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The aim of this experiment was to investigate the influence of the Sr modifier in the Al-Si eutectic alloy on the 

structure change and its mechanical properties.  For this reason, an Al-Si7Mg0.3 hypoeutectic silumin alloy was 

modified with the aim of improving the mechanical properties of the material, mainly by increasing the ductility 

and strength. The subject of investigation was analysis of morphology of excreted eutectic silicon. In order to 

investigate the surface, metallographic cross-sectional specimens were prepared using light and electron micros-

copy. A static tensile test was performed for detailed examination.  It has been found that the addition of the AlSr10 

modifier and, over the time of modification of 1 to 2 hours, has increased the mechanical properties, in particular 

the ductility. 
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 Introduction 

The gravity casting process is one of the precision 

casting processes in which the mold is filled with melt 

due to the gravity of the molten metal [1,2]. The casting 

is carried out by means of a ladle into a sand or preheated 

metal mold. This casting method is used for casting light 

metal alloys. A wide variety of weight categories can be 

produced. Gravity casting technology is mainly used for 

casting light metal alloys in the automotive industry, typ-

ical castings being wheel discs, cylinder heads and brake 

system components [3,4]. 

 The AlSi7Mg0,3 hypoeutectic silumin alloy prepared 

for this research is modified by Sr and was developed for 

the automotive industry with the aim of refining the struc-

ture of the starting alloy and achieving higher mechanical 

properties (ductility and strength) and improving techno-

logical properties (castability and machinability). 

In his work, Vergnano studied gravity casting tech-

nology for aluminum alloys [5]. Modeling of casting pro-

cesses, including design of heating cycle simulation was 

verified by experiment. As a result of the research, control 

of the heating cycles and temperature parameters is very 

important to improve process accuracy. Bolondo [6] fo-

cused on comparing LPSD technology and gravity cast-

ing in the manufacture of safety boxes for chemical and 

marine equipment. The fact is that the use of this casting 

method makes it possible to obtain castings with very 

good strength and good metallurgical quality. For this 

reason, many advantages have been mentioned in the 

work, both metallurgically and economically. Malhotra 

[7] dealt with various types of defects in the casting of 

aluminum alloys using gravity casting technology. 

Shrinkage, porosity and gas leakage have a negative ef-

fect on the integrity of the material. In his work he showed 

that optimizing process parameter values can minimize 

the defect range and greatly influence the casting process. 

Sofyan and Falah [8] investigated the effect of modifiers 

on the microstructure and mechanical properties of Al-Si 

alloys. In their work, they showed that strontium modifi-

cation improves the impact toughness and ductility of the 

alloy. Timelli [9] studied the effect of strontium addition 

on microstructure and defects in AlSi7Mg0.3 alloy cast-

ings. He found that a higher Sr content will provide cast-

ings with a lower porosity.  In his work, Cais [10] inves-

tigated the modification of AlSi7Mg0.3 hypoeutectic si-

lumin by antimony, and recommended an optimal amount 

of 0.15 wt% antimony, which significantly increases the 

tensile strength on average up to 230 MPa compared to 

190 MPa without the use of antimony. 

Gravity casting is a method where a very important 

aspect is to obtain castings of the highest quality with the 

lowest number of defects while maintaining high me-

chanical properties. The literature does not provide data 

on the diffusion coefficients Sr in real aluminum melt, 

which would allow the calculation of the required resi-

dence time at the temperature for complete dissolution of 

even the largest strontium particles. For this reason, a 

unique and extensive research and analysis of the 

AlSi7Mg0.3 alloy has been carried out and the purpose of 

this study was to find the optimal time during which the 

modification process is still in progress. The efficiency of 

the modification can be maintained and further improved 

only with a detailed understanding of all stages of the pro-

cess factors, and the prediction of changes in the micro-

structure can prevent premature end-of-life of the compo-

nent. 

