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The Role of Manganese in the Alloy Based on Al-Si-Mg with Higher Iron Content
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The iron causes the formation of intermetallic phases in Al-Si alloy. These phases are most often present in the
form of AlsFeSi phase platelets and degrade alloys properties, especially mechanical. By applying additive elements
— correctors (e.g. Mn, Cr, V) we can achieve the change of intermetallic phases morphology to more suitable form.
Presented article deals with the influence of manganese as iron corrector on AISi7Mg0.3 alloy microstructure and
length of AlsFeSi phase. The increasing the manganese content reduces the length of AlsFeSi phase, but with higher
contents, mainly the skeletal formations was observed instead of the AlsFeSi phase. The evaluation of mechanical
properties didn’t confirmed, that the higher amount of iron in the alloy significantly decreases a mechanical pro-

perties even with the use of a corrector.
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1 Introduction

The usage of secondary aluminium alloys is currently
increasing mainly due to cost savings and the environ-
ment factor. The secondary Al-Si alloys contain a higher
iron content, which negative affect the properties. The
presence of iron and other elements in the alloy causes the
formation of large intermetallic phases. The rate of nega-
tive effects depends on the size, quantity, distribution and
morphology of intermetallics phases. It is known that the
negative impact of iron intermetallic phases is accompa-
nied by a decrease of the elongation and tensile strength,
which starts even at low amount of iron and significantly
increases after exceeding critical iron content. The cause
of iron intermetallic particles negative effect on the me-
chanical properties is fact, that it is much easier to break
these particles during the tensile loading as aluminium
matrix or small particles of silicon [1-3]. The critical iron
content of the Al-Si alloy is directly related to the concen-
tration of silicon in the alloy and can be calculated:

Feyq: = 0,075 x (% Si) — 0,05 @)

After increasing the iron content above a critical level,
it is necessary to consider a suitable method of its elimi-
nation. It is known several methods for elimination of
iron harmful effect. By the application of the additive ele-
ments can be achieved the change of morphology from
needle-like phases AlsFeSi to the compact shape e.g.
"Chinese script". In technical practice is most used ele-
ments manganese. [4-5]. The manganese is an effective
element in affecting needle iron intermetallic phases. The
recommended ratio of manganese addition to eliminate
the harmful effects of iron, according to several authors
isMn : Fe=1: 2 or if an iron amount exceeds a value of
the mass fraction w = 0.45 %, the recommended addition
of Mn should not be lower than half of the iron amount.
Manganese except eliminating harmful effects of iron
increases the creep resistance and heat resistance thanks

Tab. 1 Chemical composition (wt.%) AISi7Mg0.3 alloy

to phases AlyCuMn;, AligMn3Ni, Al 2MnCr,
Aljs(FeMn);Si; [6-8]. The manganese by the reducing the
amount of B-phase (AlsFeSi) improves the corrosion re-
sistance of the Al-Si-Mg alloys, reduces porosity and
increases the fatigue strength of castings. However, the
addition of manganese to the alloy with a high content of
iron and chromium can cause the formation of the "sludge
phase" which is not possible to remove by conventional
methods. The tendency of alloy to the formation of sludge
phases depends on the content of iron, manganese and
chromium and is given by "sludge" factor" (SF):

SF = 1x% Fe + 2 x% Mn + 3x % Cr 2)

The other additive elements such as Cr, W, Ni, Be are
able to eliminate the harmful effect of the phases after the
addition already in a low concentrations [9-11].

2 Experiments methodology

As the experimental material was chosen AISi7Mg0.3
alloy. The chemical composition is shown in Table. 1.
The material was alloyed by AlFel0 to achieve a higher
amount of iron (approximately 0.7 wt. % Fe). The man-
ganese was added into secondary alloy in an amount of
0.2 wt. %, 0.6 wt. %, 0.8 wt. % 1.0 wt. %, 1.2 wt. %, 1.4
wt. %. The required amount of manganese was achieved
by adding master alloys AIMn20. The chemical compo-
sition of the alloy with the addition of manganese is
shown in Tab. 2. The experimental materials were melted
in an electric resistance furnace in a graphite crucible with
protective coating. The samples were poured into a metal
mould preheated to a temperature of 200 + 5 © C at 760 +
5 © C. The melt was not further modified, grain refined or
purified. The content Ti is 0.18 wt. % and Sr is 0.015 wt.
% in primary state, therefore the alloy can be considered
as grain refined and modified. Basic mechanical proper-
ties (tensile strength, elongation and hardness) and
microstructure of the alloy was evaluated.

