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Aluminum alloys are often contaminated with non-metallic inclusions. A large number of these phases accelerate
the tendency of porosity in castings, significantly reduce corrosion resistance and above all affect mechanical prop-
erties. Melting is one of the conventional methods for removing inclusions from melt. The efficiency of this process
is influenced by several parameters such as the chemical composition of the melt, the amount of refining substances
(wire, salts, tablets), the melting point and the casting method. Therefore, an experiment was performed to evalu-
ate the effect of PROBAT FLUSS MIKRO 100 on the structural integrity in AISi10Mg alloy. Porosity evaluation
was performed by light microscopy. To confirm the results and their reflexes into the practical production of

castings, a static tensile test was performed on the cast samples directly in the foundry operation.

Keywords: AlSi10Mg alloy, casting defects, porosity, static tensile test

1 Introduction

Foundry alloys based on aluminum are widely used
to produce a wide variety of castings in mechanical en-
gineering, such as components for aircraft power
units, aircraft fuselage, and especially for the automo-
tive industry in general. These alloys are characterized
by excellent technological properties that ensure the
reliability of their function in difficult conditions. It is
possible to talk about parts of internal combustion en-
gines, etc. For this purpose, alloys based on binary sys-
tems Al-Si and Al-Mg and their alloying with various
additives are used.

It is generally known that aluminum alloys dis-
solve hydrogen during its preparation by melting. The
hydrogen content of the liquid metal is determined by
the temperature and melting time regimes and the rate
of use of the melting means to prevent the melt from
over-saturating with hydrogen. As a subsequent pro-
cess step after the alloy melting, it is the melt degassing
to reduce the amount of hydrogen contained in the
melt significantly. Typically, degassing is effected by
introducing chlorine compounds into a melt, for ex-
ample, magnesium chloride MnCl> or more efficient
hexachloroethane C>Cls. As a result of the interaction
of these compounds with hydrogen, HCI vapors are
formed which evaporate from the melt. There are
other means and methods for reducing the hydrogen
content of the melt, which utilize the principle of ex-
pelling hydrogen from the melt by means of an inter-
nal gas, be it nitrogen or argon.

In general, the use of refining agents increases the
efficiency of removing inclusions from the melt since
they have suitable wettability with oxides and inclu-
sions. Most fluxes contain fluoride compounds such

as Na3AlFg, CaFz, NaySiFg, which accelerate wettabil-
ity [8-10]. Heterogeneous nucleation of pores in inclu-
sions is highly probable [11-13]. The high interfacial
energy between the inclusions and the molten alumi-
num causes the concentration of dissolved hydrogen
and then the formation of hydrogen (Hz) molecules in
the melt [14], which is.

Melting refining for aluminum castings is a com-
plicated process, therefore attempts have been made
to improve the quality of castings produced by gravity
casting technology directly during their production.
The aim of this article is to point out the importance
of the method of refining the melt with a selected
preparation and thus to supplement insufficient or un-
available information on this issue. The experiment is
focused on the evaluation of the effect of PROBAT
FLUSS MICRO 100 on the structural integrity and in-
fluence on selected mechanical properties in
AlSi10Mg alloy.

2 Experiment

The alloy AlSi10Mg according to CSN EN 42 4331
was used as an experimental material. The alloy was
melted in a gas crucible melting furnace and subse-
quently cast by gravity casting into a preheated metal
mold at a temperature of 300 + 30 ° C. The melt tem-
perature was maintained at 720 + 5 © C. The molten
metal was purified by refining salt before casting. The
melt was not modified.  Chemical analysis of
AlSi10Mg aluminum alloy was performed using spec-
tral analysis on a TASMAN Q4 spark optical emission
spectrometer. The chemical composition is given in

Table 1.
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Tab. 1 Chemical composition of experimental melt

Si Fe Cu Mn Mg Cr

Zn Pb Ti Ni Al

991 | 0.25 | 0.025 0.25 0.23 -

0.017 - 0.11 0.005 | residue

The experimental alloy has a chemical composition
in accordance with the material standard. The next
step in the experiment was the use of the special prep-
aration PROBAT FLUSS MIKRO 100 in various con-
centrations: 0.05, 0.1 to 0.2 wt. %. The samples were
cast into the preheated metal mold by the same casting
technology in an effort to achieve as much technolog-
ical conditions as possible (melt temperature, mold
temperature, same mold filling time, etc.) compared to
conventional manufacturing practice.