 Experiment 

For the experiment, 4 samples were produced from 

AlSi7Mg0.3 hypoeutectic silumin alloy with the follow-

ing chemical composition in weight percent of 6.9% Si, 

0.18% Fe, 0.047% Cu, 0.0023% Mn, 0.32% Mg, 0.12% 

Ti, Al-residue.  This alloy has very good machinability, 

thermal conductivity and achieves tensile strength up to 

250 MPa. The disadvantage is the presence of iron in the 

material, which impairs its mechanical properties and 

corrosion resistance. The resulting castings had the shape 

of a cylinder with parameters: length - 210 mm and diam-

eter of about 19 mm and became the basis for the subse-

quent microstructure analysis.  

The microstructure of the sample is shown in Fig. 1, 

which is a typical hypoeutectic silumin. The structure 

consists of α dendritic cells and a eutectic consisting of α 
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- solid solution and silicon in the form of coarse hexago-

nal plates, which appear as sharp - angled irregular nee-

dles of different size in the metallographic cut. 

 
Fig. 1 Experimental representation of AlSi7Mg0.3 alloy 

microstructure 

 

In this work, AlSi7Mg0.3 alloy was prepared from 

purchased and already alloyed rolls according to the re-

quired chemical composition. The buns were melted at 

720 ± 5°C in an electric furnace. The weight of the charge 
was about 2000 g. After melting the charge, the alloy was 

treated with refining salt.  After treatment, the alloy was 

modified by introducing the AlSr10 modifier in the form 

of a wire with mechanical stirring for 30 seconds. The 

molten metal was poured into the mold after 30 minutes, 

1 hour and 2 hours after strontium addition, to verify the 

modification process throughout the experiment. 

 Results and discussion 

3.1 Experimental methods 

The sample surface was cleaned in an ultrasonic 

cleaner and observed using a VEGA3 Electron Scanning 

Microscope (SEM) from Tescan. This device was 

equipped with an energy-dispersive X-ray detector 

(EDS), which allowed the study of the chemical compo-

sition of structural components.  For the analysis of sur-

face and subsurface microstructural changes, metallo-

graphic sections of the cast cross-section (perpendicular 

to the casting direction) were prepared. These prepara-

tions were prepared by conventional techniques - wet 

grinding and polishing with diamond emulsions. All sam-

ples were prepared manually. The final mechanical-

chemical polishing was performed using a suspension of 

OPS from Struers. After etching with phosphoric acid, the 

structure of the material was observed and documented 

by electron and light microscopy on a LEXT OLS 3100 

confocal laser microscope from Olympus. 

3.2 Microscopic evaluation of structure and quality of 

modification  

Microstructure of the casting with the addition of 

strontium at a concentration of 0.04% wt. is shown in Fig. 

2 and 3. As shown in the figure, the addition of strontium 

to the alloy caused a change in the morphology of the sil-

icon excreted particles. Thus, compared to the resulting 

unmodified alloy, there is a trend of eutectic deposition 

of silicon in the form of significantly smaller particles. As 

a result of the addition of strontium to the melt, the silicon 

particles are rounded and the silicon is deposited in the 

form of rounded globulitic particles.  

 

Fig. 2 Microstructure of the ally with 0.04 wt % Sr (30 

min) 

 

Fig. 3 Microstructure of the alloy with the 0.04 wt % Sr 

after 30 min of modification (SEM) 

 

Fig. 4 Microstructure of the alloy with the 0.04 wt % Sr 

(1 h) 
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Fig. 5 Microstructure of the alloy with the 0.04 wt % Sr 

after 1 hour of modification (SEM) 

 

Fig. 6 Microstructure of the alloy with the 0.04 wt % Sr 

(2 h) 

 

Fig. 7 Microstructure of the alloy with the 0.04 wt % Sr 

after 2 hour of modification (SEM) 

Significant change occurs in the sample cast one hour 

after the modification. The figure shows the trend of fur-

ther refinement of eutectic silicon particles, which is 

eliminated in the microstructure of the sample in the form 

of small regular globulite particles up to fine rounded 

plates up to 20 μm (Fig. 4,5). 
As can be seen in Fig. 6 and 7, after the addition of 

strontium to the original material, the size of the eutectic 

silicon needles increases, resulting in widening of the 

plates of the eutectic phases. Several thin plates are also 

combined to form long needle-like Si particles. This indi-

cates that the shape of the deposited eutectic silicon be-

gins to change from rod-shaped to plate-like. This is prob-

ably due to the fact that the modifying effect of strontium 

is slowly beginning to disappear [4]. 