AlSi7Mg0.3 7.093 0.099 <0.0020 0072

Mg In/Fe
038 0.0054 0.18 0015 92.14 0.73
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For each alloy the critical amount of iron (1) has been
calculated. The calculated critical amount of iron is given
in Table 2. From caltulated values is evident, that in each
sample was exceeded a critical iron content. The high iron
content and addition of manganese can cause the forma-
tion sludge phases. These phases are undesirable in the
structure of alloy, because of their high hardness and the

ALLOY/ELEMENT

<0.0020 0.309

AlSi7Mg0.3 +0.2 wt. % Mn 7355 0.823

AlSi7TMg0.3 +0.6 wt. % Mn 6916 0.753 <0.0020 0.699

AlSi7Mg0.3 +0.8wt. % Mn 7083 0.684 0.0066 0.704
AlSi7TMg0.3 + 1.0 wt. % Mn 6.670 0.585 0.0027 0.874
AlSi7Mg0.3 + 1.2 wt. % Mn 6.560 0.635 0.0034 1.079

AlSi7Mg0.3 + 1 4 wt. % Mn 6.450 0.629 0.0036 1232

sludge factor

0 02 04 0.6 08 1 12 14
wt. % Mn

Fig. 1 The sludge factor values for individual manga-
nese additions

3 Results

The tensile test was performed according STN 42
0310 for a maximum load of 20 kN and at a constant
crosshead displacement rate of 2 mm/min and a test bar
with a diameter of 10 mm. As a hardness measurement
method was used method according to Brinell. The red
line on graphs (Fig. 2-4) shows the minimum required va-
lues of mechanical properties for AISi7Mg0.3 according
of EN 1706.

The Fig. 2 presents relationship between tensile stren-
gth and amount of added manganese. The addition of
manganese to the investigated alloy with an increased
iron content in amount of 0.2 wt. % to 0.8 wt. % did not
cause increase of tensile strength (Mn/Fe ranged from
0.38 to 1.03 - see Table. 2). The highest average value of
tensile strength was obtained after the addition of manga-
nese by 1.0 wt. % (Mn/Fe = 1.49), probably due to the
presence of the Alis(FeMn)s;Si, phase in the alloy
microstructure. The higher additions of manganese
caused decrease of tensile strength. After addition of 1.2
wt. % Mn and 1.4 wt. % Mn long skeletal and sludge
phases was observed (Figure 7e, ). These particles could
have caused to reduction of tensile strength in 3 %.

The slight increase of elongation after addition of 0.6
wt. % Mn is observed (Fig. 3). On the contrary, the ad-

Tab. 2 Chemical composition (wt.%) AISi7Mg0.3 alloy with increased iron content after adding ofmanganese

I T P S N P T T

melting temperature, since they reduce the fluidity of the
metal and decrease mechanical properties. The Fig. 1 pre-
sents relationship between amount of added manganese
and sludge factor SF (2). Sludge factor indicates how
much of these particles are formed. With the increasing
amount of manganese the sludge phases formation in the
a structure of alloy can be expected.

0.396 0.0062 0.137 0.0086 90.93 038

0.36 0.0059 0.134 0.0043 91.1 093 047
035 0.0098 0.141 0.0077 90.98 1.03 048
0.347 0.0035 0.139 0011 91.34 149 045
0.359 0.0049 0.139 0.0097 91.18 1.70 044
0.354 0.0049 0.135 0.0087 91.16 1.96 043

dition of 0.8 wt. % Mn caused a slight decrease of elon-
gation. The addition of manganese to the alloy of 1.0 wt.
% caused an increase of elongation as well as tensile
strength. In the case of addition of 1.2 wt.% and 1.4 wt.
% manganese to the alloy, result was an decrease of elon-
gation. The difference between the highest and lowest va-
lue reached of elongation was 0.67, a decrease of 30 %.
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Fig. 2 Results of tensile strength of AISi7Mg0.3 alloy
with increased iron content with different additive of

manganese
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Fig. 3 Results of elongation of AISi7Mg0.3 alloy with
increased iron content with different additive of manga-
nese
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Fig. 4 Results of Brinell hardness of AISi7Mg0.3 alloy

with increased iron content with different additive of
manganese
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The measurements of hardness showed that by incre-
asing the manganese content in the alloy with higher con-
tent of iron leads to a slight increase of hardness in
average of 30 %. The highest value of hardness was
achieved after the addition 1,2 wt. Mn — 71,6 HBW and
1,4 wt. % Mn — 72 HBW (Fig. 4). Higher hardness can be
caused by the presence of sludge formations in the
structure of alloys, that exhibit hardness 800-1000 HV,
but also iron phases which are distributed in the structure
of the alloy. The difference between the minimal value
HBW in cast state and lowest reached value is 3 %.

