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Abstract. Foundry aluminum silicon alloys are widely used in various industries. In their unmodified state, they
are not used for construction materials. Their use is possible after improving the unfavourable microstructure.
Initially, the microstructure of hypoeutectic silumins is composed of a large primary a-phase and large, sharp-
shaped eutectic silicon grains. This phase creates microstructural notches. This microstructure is the reason for the
low mechanical properties of the alloy. Increasing the properties of hypoeutectic silumins can be achieved, inter
alia, by introducing chemical additives into the alloy, which refine the microstructure. There are reports in the
literature on the use of various chemical compounds and technologies aimed at fragmenting the microstructure. A
new approach is the modification process using a homogeneous modifier. This process does not introduce new
alloying elements into the alloys. However, this process did not fragment the primary a-phase. The paper presents
the results of AISi9Mg alloy modification with AlSi9Mg alloy and boron and titanium. The test results confirm
the effectiveness of the applied treatment. After it was carried out, the o + B eutectic and the primary o phase were
fragmented. These changes, represented by the fragmentation of the microstructure, turned out to be correlated
with an increase in the tensile strength of the alloy and its plasticity. The highest mechanical parameters
(Rm =195 MPa and A = 6.5%) were obtained for the alloy with 0.6% Al-Si + 0.15% Ti + 0.06% B.
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Introduction

Casting aluminum-silicon alloys have favourable performance properties, including mechanical and
chemical properties with low specific gravity [1-3]. This is the reason why they are widely used in
industry [4; 5]. They also have imperfections on microstructure [6] similar as other foundry alloys [7-9]
and mechanical treatment [10]. A big problem is the tendency of silumins to form a coarse-grained
microstructure. This microstructure is the reason for the low mechanical properties of the alloys [1-3;
5]. Increasing the properties of alloys can be achieved through an appropriately designed crystallization
process [11-13], modification [14-16], through the use of appropriate technological processes: plasma
[17], welding [18], homogeneous modifying [19]. For economic reasons the structure [20] and
microstructure [21] of alloys are tested and simulation properties of alloys using numerical methods [5].

Modification processes date back to 1920s [22]. Since then, the progress in the processes of
increasing the functional properties of silumin has been enormous [23]. It has been proved that the
mechanical properties of cast Al-Si alloys depend not only on the chemical composition [24-25], but
more importantly on the microstructure itself, in particular the morphology of the a dendritic phase,
eutectic b particles and other intermetallic compounds present in the microstructure [26-28]. It was
found that the addition of modifiers, initially sodium and strontium, to Al-Si casting alloys significantly
improves mechanical properties, especially ductility [29-32]. The influence of strontium on the stability
of phase fragmentation and mechanical properties is more noticeable and more durable than that of
sodium [32-35]. The improvement in mechanical properties is generally attributed to changes in the
morphology and size of the eutectic particles of the silicon phase. It is worth noting, however, that at the
same time as eutectic silicon particles change from acicular to fibrous, the amount, morphology, and
size of the dendritic a-phase also change. The mechanical properties of hypoeutectic silumins are first
of all affected by the shape and size of the eutectic mixture (o + ). Chemical elements and compounds,
both added to the alloy and formed as a result of exothermic reactions [15] or homogenical modifier
[19] “pass” into the alloy, changing the course of its crystallization. Selection of the mixture components
allows — to a degree — to decide about the starting moment of crystallization and change the range of
solidification of alloy or its individual phases. The results of modification of eutectic and hypoeutectic
aluminume-silicon alloys by sodium, strontium, antimony and other additions in the metallurgic process
have been already analyzed and described by numerous authors [36-39].
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The aim of the present investigation was to evaluate the influence of the homogenous modifier Al-
Si in correlation with boron and titanium on the microstructure, tensile strength and elongation of
AlSi9Mg alloy.

