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Abstract 

With the increasing application of aluminum foundry alloys for automotive and aerospace components, the 
aluminum industry must pay close attention to component quality and dependability. This article focuses on 
the interpretation of the relative density and porosity of Al foundry casting and rheocasting alloys AlSi7Mg. 
The most popular Al-Si alloy grain refinement utilized in the casting and rheocasting processes is AlSi7Mg. 
The limitations are using comparable density findings to determine the quality of a component of casting or 
rheocasting state. Two approaches are employed to attain this goal, first the theoretical analysis using the 
JMatPro software, which offers density distribution results depending on the chemical composition of the 
aluminum alloy. Second,the experimental Archimedes method, which provides density data on actual 
aluminum castings alloy. This study advances substantial research on microstructure, grain sizes, form shape 
factors, theoretical and practical density, shrinkage porosity, casting and rheocasting application samples 
alloy, and potential industrial applications of AlSi7Mg. The results show that the average grain size is 
significantly more uniform in the rheocasting comparing to casting average grain size results. In addition, the 
results from the metallographic image analysis of casting and rheocasting application shows five different 
zones from the bottom to the top of the sample. Finally, the study observed that the shrinkage porosity in the 
casting application sample is higher than those of rheocasting application sample. 
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1 Introduction 

The casting components have a complete filling at low solid fractions, according to the results. Microstructure 
size, and solid fraction management for micro shrinkage level are essential. Therefore, this works continues 
to find further potential commercial applications in gravity die casting [1,20].  Rheocasting alloys used in the 
telecommunications industry like a hollow filter with a thin wall thickness (about 0.35 mm) [29]. Current 
aluminum vehicle parts, such as wheels, engines, and transmission components are produced utilizing the 
tilting rheocasting semi-solid process to decrease gas porosity. By focusing on alloy modification and casting 
process parameters [25,26], evaluations of slurry quality manufactured utilizing cast procedures, as well as 
the final microstructure and qualities of rheocasting components [27,29]. They have produced very positive 
results in both castability and final properties.   
The casting aluminum alloy AlSi7Mg is to identify the key few processing factors that are critical in the 
emergence of the shrinkage porosity and to choose remedial actions to reduce the fault so that the components 
passed a leak test [2,4]. 
Thanabumrungkul et. al., (2019) found that the casting, parts have complete filling at low solid fractions and 
the casting yield is also higher than conventional gravity sand casting. Cycle durations, microstructure size, 
homogeneity, and solid fraction control for micro shrinkage level were the key factors imposed on gravity die 
casting. Slurry gravity die cast components experience less micro shrinkage than liquid cast components 
[3,20]. The microstructure and porosity persangage along the components support the findings. 
Thanabumrungkul et. al., (2019) found that the optimizing the solid fraction and mold temperature 
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management are required to reduce shrinkage porosity. Also, shrinkage porosity, microstructure size, and 
homogeneity continue to squander production resources [20].  
The rheo-diecastings’ microstructure and solidification flaws could be effectively improved by the semi-solid 
slurry. The mechanical properties of the rheo-diecastings are superior to those of the typical die castings 
because a high number of the tiny size primary -Al grains with uniform distribution are involved in their 
deformation. [28,31] 
In a tilting pour permanent mold, the main phase -cu was surrounded by a sharp angle that was lessened with 
increased heat treatment stpes, better semi-solid microstructure shape, and decreased liquid droplets with 
improving grain sizes, form shape factors, density, shrinkage porosity properties of semi-solid copper Alloy 
[4,5,6,20]. For Al-Si alloy grain refining, AlSi7Mg is the most widely used throughout the casting and 
rheocasting processes [7,8]. 

Research on microstructure, grain sizes, form shape factors, theoretical and actual density, shrinkage porosity, 
casting and rheocasting application samples alloy, and possible industrial applications is significantly 
advanced by this work. The paper shows that a relative density result derived from Archimedes' measurements 
must be accompanied by a description of the theoretical density. The shrinkage porosity in the casting 
application sample is larger than that of the rheocasting application sample parts. Porosity, which is generated 
mainly by solidification shrinkage and the development of dissolved gases, is one of the most severe issues in 
aluminum castings. Although porosity is unavoidable in each casting, it may be highly damaging to the 
mechanical characteristics. 

2 Experimental procedures 

2.1 Material 

The material used in the investigations was the aluminum alloy AlSi7Mg (EN AB-42000). The chemical 
composition is shown in Table 1. 

