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Influence of AlSi7Mg0.3 Alloy Modification on Corrosion Behaviour in the Salt Environment
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In the case of eutectic and hypoeutectic silumins, the modification is carried out on molten metal prior to casting
with strontium, which has a limited modification effect of max. 1 - 1.5 hours. The aim of the realized experiment
is to investigate the microstructure change and corrosion evaluation of the AlSi7Mg0.3 aluminium alloy in combi-
nation with the strontium modifier. AISi7Mg0.3 alloy was used for the experiment using 0.04 % strontium modifier
and 0.15% beryllium was added to prolong the time effect of the strontium modification. Beryllium was used as
an AlBe5 master alloy and the samples were cast by gravity casting into a metal preheated mold. Chemical com-
position analysis was performed by spectral analysis and microstructure was evaluated by light microscopy. Alloys
formed without and after the addition of the modifier were subjected to a corrosion test followed by evaluation of

the initial microstructure.
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1 Introduction

Metal corrosion is one of the methods of physico-
chemical interaction of the metal and the environment,
leading to changes in the properties of the metal, which
may cause significant impairment of the function of the
metal [1,2]. The corrosion test is carried out with the use
of a device called the corrosion chamber, which best de-
scribes the corrosion environment in which the test mate-
rials are working. Corrosion affects all types of materials,
their reactions with the environment. Also, the environ-
ment that causes corrosion, is very diverse. The most
widely used corrosive environment is atmospheric corro-
sion, which sustained the action is exposed to the bulk of
the products. Also, other environments are technically
significant, especially different soil, in which are stored
equipment, natural water, like the waters of the river and
especially the sea, which acts aggressively to vessels, port
and dam equipment, automobiles, aircraft, etc [3]. Great
importance has the process of corrosion degradation even
in the automotive industry, as it leads to great financial
losses. One area of research in this sector is the use of
aluminium alloys in the context of corrosion of loading,
to which the cars are exhibited in their normal operation.

The subject of the article is the alloy on the base of the
AlSi7Mg, which and has been developed for the automo-
tive industry on the soil on the Faculty of Mechanical En-
gineering. Master alloy AlSi7 was alloyed with Mg and
subsequently modified Sr and Be, to soften the structure
of the starting alloy and to reach higher values of elonga-
tion and strength and at the same time improve the tech-
nological properties, specifically castability and machin-
ability.

Zhu [4] in their work studied the effects of heat-pro-
cessed on the microstructure and behaviour of corrosion
of the joint of aluminium alloy AA2219 after welding
method TIG with variable polarity. The experiment was
verified that during welding the maximum temperature in
the HAZ varies from 490 ° C to 548 ° C, which led to the
dissolution of the subtle phases of A12Cu and segregation
along the grain boundaries. The result of the research was

that the implementation of PWHT was the microstructure
of the weld metal more homogeneous, the tensile strength
was increased by 44% and the efficiency of connections
reached 76%. Huang [5] in his article dealt with the influ-
ence of homogenization on the corrosion behaviour of al-
uminium plates 5083-H321. The fact is that, compared
with fine-grained microstructure should strongly elon-
gated grains impede the penetration perpendicular to the
principal direction of deformation because most of the
grain boundaries would prevent deeper penetration of the
corrosion. The results showed that the samples which
were not homogenized, exhibit increased resistance to
corrosion than the homogenized samples. Li [6] focused
on the corrosion behaviour and mechanical properties of
aluminium alloy Al-Zn-Mg. The amount of secondary
phases in the weld causes the formation of galvanic cor-
rosion. In their work showed that the mechanical proper-
ties of the welded joints are lower than the properties of
the base metals. Donatus [7] in his scholarly work exam-
ined the spread of corrosion products in aluminium al-
loys. Their work showed that the method of spread of cor-
rosion in alloys is significantly different due to the pres-
ence of phase AI3Mg?2 (B). Oztiirk et. al. [8] investigated
120, 170 and 250 ppm Sr addition on a356 android alloy
and found that 120 ppm Sr in die-cast a356 android alloy
resulted in the highest corrosion resistance and the lowest
corrosion rate compared to the unmodified alloy, as a re-
sult of the growth of the protective oxide layer would Sr
addition. Moustafa [9] in his scientific work focused on
the influence of additions of Mg and Cu on the micro-
structural characteristics and tensile properties of the eu-
tectic alloys Al-Si modified Sr. The fact is that copper
forms the other secondary phase with Al, which is precip-
itated during solidification, either as a block Al2Cu or in
the eutectic form as (Al + Al12Cu). The results show that
the addition of Mg reduces the fluidity and eutectic tem-
perature Si. Liao et al. [10] investigated the corrosion re-
sistance of Sr modified near-eutectic Al-Si alloy and
found that Sr addition decreased the corrosion resistance
compared to unmodified alloy at longer immersion times.
Hren [11] in their work investigated the extension of the
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modification effect in hypoeutectic silumin modified by
strontium. The result was that the most optimal time to
effect modification of the effect after the addition of be-
ryllium is 3 hours. Salt fog corrosion test is a method that
is a very important aspect of obtaining information on the
corrosion resistance of materials in an experimental
form. The literature does not provide information on the
action and course of corrosion attack on aluminium alloys
after their prolonged modification in the salt environ-
ment. Therefore, the paper aims to investigate and ana-
lyse the effect of AlISi7Mg0.3 alloy modification on its
corrosion behaviour in the salt environment using light
microscopy methods. The corrosion resistance of alumin-
ium alloys can only be improved with a detailed under-
standing of all factors affecting the microstructure of hy-
poeutectic silumin.

