start taking the form of thick 
lumps - which is unfavourable.  

3. For the studied AlSi10MnMg(Fe) alloys, the optimal 
value of the SF ratio is about 2%, while the Mn/Fe 
quotient is about 0.6.  

4. Exceeding these values results in the formation of 
unfavourable sludge, which reduces the strength and 
plastic properties. 
It should be remembered that in the years to come, the 

problem of silumin iron contamination will continue to 
grow. This is due to the EU's environmental policy, which 
forces the use of recycled materials. On the one hand, there 
are plans to stop the production of piston internal 
combustion engines for automotive use in 2035, but this is a 
long way off, and secondly, on average, vehicles are 
currently in service for more than 15 years, which requires 
the preparation of an adequate number of spare parts. In 
addition, internal combustion engines are expected to stop 
being used in automotive vehicles and not in other industries 
such as air transportation. Piston engines used in small 
aircraft are similar in design to automotive engines, and 
therefore the demand from industry for research in this 
direction is constant and will continue to be needed for many 
years to come. 
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