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Abstract 

Hypo-eutectic silumins are used in a wide range of industrial applications, but their properties are continuously 

studied to improve the quality of cast products. The initial structure of AlSi9Mg alloy is composed of granular 

and acicular β phase, with α phase as matrix. The hard, irregular, often pointed β phase is responsible for the 

poor mechanical properties of said alloy. This composition is responsible for the alloy's low strength 

parameters, and it limits the extent of practical applications. The properties of alloys may not only depend on 

the chemical composition, modifiers, but may also depend on the conditions of the modification effect. 

Chemical elements and compounds, both added to the alloy and formed as a result of exothermic reactions, 

“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 alloy solidification 

or its individual phases. In the present study, the microstructure and technological properties of silumins were 

improved through modification with the use a chemical mixture as an exothermic modification. It was found 

that the exothermic modifier containing NaNO3 NaClO3 and TiO2 exerted the strongest multidirectional refining 

effect on the studied alloys.  
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1. INTRODUCTION  

Modern industry requires high quality casting alloys. Foundry alloys are often improved to increase their 

performance. Experimental methods are not always used. Computer technology is often used to simulate 

expensive research. Non-inoculated alloy AlSi7Mg is characterized by coarse-grained structure, consisting of 

grains and acicular precipitates of phase β, contrasted with dendritic phase α. Such microstructure is 

responsible for its poor uses properties for example tensile strength, elongation, hardness. The mechanical 

properties of alloys are determined primarily by the structure of hard eutectic β phase whose needles and 

grains form natural notches which decrease both the strength and plasticity of silumins. Silumins eutectic are 

usually modified with Na, Sr and Sb or their compounds and other e.g. Ti, Ca, B and other elements [1]. There 

are other methods modified microstructure of Al-Si alloys as homogeneous modifiers produced by fast cooling 

[2], directional crystallization [3], technological processes [4].  

An interesting method of Al-Si treatment is exothermical method, mainly by treatment method known as 

Inmold. The degree of ‘assimilation’ of the components added is of primary importance while employing this 

method in alloy treatment. When the Inmold method is applied, individual alloy additions may undergo 

dissolution in the alloy treated (if their melting point is lower than or the same as the temperature of the alloy 

and the process lasts long enough), enrich its composition as solid particles (if their melting point is higher 

than the temperature of the alloy or the process does not last long enough), or do both (if the mixture consists 

of particles whose melting point is lower and higher than the temperature of the alloy). The effect intensity is 

connected with the velocity of flow (i.e. the velocity of casting and dimensions of the reaction chamber), as 

well as the chemical compounds from the mixture [5]. 
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Such methods for enhancement of silumins properties may be interested for many branches of industry i.a. 

corrosion problems [6,7], machine design [8,9], LNG control design [10,11], biotechnology [12,13] or waste 

management [14-16]. The observed interactions between controlled factors should be also taken into 

consideration in a methodology of future similar designed experiments [17,18], especially involving mixtures 

[19,20] or – focused on observed microstructure changes – image analyses [21-23] of modified surface layer 

[24-26]. The obtained dataset may also inspiring source for parametric [27,28] and non-parametric [29,30] 

uncertainty analysis. 

2. METALLOTHERMY PROCESS 

Metallothermy allows to obtain metals on the base of reactions proceeding between a given metal – reducing 

agent and some compounds, mainly oxygen ones. The procedure of metallothermy, which is part of ‘out-of-

furnace’ treatment, may be applied while producing ferrous and non-ferrous alloys. Enriching elements, both 

added to the alloy and formed as the result of exothermic reactions, ‘pass’ into the alloy, changing the course 

of its crystallization, microstructure and properties. According to professional literature [31,32], the energy 

condition of a spontaneous course of reactions is assuming the minimum enthalpy gain by –300 kJ/mol of the 

reducer. If the thermal effect caused by the reaction course is too low, the missing amount of heat should be 

supplied. In the case of ‘out-of-furnace’ treatment, the missing amount of enthalpy may be supplied in the form 

of heat of liquid alloy. Reactions of metal oxides with Al as a redactor may be presented on the example of the 

following reaction (1), (2) and (3): 

6NaNO3 + 10Al → 5Al2O3 + 3Na2O + 3N2
  and ∆H = -623.9 kJ/mol (1) 

NaClO3 +2Al → Al2O3 + NaCl and ∆H = -783 kJ/mol (2) 

3/4TiO2 + Al → 3/4Ti + 1/2Al2O3 and ∆H = -129.4 kJ/mol  (3) 

3. MATERIALS AND METHODS 

The aim of the research presented in this paper was to evaluate the influence of chemical compositions 

producing an exothermic effect on the mechanical properties (tensile strength and elongation) of AlSi7Mg alloy 

(Table 1). An improvement in the functional properties of alloys may be achieved by adding to silumin 

compounds containing elements which after reduction affect the process of crystallization and increase the 

strength of solution α - phase and eutectic (α+β).  

Founding, that studied proprieties are continuous functions considered variables and its can be with sufficient 

exactitude represented in figure of polynomial in investigations planning experiences was applied active, 

applying complete factorial experiment (23) for three independent variables: NaNO3, NaClO3, TiO2 (Table 2). 

The results were analyzed mathematically, which enabled to formulate the factor equation for three variables, 

for the studied parameters, at the level of significance α = 0.05.  The adequacy of the above mathematical 

equation was verified using the Fischer criterion. 

𝑦̂ = 𝑏0 + 𝑏1𝑥1 + 𝑏2𝑥2 + 𝑏3𝑥3 + 𝑏12𝑥1𝑥2 + 𝑏13𝑥1𝑥3 + 𝑏23𝑥2𝑥3 + 𝑏123𝑥1𝑥2𝑥3 (4) 

The real chemical composition of the tested AlSi7Mg alloy is presented in Table 1. 