The influence of manganese in the A1Si7Mg0.3 alloy
with increased iron content was investigated for purpose
to describe a change in the shape of iron-based interme-
tallic phases after the addition of manganese. The mea-
surements of length needle-like phases by 500 x magnifi-
cation was performed. The Fig. 5a) presents relationship
between measured values length of iron-based interme-
tallic phases and amount of added of manganese.

Additive of Mn [wt. % )/actual Length of needle AlsFeSi phase
amount of Mn in the alloy [rum]
0 2797
02 29.19
06 1332
08 1344
L J
1 14.17
12 13.03
1.4
14 1053

Fig. 5 a) The results measuremed of length AlsFeSi phase after adding manganese, b) The results of lenght AlsFeSi

phase

The addition 0.2 wt. % Mn did not caused the length
decrease of the AI5FeSi phase (Fig. 7a). The length decre-
ase of the AlsFeSi by higher amount of Mn was observed.
Manganese addition in amount of 0.6 wt. % caused the
length decreasing of the AlsFeSi by more than half (Fig.
7b). The higher additions of Mn doesn’t have significant
effect to decreasing the length of the AlsFeSi phase (Fig.
5b).

The Fig. 6 a) presents the typical microstructure

a)

AlSi7Mg0.3 alloy. The microstructure is formed by o-
phase dendrites, silicon eutectic and iron based interme-
tallic phases excluded in the form of Chinese script small
particles. In the microstructure of alloy with increased
amount of iron 0.7 wt. % (Fig. 6 b), but without added
manganese are mostly iron based particles in the form of
AlsFeSi needles. In brackets is shown the actual amount
of Mn in the alloy from Tab. 2.

b)
Fig. 6 a) Typical microstructure AISi7Mg0,3 alloy, b) AlSi7Mg0,3 alloy with increased amount of iron 0.7 wt. %, etch.
0,5 % HF
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Fig. 7 Microstructure AISi7Mg0,3 alloy after adding manganese, etch. 0.5 % HF additive of: 0,2 wt. % Mn (actual con-
tent 0,309 wt.% Mn), b) 0,6 wt. % Mn (actual content 0,699 wt. % Mn), c) 0,8 wt.% Mn (actual content 0,704 wt. %
Mn), d) 1,0 wt. % Mn (actual content 0,874 hm. % Mn), e) 1,2 wt. % Mn (actual content 1,079 wt. % Mn), f) 1,4 wt.

%Mn (actual content 1,232 hm. % Mn)

Manganese addition in amount of 0.2 wt. % into alloy
with increased iron content didn’t lead to change of
morphology needle phase of AlsFeSi to the less harmful
shape of skeleton particles or Chinese script. In the
structure of the alloy were located AlsFeSi phase in the
form of thin needles (Fig. 7a). The smaller skeletal par-
ticles began to appear after addition of 0.6 and 0.8 wt. %
Mn, but the predominant representation had intermetallic
phases based on iron, probably small AlsFeSi phases
evenly distributed in the aluminium matrix (Fig. 7b and
7¢). EDX analysis of the skeleton particles of

Al;s5(Fe,Mn);Si, phase is shown in Fig. 8. More of skele-
ton formations probably of Al;s(FeMn);Si, phase mostly
in interdendritic areas after addition of 1.0 wt. % Mn was
observed (Fig. 7d).

When increasing the content (1.2 and 1.4 wt. % Mn),
probably needle AlsFeSi phase in the alloy structure was
observed. The structure was predominantly formed of
small skeletal crystals or long skeletons in the case of ad-
dition of 1.4 wt. % Mn. The presence of significant
amounts of manganese caused the formation of sludge
formations (Fig. 7e and 7f).
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009
SEM MAG: 2099 x HV: 30.0 KV WD: 25.0 mm

Fig. 8 EDX analysis of skeletol phases in AlISi7Mg0.3 alloy with 0.7 wt. % Fe and 0.6 wt. % Mn

4 Conclusions

The adding of manganese into alloy lead the slight
decrease of tensile strength, elongation and the slight
increase of hardness. The higher addition of Mn promote
to shorten length of needle AlsFeSi phase. The additions
of Mn (1,2 wt. % a 1,4 wt.%) with higher additions (1.2
wt. % and 1.4 wt. % Mn) and the AlsFeSi phase is pro-
bably replaced by the Aljs(FeMn)s;Si» phase in the form
of skeleton formations.The evaluation of mechanical pro-
perties didn’t support the opinion, that the higher amount
of iron in the alloy significant decrease of mechanical
properties even with the use of a corrector. By evaluating
the mechanical characteristic wasn’t clear support for the
opinion that the higher the amount of iron in the alloy
examined significantly reduces the mechanical properties
even with the use of a corrector. We can conclude that
manganese has a significant effect on elimination harm-
ful iron phases.
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