Table 1. The chemical composition of AlSi7Mg alloy in wt% 

Al Mg Si Sn Fe Mn Cu Ti Zn Pb Ni 

Bal. 0.25-

0.65 

6.5-7.5 0.05 0.45 0.35 0.15 0.05-

0.20 

0.15 0.15 0.15 

 

Al-Si alloys are refined chemically using traditional techniques [6,30]. The aluminum alloy AlSi7Mg is an 
alloy in the wrought Al-Si series 4xxx. It is generally processed by rolling and extrusion [9,10]. Despite its 
uncommon practice with this alloy, it can also be forged and cladded. The main applications are scaffolding 
elements, rail coach parts, offshore constructions, containers, machine-building, and mobile cranes. The use 
of alloy AlSi7Mg in the above applications displays good resistance to dynamic loading conditions. This is 
attributed to its fine-grained structure [10,11]. This grade is commonly used for pressure-tight castings that 
are susceptible to fatigue loading [8, 9]. After heat treatment, it has good corrosion resistance and high 
strength. Further, this alloy is excellent for marine applications [12].  
In the practical alloy AlSi7Mg, aluminum alloys contents of Si 6.5-7.5 wt%, generally by Si of more than one 
and semi-solid temperature [2,13,14]. 

2.2 Processing 

The two types of aluminum casting alloys are explained, and examples from pressure casting and rheocasting 
processes are contrasted. 

2.2.1 Pressure casting 

A pressure chamber and compressor are used in the pressure casting process to remove air bubbles from a 
casting resin or mold rubber. It is the most effective technique for guaranteeing bubble-free castings [28]. 
Professional prototype model makers who cannot tolerate even one bubble frequently utilize the pressure 
casting technique. Casting will be rejected if there is even one bubble on its surface [5,15]. 
 
 
 
 
 



2.2.2 Semi-solid rheocasting 

Rheocasting is one of the semi-solid metals (SSM) processing methods; it is carried out with the casting and 
rheocasting of semi-solid alloys, producing non-dendritic microstructure and solid spheroids [16, 17]. The 
rheocasting procedure for producing slurries of the alloys as mentioned above is thoroughly discussed in 
[5,10]. 

Figure 1. Rheocasting process steps: (a) a solid block of the same alloy, fastened to a stainless-steel rod in 
advance, (b) dissolved in the melt with synchronous stirring action, and (c) the resulting slurry. 

The raw material for semi-solid rheocasting (SSR) is obtained directly from ingot operations, with no 
intermediary solidification phase [17, 18]. The molten metal is poured into a steel mold at a little over liquidus 
temperature and then treated to produce a globular microstructure using the rheocasting process [19,20]. This 
test necessitates the use of a steel mold. The molten metal is kept above the solidus temperature at an alloy’s 
semi-solid temperature. Stirring is applied for some time. The semi-solid state interacts with the liquid-solid 
alloy as the steel rod rotates, and a temperature gradient between the melt and the rod is shown in (Figure 1) 
[16]. As a result, the melt partially solidifies on the rod’s surface [16, 17]. 

2.3 Application sample 

The Casting and Rheocasting application samples are shown in (Figure 2). 
 

 

Figure 2. Casting and rheocasting application samples. 

Area position one was obtained from the lowest samples, just below the sprue; area position two was taken 
from the center; and area position three was taken from the bottom of the alloy, as illustrated in (Figure 3). 
The samples for area position four were evaluated horizontally between area positions three and five, with 
area position five being obtained from the top samples. 



 

Figure 3. Five area positions of the analyses. 

2.4 Analysis of Microstructure 

Optical microscopy (Neophot 2) was used to investigate the microstructure of the materials. All Samples were 
cut, mounted, grind, polished, and etched by Keller solutions.  
The linear intercept analysis approach was used to determine the average grain size. 

3 Results and discussion 

3.1 Alloy properties 

Data such as temperature versus solid percentage and liquidus and solidus temperatures were computed to 
evaluate the solidification properties within the investigation’s compositional range, as shown in (Figure 4). 

 

Figure 4. The solid fraction, liquids, and solidus temperature of ALSI7MGalloy with different Si content. 