2.1 Microscopic evaluation of structure - optical mi-
croscopy
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Fig. 1 Typical microstructure of AlSi10Mg alloy, mag. 100
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Fig. 2 Sample A, microstruc

For examination of the microstructure of the sam-
ples was used a confocal laser microscope Olympus
LEXT OLS 3100. The microstructure (Fig. 1) is typi-
cal of the size and distribution of the two main phases,
a solid solution matrix (light phase) and interdendritic
eutectic Si-particles (dark phase). This alloy belongs to
the group of silumines, which are characterized by
very good foundry properties, i.e. good run-in, low
shrinkage and low tendency to crack, and also good
corrosion resistance.

In order to evaluate the porosity in the experiment,
four samples of different macro-porosity were taken
from the experimental castings, which were labeled
A1, A2, A3, A4. The sample labeled A1 showed the
highest macro-porosity, while the sample A4 showed
the lowest porosity. Metallographic sections were pre-
pared from these samples for quantitative measure-
ment of porosity. Five pore size measurements were
taken for each sample. Porosity was measured in dif-
ferent areas of the cut using an Olympus LEXT OLS
3100 laser confocal microscope using image analysis.

Sample Al

The sample material A1 showed the highest poros-
ity of all samples examined. In some areas of sample
A1l pores appeared which were already visible to the
naked eye. The areas with the largest pores are docu-
mented in Figure 2 (2.5 % porosity of the image area).
In Table 2 shows the measured porosity of the sample
Al, for which the average porosity value is 1.2 % of
the image area.

re with porosity, mag. 100 x
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Tab. 2 Measurement of porosity of sample A1 cast from AlSi10Mg alloy

Arithmetic mean [% of

Measurement, N, 1 2 3 415 6 7 8 9 10 .
image area]
Porosity 13 |15 |13 |1 [14 |18 |13 |19 |11 |16 |14
[% of image area]
Sample A2 dendritic cells and excluded intermetallic phases com-
The microstructure of the sample A2 with the pared to microstructures of sample Al. The values of
measured porosity (0.13 % of the image area) is shown the measured porosity of sample A2 are shown in Tab.
in Fig. 3. There was no difference in size and shape of 3 with an average porosity value of 0.057 % of the im-
age area.
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Tab. 3 Measurement of porosity of sample A2 cast from AISi10Mg alloy

Measurement, N, 1 2 3 4 5 6 7 8 9 10

Arithmetic mean
[% of image area]

Porosity

0 . 0.13] 0.05 | 0.02 | 0.03 | 0.05 | 0.09 | 0.08 | 0.13 | 0.03 | 0.06 0.057
[% of image area]
Sample A3 is strongly oriented in one direction because of the in-
Figure 4 shows the microstructure of image analy- tensive heat dissipation from the casting, which indi-
sis sample A3 with a porosity of 0.4 %. The measured cates the direction of the temperature gradient. The
porosity values of sample A3 are given in Tab. 4. The size of dendritic cells and intermetallic phases is sig-
average porosity value is 0.15 % of the image area. The nificantly smaller compared to sample Al.

microstructure of sample A3 shows irregularly ori-
ented dendritic cells. The primary axis of the dendrites

Tab. 4 Measurement of porosity of sample A3 cast from AlSi10Mg alloy
Measurement, N, 1 2 3 4 5 6 7 8 9 10

Arithmetic mean [%
of image area]

0101010301015 | 031 |02] 042 | 0.28 0.15

Porosity
[% of image area]
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Sample A4 of the image area. As with all previous samples, the

Sample A4 was prepared from a portion of the microstructure of sample A4 shows irregularly ori-
casting in which the least macro-porosity was visually ented dendritic cells. The microstructure of the sample
observed. The porosity values of the A4 sample are is shown in Figure 5.

shown in Tab. 5. The average porosity value is 0.28 %

S |
S

Fig. 5 Sample A4, microstructure with porosity, mag. 100 x
Tab. 5 Measurement of porosity of sample A4 cast from AlSil0Mg alloy
Measurement, N, 1 2 3 4 5 6 7 8 9 10