Materials and methods

The research was carried out on hypoeutectic silumin AlISi9Mg (Table 1). The alloy was obtained
from industrial piglets. The alloy was melted in a ceramic crucible made of Al203 in an electric furnace.
The alloying elements were introduced into the crucible simultaneously with the liquid melt. The Al-Si
addition was produced by cooling the AISi9Mg alloy at a speed of 200 K/s, and then mechanically
ground into a fraction of 0.18-0.25 mm. The Ti + B additions were obtained from the powders. The
blends were prepared by mixing the 3 components together using a total factorial experiment (2%) for
three independent variables (Table 2 with mechanical properties of AlSi9Mg alloy at each point in the
research plan). The alloy was modified at 1073 K for 8 minutes (Table 2). Cylindrical samples 8 mm in
diameter and 75 mm long were poured into dry sand molds. A static tensile test was performed on a
specimen with a length to diameter ratio of 5: 1 in the ZD-30 universal tensile tester in accordance with
ISO 6892-1: 2019 [40]. The results were analyzed mathematically, which enabled to formulate the factor
equation for three variables for the parameters studied, at the level of significance o = 0.05. The
adequacy of the above mathematical equation was verified using the Fischer criterion for p = 0.05.

Table 1
Real chemical composition of the tested AISi9Mg, wt.%
Element Si Mg Mn Ni Cr Fe Cu Zn Ti Al
Content | 9.24 | 0.34 | <0.005| 0.003 | 0.05 | 0,15 | 0.03 | 0.007 | 0.001 | balance
Table 2
Level of variables and mechanical properties of AlSi9Mg alloy
Exg‘gﬂgm Al-Si, % Ti, % B, % Rm, MPa A, %
1 0.2 0.05 0.02 156 3.1
2 0.6 0.05 0.02 182 5.6
3 0.2 0.15 0.02 178 3.8
4 0.6 0.15 0.02 185 5.4
5 0.2 0.05 0.06 181 4.9
6 0.6 0.05 0.06 191 5.8
7 0.2 0.15 0.06 184 5.5
8 0.6 0.15 0.06 195 6.5
9 0.4 0.1 0.04 187 5.2
10 0.4 0.1 0.04 189 5.2
11 0.4 0.1 0.04 189 5.3

Results and discussion

The microstructure of the AlISi9Mg alloy with 0.2% Al-Si + 0.05% Ti + 0.02% B (Fig. 1) consists
of the dendritic a phase against the background of a thick lamellar eutectic (o + ). After increasing the
share of Ti and B to a higher level, respectively 0.15% Ti and 0.06% B, the fragmentation of the eutectic
was noted (a + ). “Breaking” of the dendrites of the primary a phase was also observed. After
introducing a mixture of 0.6% AI-Si + 0.05% Ti + 0.06% B into the alloy, further disintegration of the
eutectic (o + P) and clustering of the phase were observed. For the AISi9Mg alloy with 0.6% Al-
Si+0.15% Ti + 0.06% B (all components at the higher level), the disappearance of the thick plates of
the eutectic phase (o + ) and the fragmentation of the dendritic o phase was noted. The parallel
arrangement of the 3-phase eutectic plates observed in the microstructure was considered to confirm the
stability of the eutectic formation process (o + ). From the comparison of the microstructure, it can be
concluded that the greatest fragmentation of the eutectic (a + B) and the primary a phase was obtained
for this composition. This assumption is confirmed by the mechanical properties of the alloy.
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Figures showing mechanical properties were prepared for the obtained regression equations
assuming one of the components at the level of changes: lower or higher. Tensile strength of the
AlSi9%Myg alloy treated with Al-Si + Ti + B is shown in Figs. 5, 7, 9, 11, 13 and 15 and elongation in
Figures 6, 8, 10, 12, 14 and 16. After treatment of the AISi9Mg alloy with 0.2% AIl-Si + 0.05%
Ti +0.02% B, Rm = 156 MPa and A = 3.1% were obtained.
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Fig. 1. Microstructure of AlSi9Mg alloy with Fig. 2. Microstructure of AlSi9Mg alloy with
0.2% AI-Si + 0.05% Ti + 0.02% B 0.2% AI-Si + 0.15% Ti + 0.06% B
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Fig. 3. Microstructure of AlSi9Mg alloy with Fig. 4. Microstructure of AlSi9Mg alloy with
0.6% Al-Si + 0.05% Ti + 0.06% B 0.6% AI-Si + 0.15% Ti + 0.06% B