The sensitivity of the solid fraction and solidification range, which are essential parameters for the usability of a 
semi-solid method for alloys with varied Si concentrations, were assessed using thermodynamic estimations [21, 
22]. The slope of the solid fraction vs temperature curve is described as temperature sensitivity, which is written 
as dfs/dT [23]. The solid fraction has a high-temperature sensitivity, which indicates that a slight temperature 
change generates a huge change in the solid fraction, making it difficult to control the solid–liquid melt and get 
the required microstructure [24]. 

The theoretical density data of the casting alloy is 2.7 g/cm3 depending on the alloy’s chemical compositions, 
which is shown in (Figure 5). Additional calculations using the JMatPro software showed that the eutectic point 
of the alloy with the highest alloying content occurred when 2.7 g/cm3 of the density had formed; for the practical 
density in Archimedes method, 2.64 g/cm3 of the solid density had been found. 



 

Figure 5. Theoretical Density of Aluminum EN AB-42000 alloy by using JMatPro. 

3.2 Controlling the solid fraction and mold temperature 

With varied Si concentrations, (Figure 6) illustrates the solid fraction of the alloys as a function of temperature. 
The liquidus temperature drops as the Si concentration rises, whereas the eutectic temperature rises. With variable 
Si concentration, Due to variations in the latent heat that occurs during the solidification of the alloy, the 
temperature sensitivity of the solid fraction decreases as the solid fraction rises to 0.6. The eutectic reaction occurs 
at a solid fraction of 0.6, significantly increasing temperature sensitivity as a function of solid fraction. A greater 
Si concentration in the solid fraction results in reduced temperature sensitivity before the eutectic reaction 
commences. The decreased sensitivity may be due to the increased Si content creating small amounts of the α-Al 
phase, releasing small amounts of latent heat during solidification. Furthermore, the peaks of the curves grow as 
the Si concentration increases, indicating a high quantity of liquid phase in the eutectic process. 

 

Figure 6. Solid fraction and temperature sensitivity of aluminum ALSI7MGalloy. 

 

3.3 Microstructure 

At the alloy’s semi-solid temperature, the nuclei are generated and then flung into the melt by the rotating motion 
of the rod, resulting in a globular microstructure of tiny grains. shown, the fine dendritic structure of the casting 
alloy is shown in (Figure 7a), while the microstructure of the rheocast sample is shown in (Figure 7b). 



 

Figure 7. The microstructure of Casting (a) and Rheocasting (b) application samples. 

 

In the rheocasting alloy, the average grain size was substantially more uniform. The example of the microstructure 
at location R5 in (Figure 8) shows this as well. 

 

 

 



 

 

Figure 8. The microstructures of casting (C) and rheocasting (R) application samples. 

The microstructure of the five locations is shown in (Figure 8): bottom (Position R1, C1) near the sprue, higher 
(Position R2, C2), middle (Position R3, C3), near-bottom (Position R4, C4), and top (Position R5, C5) (Position 
R5, C5). The (R) depicts a rheocasting microstructure with a fine spherical shape phase structure along the sample 
part, whereas Figure (C1) shows a small dendritic phase structure along the sample part, and the (C) depicts a 
casting microstructure with a sizeable dendritic phase structure along the sample part. 

3.4 Grain size 

The macrostructure comparison between casting and rheocasting application samples is shown in (Figure 9). The 
results reveal that rheocasting provides a more homogenous macrostructure than casting. In microstructure 
analysis, the results also confirm the main grain size distribution. At the first area positions, the significant grain 
sizes of casting and rheocasting are 10.821 µm, and 18.21 µm, while at the second area positions the corresponding 
values are 11.34 µm, and 20.122 µm, respectively. At the third and fourth area positions, the primary grain sizes 
of casting and rheocasting are 11.88 µm, 21.76 µm, 12.40 µm, and 21.87 µm, respectively. At the fifth area 
locations, the primary grain sizes of casting and rheocasting are 16.67 µm and 23.13 µm, respectively. 

 

Figure 9. The primary α grain size of the casting and rheocasting application samples. 

 



3.5 Shape factor 

The shape factor of casting and rheocasting application examples is shown in (Figure 10). The shape factor of 
semi-solid rheocasting area samples is significantly larger than the shape factor of casting. 

 

Figure 10. The shape factor of casting and rheocasting application samples. 

 

The shape factor values in both alloys were increased from the down to the top positions. The structure with the 
smallest grain size showed the highest performance in semi-solid creation and the best mechanical characteristics 
and microstructure properties; the shape factors above 0.6-0.7 had the most homogenous properties aside from the 
primary phases' globular size. A spherical particle was assigned a value of 1 in this technique [18]. The shape 
factor and mold temperature control must be fine-tuned [19]. 