2 Experiment

Tab. 1 Chemical composition of AlSi7Mg0,3 alloy

AlSi7Mg0,3 alloy (EN 1706-98) was added for the
experiment with the addition of the Sr modifier and
AlBe5 master alloy. This material contains 92.7% alu-
minium, 7% Si and 0.3% Mg respectively (chemical com-
position of the alloy - Table 1). The next step was the
addition of the Sr modifier and the Be addition was used
to prolong its performance. In this case, Sr is used as an
AISr10 master alloy with the addition of a 0.04% modi-
fier. Beryllium is also added as a master alloy of AlBe5
at a concentration of 0.15%. To verify if the modifica-
tions were prolonged, samples were cast after each hour
up to 4 hours after the addition of Sr and Be. Melting was
carried out at (750-760) ° C and by gravity casting into a
preheated metal mold (at 200 ° C) the samples were cast
and then left in the mold until they cooled. The resulting
castings had a cylinder shape of approximately 19 mm in
diameter and 210 mm in length and became the basis for
experimental samples.

Chemical compostion [wt. %]

Si Fe Cu Mn Mg

Cr Zn Pb Ti Al

6.5-7.5 0.17 0.05 0.1 0.25-0.45

- 0.07 - 0.08-0.025 residue

3 Microscopic evaluation of structure and
quality of modification

The Olympus Lext OLS 3100 confocal microscope
was used to evaluate the microstructure. The microstruc-
ture of the AlSi7Mg0.3 alloy is shown in Figure 1 and is
typically hypoeutectic silumin. As indicated [7], the mi-
crostructure of the sample consists of a dendritic cells and
a eutectic consisting of particles of eutectic silicon and o
solid solution.

Fig. 1 Microstructure of AlSi7Mg0.3 alloy

Another experimental sample was AlISi7Mg0.3 alloy
modified with Sr and Be. This sample was chosen based
on the results obtained in [11], where the most significant
change in microstructure occurs after 3 hours of modifi-
cation.

Fig. 2 Microstructure of AlSi7Mg0.3 alloy modified by
Sr and Be

In Fig. 2, the optimum effect of the modification is
evident, where the deposited eutectic silicon has a perfect
round or slightly elongated shape.

4 Microscopic analysis after corrosion loading

The samples were exposed to corrosion in the corro-
sion chamber according to CSN EN ISO 9227. The test
was carried out with graduated exposure times of 96, 168,
240, 480, 720 and 1008 hours. The cycles were run in a
test environment of 5% NaCl, 50 g/ L, at350°C+20°
C pH of the accumulated solution 6.5 to 7.2.

Exposure time and sample designation are given in
Table 2.
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Tab. 2 Exposure time and labelling of samples

Material after after after after after after
96h 168h 240h 480h 720h 1008h
. Sample Sample Sample Sample Sample Sample
AISi7TMg0.3 1-1 1-2 1-3 1-4 1-5 1-6
. Sample Sample Sample Sample Sample Sample
AlSi7Mg0.3+AlSr10+AlBe5 21 2 2.3 24 2.5 -6

After completion of the corrosion test, samples were
taken for corrosion attack evaluation. The resulting mi-
crostructures are shown in Figure 3.

a) AlSi7Mg0.3 alloy
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b) AlSi7Mg0.3+AlSr10+Be alloy
Fig. 4 Microstructure after 240 h loading
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b) AlISi7Mg0.3+AlSr10+Be alloy
Fig. 3 Microstructure after 96 h loading

In Figure 3a it can be seen that the unmodified
AlSi7Mg0.3 alloy retains a continuous passivation layer
of Al,O3, which prevents corrosion penetration into the
material. In the sample after modification, Fig. 3b, there
is an apparent break in the cohesiveness of the material
due to interdendritic porosity, which is related to the
course of crystallization of the material. In this area, the
formation of corrosion products in intercrystalline spaces
followed - intercrystalline corrosion.