The alloy was obtained from industrial piglets. The alloy was melted in an Al2O3 crucible in an electric furnace, 

and the modification process was carried out. Chemical additions were introduced to the crucible. The alloy 

was modified at a temperature of 850 °C for 8 minutes. Cylindrical samples, 8 mm in diameter and 75 mm in 

length, were poured into a mold made of molding sand. Upon the completion of each modification stage, 

specimens were collected for mechanical tests. Samples for mechanical tests were obtained from the upper 

part of the casting. A elongation test was performed according to the standard ISO 6892-1:2016 metallic 

materials - tensile testing - part 1: method of test at room temperature, using a universal strength testing 

machine (W.P.M. Germany), determining tensile strength Rm and elongation A.  
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Table 1 Real mean chemical composition of the AlSi7Mg alloy (wt%) 

Si Cu Mg Mn S Cr Fe Ti Zr 

7.2 0.05 0.32 0.36 0.02 0.01 0.15 0.02 0.05 

Table 2 Component of mixture 

Variable Primary level  
(wt %) 

Range of changes 
(wt%) 

Higher level  
(wt%) 

Lower level  
(wt%) 

NaNO3 0.5 0.2 0.7 0.3 

NaClO3 0.5 0.2 0.7 0.3 

TiO2 0.5 0.2 0.7 0.3 

4. RESULTS AND DISCUSSION 

The tensile strength (Rm) of the AlSi7Mg alloy after chemical treatment is presented in Figures 1-6 and 

percentage elongation (A) is shown in Figures 7-12. The tensile strength of AlSi7Mg alloy after modification 

with modifier contents with: 0.3 % NaClO3 + 0.3 % TiO2 and 0.3 % NaNO3 was 138 MPa (Figure 2) and 

elongation A = 2.8 % (Figure 10). An increase in the quantity of NaNO3 to 0.7 % Rm increased to 161 MPa 

(Figure 1) and A = 3.6 % (Figure 7). Next with the identical increase in the share of NaClO3 and TiO2, Rm 

grew to 183 MPa (Figure 1) and elongation to 6.4 % (Figure 6). It was the highest tensile strength and 

elongation for analyzed components. 

  

Figure 1 Tensile strength of AlSi7Mg alloy with: 

NaClO3  <0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt%, 

for 0.7 wt% NaNO3 

Figure 2 Tensile strength of AlSi7Mg alloy with: 

NaClO3  <0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt%, 

for 0.3 wt% NaNO3 

  

Figure 3 Tensile strength of AlSi7Mg alloy with: 

NaNO3  <0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt%, 

and 0.7 wt% NaClO3 

Figure 4 Tensile strength of AlSi7Mg alloy with: 

NaNO3  <0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt%, 

and 0.3 wt% NaClO3 
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Figure 5 Tensile strength of AlSi7Mg alloy with: 

NaNO3  <0.3, 0.7> wt%, NaClO3  <0.3, 0.7> wt% 

and 0.7 wt% TiO2 

Figure 6 Tensile strength of AlSi7Mg alloy with: 

NaNO3  <0.3, 0.7> wt%,NaClO3  <0.3, 0.7> wt% 

and 0.3 wt% TiO2 

  

Figure 7 Elongation of AlSi7Mg alloy with: NaClO3  

<0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt% 

for 0.7 wt% NaNO3 

Figure 8 Elongation of AlSi7Mg alloy with: NaClO3 

 <0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt% 

for 0.3 wt% NaNO3 

  

Figure 9 Elongation of AlSi7Mg alloy with: NaNO3  

<0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt% 

and 0.7 wt% NaClO3 

Figure 10 Elongation of AlSi7Mg alloy with: NaNO3  

<0.3, 0.7> wt%, TiO2  <0.3, 0.7> wt% 

and 0.3 wt% NaClO3 

  

Figure 11 Elongation of AlSi7Mg alloy with: NaNO3  

<0.3, 0.7> wt%,NaClO3  <0.3, 0.7> wt% 

and 0.7 wt% TiO2 

Figure 12 Elongation of AlSi7Mg alloy with: NaNO3  

<0.3, 0.7> wt%,NaClO3  <0.3, 0.7> wt% 

and 0.3 wt% TiO2 
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With the participation of 0.7 wt% NaNO3 for changes in Rm and 0.3% for changes in A, NaClO3 and TiO2 are 

similar (Figure 1 and Figure 8). A large gradient of contour lines indicates intensive changes in the analyzed 

parameters. For 0.7 wt% NaClO3, the TiO2 component interacts more intensively on Rm than NaNO3  

(Figure 3), similarly with 0.3 wt% NaClO3, but in this system the influence of the remaining components of the 

mixture is more intense, although the Rm obtained is lower (Figure 4). Generally, the influence of NaNO3 on 

the analyzed mechanical properties is more intensive than NaClO3, regardless of the share of TiO2  

(Figures 5, 6, 11, 12). The intensity of the TiO2 interaction depends on the proportion of the other two 

components in the mixture. It is generally higher with the participation of at least one of them at a higher level 

(0.7 %) (Figures 1-4 and 7-10). 

5. CONCLUSION 

Based on the results of the research, it was found that: 

• the interaction of individual components of the mixture depends on the share of the other two (it is 

correlated), 

• the interaction intensity can be ordered into NaNO3, NaClO3 and TiO2, 

• ingredients based on Na independently affect the strength parameters of the alloy, while the ability of 

TiO2 to cause changes is strongly influenced by components containing sodium, 

• the mechanical parameters were higher after treatment the alloy with a higher energy mixture (equations 

2-4). 
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