Arithmetic mean [%
of image area]

015019 {01 |03 ]01] 015|031 | 02| 042 0.28 0.28

Porosity
[% of image area]
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From all measurements made, the addition of 0.05
wt. % PROBAT FLUSS MIKRO 100 (A2) to the melt
has the best impact and porosity dispersion effect in
the resulting alloy structure. In the sample Al without
addition of the PROBAT FLUSS MIKRO 100, a large
number of inclusions and pores are visible, as in sam-
ples A3 and A4. From a microstructural point of view,
the optimum amount of PROBAT FLUSS MIKRO
100 is 0.05 wt. %.

2.2 Static tensile test according to CSN EN ISO 6972-
1

In the second part of the experiment, specimens
prepared from the experimental alloy AlSi10Mg were
cast into a metal mold by the gravity casting method,
which were then subjected to a statistical tensile test
according to CSN EN ISO 6972-1 (420310): 2017.
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Test samples were prepared in 4 variants: test samples
A1l are free of PROBAT FLUSS MIKRO 100, test
samples A2 contain 0.05 wt. % PROBAT FLUSS
MIKRO 100, test samples A3 contain 0.1 wt. %
PROBAT FLUSS MIKRO 100 and test samples A4
contain 0.2 wt. % PROBAT FLUSS MIKRO 100. The
test specimens were subjected to a static tensile test on
the universal inspector 100 Hegewald & Peschke.

The results of the static tensile test including the
average values of strength and ductility are shown in
the graph (Fig. 6). The samples were prepared from
the same part of the castings studied (samples Al -
A4). As can be seen from the graph, the addition of
0.05 wt. % PROBAT FLUSS MIKRO 100 had the
best impact on the strength properties of the alloy,
resp. the highest values of strength - 160 MPa, and
ductility - 4.2 % were proved.

3,6 3,5

’ ’

Ductility %

Fig. 6 Dependence of tensile strength on ductility, ALSi10Mg alloys

Figure 7 shows the dependence of tensile strength
on porosity. As can be seen, the addition of PROBAT
FLUSS MIKRO 100 at a concentration of 0.05 wt. %
has the best effect on the strength characteristics.

There is a relationship between tensile strength and
porosity. When the porosity increases from 0.057 %
to 1.2 %, a tensile strength decrease of approximately
(15-20) % can be observed.
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Fig. 7 Dependence of tensile strength on porosity of AlSi10Mg alloy

3 Discussion and conclusion

AlISi10Mg alloy, its structure and mechanical prop-
erties, in particular tensile strength and ductility, were
characterized in connection with the use of the prep-
aration PROBAT FLUSS MIKRO 100. Furthermore,
several experiments evaluating the structure of the
material were performed and described, especially in
terms of microstructure by light microscopy.

The prepared samples from AlSi10Mg alloy were
measured for porosity by microstructure image analy-
sis as a percentage of porosity from the total image
area. The range of porosity values is from 0.057 % to
1.2 %. At a high degree of degassing, the alloy tends
to form pores which can be expected to have a very
adverse effect on the mechanical properties and pres-
sure-tightness of the castings. At a higher hydrogen
content, these cavities are transformed into a more
compact type of relatively large gas pores from a mi-
crostructure perspective. Application of PROBAT
FLUSS MIKRO 100 results in dispersal of the poros-
ity and formation of very fine micro-pores,

After the static tensile test, the dependence be-
tween the porosity in the material structure and its me-
chanical properties was verified. Increasing the poros-
ity in AlSi10Mg alloy from 0.057 % to 1.2 % reduced
the tensile strength by 15 %. A porosity of 1.406% of
the microstructure image area caused a tensile strength
decrease of up to 20 %.

Based on the measured measurements and experi-
mental results, it can be concluded that dispersion and
refining of the pores allows to increase the strength
properties of the AlSi10Mg alloy and it is known from
the foundry practice that the presence of micro-pores
does not cause loss of pressure tightness of the cast-
ings. Therefore, in order to eliminate the negative ef-
fect of porosity on the properties of AlSi10Mg alloy
castings, the preparation of PROBAT FLUSS
MIKRO 100 at a concentration of 0.05 % can be rec-
ommended.
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