3.3 Scanning electron microscopy and EDS analysis 

A Tescan VEGA3 electron microscope was used to 

examine the microstructure of an alloy sample by scan-

ning electron microscopy. The chemical composition of 

the structural components secreted in the microstructure 

was determined using energy dispersive spectrometry 

(EDS) by means of a Bruker EDS analyser. 

 

Fig. 8 Microstructure of the sample after 1 hour of mo-

dification 

Tab. 1 Quantification of results of areal EDS analysis 

Ele-

ment 
Series 

unn. 

C 

[wt. 

%] 

norm. 

C 

[wt. 

%] 

Atom. 

C 

[at. %] 

(3 

Sigma) 

[wt. 

%] 

Al 
K-se-

ries 
47.06 54.98 57.70 7.39 

Fe 
K-se-

ries 
5.34 6.24 3.16 0.81 

Si 
K-se-

ries 
31.5 36.81 37.1 4.77 

Sr 
K-se-

ries 
0.27 0.31 0.1 0.05 

Mg 
K-se-

ries 
1.42 1.66 1.93 0.48 

Total:  85.59 100.00 100.00  
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In Fig. 8, the area where the presence of strontium has 

been identified is indicated by a rectangle. The quantifi-

cation of the results from the indicated area shows that 

there is a strontium particle on the surface of the silicon 

particles and is shown in Tab. 1. The record of the per-

formed EDS analysis is shown in Fig. 9. 

 

Fig. 9 Recording of EDS area analysis 

 

After another modification period, strontium was cap-

tured in only two samples after 2 hours of modification.  

 

Fig. 10 Microstructure of the sample after 2 hours of 

modification 

 

When investigating other samples, the EDS analysis 

also confirmed that the AlSr4 type intermetallic phases 

spread on the surface of silicon particles (Fig. 10), which 

is confirmed by the EDS surface analysis from the surface 

is indicated as Fig. 11. Quantification of EDS results is 

recorded in Tab. 2.  

 

Fig. 11 Recording of EDS area analysis 

Tab. 2 EDS analysis 

Ele-

ment 

Se-

ries 

unn. C 

[wt.%] 

norm. 

C 

[wt.%] 

Atom. 

C 

[at.%] 

(3 

Sigma) 

[wt.%] 

Al 

K-

se-

ries 

65.48 63.02 63.95 10.67 

Si 

K-

se-

ries 

37.23 35.83 34.93 6.66 

Sr 

K-

se-

ries 

0.22 0.21 0.07 0.07 

Mg 

K-

se-

ries 

0.97 0.94 1.05 0.52 

Total:  103.9 100.00 100.00  

 Conclusion 

Based on the experiment, 5 samples were cast from 

AlSi7Mg0,3 eutectic silumin, which were then examined 

in detail to study the effect of adding 0.04% AlSr10 mod-

ifier on the structure of the material and the change in eu-

tectic silicon morphology.  Based on the analyzes, the fol-

lowing conclusions were reached: 

• in the microstructure of AlSi7Ng0,3 in the un-

modified state, silicon was eliminated in the 

form of hexagonal plates, 

• adding 0.04 wt.  % Sr in the alloy causes a 

change in the morphology of eutectic silicon 

particles by refining up to 20 µm, 
• as a result of modification of strontium, the par-

ticles of eutectic silicon are rounded and are 

eliminated in the form of smaller particles, 

• for a comprehensive evaluation of the effect of 

the modifier, cast samples were taken within 

30min, 1 to 2 hours after AlSr10 addition, and it 

was found that after 2 hours of modification sev-

eral thin plates were formed to form long needle-
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like Si phases,  that the strontium modifying ef-

fect begins to fade and Si plates become coarse. 

• analysis of static tensile test shows that the me-

chanical properties, especially ductility, are 

maintained for a period of 1 to 2 hours.  
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