Rm [MPa]

Fig. 5. Tensile strength of AlISi9Mg alloy Fig. 6. Elongation of AlISi9Mg alloy with Ti
with Ti € <0.05, 0.15 > % and Be <0.02, € <0.05,0.15 >% and Be <0.02,0.06 >%
0.06 > % for Al-Si = 0.8% for Al-Si =0.8%

After increasing the proportion of titanium in the mixture to 0.15%, an increase in the strength to
178 MPa and elongation to 3.8% were noted. After introducing boron at a level higher than 0.06%,
a further increase in the strength to 184 MPa and elongation to 5.5% were noted. After changing the Al-
Si additions to a higher level, Rm = 195 MPa and A = 6.5% were obtained. At this point in the research
agenda, all three add-ons are at a higher level.

The analyzed mechanical parameters for this point of the research plan obtained the highest values.
After treatment of the AISi9Mg alloy with 0.6% Al-Si +0.05% Ti + 0.02% B, Rm =182 MPa and
A =5.6% were obtained, and after increasing the amount of titanium to 0.15%, Rm = 185 MPa and
A = 5.4% were obtained. After treatment of the AISi9Mg alloy with 0.2% AI-Si + 0.05% Ti + 0.06% B,
Rm =181 MPa and A = 4.9% were obtained. Based on the analysis of the test results (Figures 5-15), it
was found that the Al-Si component, and then B, had the highest effectiveness of the impact on the
strength and at the same time elongation of the alloy. Titanium interacted with the lowest intensity.
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Fig. 8. Elongation of AISi9Mg alloy with Ti
€ <0.05,0.15 >% and Be < 0.02,
0.06 > % for Al-Si = 0.4%

Fig. 7. Tensile strength of AlSi9Mg alloy
with Ti € <0.05, 0.15 > % and Be <0.02,
0.06 > % for Al-Si = 0.4%
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Fig. 10. Elongation of AlSi9Mg alloy with
Al-Si € <0.4,0.15 >% and Be <0.02,
0.06 > % for Ti =0.15%

Fig. 9. Tensile strength of AlSi9Mg alloy
with Al-Si € <0.4,0.15 > % and Be < 0.02,
0.06 > % for Ti =0.15%

Rm [MPa]

Fig. 12. Elongation of AlSi9Mg alloy with Al-
Sie€<0.4,0.15 >% and Be <0.02,
0.06 > 9% for Ti =0.05%

Fig. 11. Tensile strength of AISi9Mg alloy
with Al-Si € < 0.4, 0.15 > % and Be <0.02,
0.06 > % for Ti =0.05%

Fig. 14. Elongation of AlSi9Mg alloy with
Al-Si € <0.4,0.15 >% and Tie <0.05,
0.15 > % for B = 0.06%

Fig. 13. Tensile strength of AISi9Mg alloy
with Al-Si € <0.4,0.15 > % and
Tie <0.05,0.15 > % for B = 0.06%

1104



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021.

Rm [MPa]

Fig. 15. Tensile strength of AISi9Mg alloy Fig. 16. Elongation of AlSi9Mg alloy with
with Al-Si € <0.4,0.15 > % and Al-Si € <0.4,0.15 >% and Tie <0.05,
Tie <0.05,0.15 > 9% for B =0.02% 0.15 > % for B = 0.02%
Conclusions

1. The microstructure obtained at all points of the research plan is characterized by a lamellar structure
with a different degree of development of the a phase and (o, + B) eutectic.

2. The analyzed blend components rapidly cooled Al-Si, Ti and B used for the treatment of the
AlSi9Mg silumin showed a significant effect on the tensile strength and elongation. The
effectiveness of the interaction of both T and B increases with the increase in the share of Al-Si in
the mixture.

3. The highest mechanical parameters (Rm = 195 MPa and A = 6.5%) were obtained for the alloy with
0.6% AI-Si + 0.15% Ti + 0.06% B.
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