3.6 Density and porosity 

The Archimedes approach offers access to global data, allowing the estimation of the relative density of a part 
based on its volume. The Archimedes method has limitations since it must choose which reference material to use 
as a basis for predicting relative density. For example, in our examination of two aluminum alloys, we discovered 
that picking a material equivalent to the foundry alloy, despite being historically used as a reference in the 
literature, can result in more than 100% relative densities. Furthermore, the findings demonstrate that the 
Archimedes technique produces accurate results, particularly when selecting reference materials for theoretical 
computing density. For example, depending on the testing conditions, the density of the casting alloy was lower 
than that of the rheocasting alloy. 

Calculate the mass and volume of the aluminum alloys using the Archimedes method. Calculate the density of 
aluminum alloys by determining the mass and volume of two alloys using Archimedes’ Principle and determine 
the percent difference between your calculated densities in casting alloy and rheocasting alloy.  

The practical density data of the casting alloy and rheocasting sample were 2.64 g/cm3 and 2.69 g/cm3; the results 
are shown in (Figures 11 and 13). 

 

Figure 11. Density values of the cast, the rheocast alloys, and the theoretical density. 



The density of the five-area positions of casting and rheocasting application samples is shown in (Figure 12). 
The shape density in both alloys was increased from the down to top positions. 

 

Figure 12. Density values of five-area positions the cast, the rheocast alloy. 

The shrinkage porosity data of the casting alloy and rheocasting sample were 2.14% and 0.07%. The results are 
shown in (Figure 13). However, less micro shrinkage porosity occurs when the rheocasting time is extended. The 
results demonstrate that the rheocasting sample has reduced micro shrinkage, which can be handled by optimizing 
the solid percentage and controlling the mold temperature. Porosity, considered one of the most essential elements 
of quality, has long been blamed for poor mechanical qualities. 

 

Figure 13. Shrinkage porosity values of individual casting and rheocasting alloy. 

The shrinkage porosity data of the casting alloy and rheocasting sample were 2.14% and 0.07%. The results are 
shown in (Figure 13). However, less micro shrinkage porosity occurs when the rheocasting time is extended. The 
results demonstrate that the rheocasting sample has reduced micro shrinkage, which can be handled by optimizing 
the solid percentage and controlling the mold temperature. Porosity, considered one of the most essential elements 
of quality, has long been blamed for poor mechanical qualities. 

In observing the micro-porosity volume of the casting alloy of the five-area sample from near the top casting work, 
significantly different big and small micro-porosity was found as shown in (Figures 14a and 14b). 

 

Figure 14. big and small micro-porosity volume in five areas casting alloy sample. 

a b 



The big and small porosity volume of aluminum ALSI7MGalloy was monitored via a scanning electron 
microscope. The result of (Figure 15) shows the two-area micro porosity volume in the casting alloy sample. 
(Figure 15 a and b) show two types of micro-porosity volume large and small. This outcome validates the low 
casting density and shrinkage porosity results. 

 

Figure 15. The structure of the porous material of AlSi7 alloy: (a) Large Micro Porosity volume; (b) small 
micro-Porosity volume scanning electron microscope image (JSM 5310, SEM HV 20.0 kV) in two areas 
casting alloy sample. 

4 Conclusions 

The study concludes with an analysis of the metallographic images to calculate the primary α grain size of casting 
and rheocasting application in five different zones and the sample from the bottom to the top of the casting. In 
addition, the results show that the α average grain size and shape factor was significantly more uniform in the 
rheocasting comparing casting average grain size results. The following conclusions are drawn: 

• Micro shrinkage in the rheocasting application is lower than in the casting application sample. The 
microstructure and porosity percentage along the rheocasting application components support the 
findings.  

• The average primary grain sizes of rheocasting application sample parts are less than casting 
application sample parts. The microstructure homogeneity of the rheocasting application is also 
improved. 

• The metallographic image applications in five different zones from the bottom to the top have 
significantly more uniformity in the rheocasting comparing casting average grain size results. 

• The shrinkage porosity in the casting application sample is higher than those of rheocasting 
application sample parts, microstructure, and Scanning Electron Microscope images along the parts 
confirm the results. 

• The shape factor arrangement is a factor to reduce shrinkage porosity. The solid fraction and 
temperature sensitivity management must be tuned to reduce shrinkage porosity. 
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