Fig. 4 a, b show an uneven pitting of corrosion, it can
be seen that the modified A1Si7Mg0.3 alloy shows more
corrosion attack.

a) AlSi7Mg0.3 alloy
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b) AlSi7Mg0.3+AlSr10+Be alloy
Fig. 5 Microstructure after 480 h loading

AlSi7Mg0.3 alloy was selected for further evaluation
before and after modification, after 480 hours loading in
corrosion chamber. As shown in Fig. 5a, interdendritic
porosity occurred in the material, which probably af-
fected interdendritic corrosion. Conversely, the alloy
shown in Figure 5b shows the retention of the Al,O; pas-
sivation layer. This phenomenon may be caused by the
influence of the modifier on individual phases of the mi-
crostructure of the analysed material.

- A

b) AlSi7Mg0.3+AlSr10+Be alloy
Fig. 6 Microstructure after 720 h loading

Figures 6 show unevenly distributed pitting corrosion,
and it can be seen that the corrosion attack after 720 hours
of load on the modified alloy is only slightly apparent. As
with the previous sample, it was confirmed that the addi-
tion of the modifier makes the alloy more resistant to cor-
rosion.

5 Discussion of results

Sample 1 is AlSi7Mg0.3 alloy - individual samples
show uneven corrosion attack by pitting. This attack
deepens with longer exposure time in a neutral corrosion
fog of 5% NaCl. Due to the low number of corrosion at-
tacks on the surface of sample 2, which does not increase
significantly due to the exposure duration in the neutral
corrosion fog of 5% NaCl solution, it can be concluded
that a uniform oxide layer of Al>Oj3 is formed on the sur-
face.

In sample 2, after 96 hours of exposure, material in-
terruption due to interdendritic porosity was observed,
which was reflected in the occurrence of intergranular
corrosion. This caused a surface defect to affect the for-
mation of the oxide layer, thereby affecting the entire cor-
rosion behaviour of the surface of the material. After an-
other period of exposure, up to 720 hours, we can see pit-
ting corrosion, which this time appears to be even.

The results of the experiment show that the
AlISi7Mg0.3 alloy after three hours modification of
AlSr10 + AlBe5 could be more resistant to corrosion at-
tack in salt mist. In general, and experiments have con-
firmed that magnesium in AISi7Mg0.3 alloy and modifi-
ers based on Sr and Be have a great influence on the cor-
rosion behaviour of the alloy in the neutral corrosion fog
of 5% NaCl solution - pitting increases and the overall
corrosion behaviour of the alloy is affected and there are
other forms of corrosion attack.

6 Conclusion

Experimental samples were made and cast in the un-
modified and modified state. The chemical composition
of the samples was analysed using a Q4 TASMAN optical
emission spectrometer. Microscopic observation was per-
formed on an Olympus LEXT OLS 3100 confocal micro-
scope.

AlSi7Mg0.3 alloy has been identified as a pitting type
of corrosion. Compared to the previous sample, results
from AlSi7Mg0.3 alloy with modifier showed that crys-
tallization method and microstructure quality affect the
process of formation of corrosion products, leading to the
occurrence of intergranular corrosion. The occurrence of
intergranular corrosion may be related to the effect of the
modification on the microstructure of the alloy and the
presence of yet unidentified phases related to the modifi-
cation process. Methods of light microscopy do not allow
to identify the elemental composition of individual inter-
metallic phases of the alloy, which are evident especially
in modified alloys in the images. Therefore, there is a rec-
ommendation to perform EDS analysis to detect elements
in intermetallic phases. This measurement could illumi-
nate the behaviour of the AlSi7Mg0.3 alloy in the corro-
sive environment of salt mist.
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In conclusion, the corrosion degradation of alumin-
ium alloys is mainly influenced by their chemical compo-
sition. The authors' claim [4,6] that the modification of
aluminium alloys has a positive effect on increasing the
corrosion resistance was also confirmed.
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