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Abstract 

This study investigates the effect of sprue position on the characteristics of recycled aluminum castings, 

focusing on chemical composition, microstructure, porosity, and hardness. Recycled aluminum from various 

remelted components was used to promote sustainability in metal casting. Three sprue configurations were 

tested—top (A), side (B), and center (C). The analysis included chemical composition (ASTM E-1251), 

microstructure via metallographic microscopy (ASTM E-3), porosity observation, and Brinell hardness 

testing (ASTM E-10). The results showed a composition of 81.20% aluminum, 11.80% silicon, and 4.50% 

iron, classifying the material as an Al–Si alloy. The sprue position significantly influenced casting quality. 

Sprue A achieved the highest hardness value (99.48 BHN) and the finest microstructure with minimal 

porosity. In contrast, positions B and C had lower hardness values (79.04 BHN and 74.11 BHN, 

respectively) and coarser microstructures, due to increased porosity. This study highlights the importance of 

sprue design in minimizing casting defects and improving the mechanical performance of recycled 

aluminum alloys. 
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1. Introduction 

Metal casting is one of the oldest manufacturing processes that remains relevant for 

producing machine components with complex shapes. Materials such as aluminum are widely 

used in various industrial and construction applications due to their lightweight nature, corrosion 

resistance, and good strength when combined with other elements [1]. In the casting process, the 

quality of the final product is greatly influenced by the gating system used, which plays a crucial 
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role in directing molten metal into the mold [2]. Various casting defects, such as porosity and 

shrinkage, often occur and can reduce the mechanical properties of the product, including its 

hardness. Therefore, optimal casting methods continue to be developed to minimize defects and 

improve product quality [3].  

Various studies on metal casting have been conducted, focusing on factors such as the shape 

of the sprue, the riser design, and the location of the in-gate to reduce porosity defects and 

improve the hardness and grain structure of aluminum alloys [4]. However, research that 

specifically compares variations in sprue position (top, side, and center) on pipe products using 

red sand molds remains limited. A deeper understanding of how sprue positioning affects pouring 

rate, defect formation, and the mechanical properties of the product still needs to be explored [5].  

This study proposes an approach to directly analyze the influence of three different sprue 

positions—top, side, and center—on the outcome of aluminum castings. The approach aims to 

identify the most effective sprue configuration for minimizing porosity defects, which in turn 

enhances hardness values and produces finer microstructures [6]. The results of this study are 

expected to provide practical guidance for the casting industry in selecting the optimal sprue 

position for pipe casting products using red sand molds. 

The objective of this study is to comprehensively analyze the influence of different sprue 

positions on the chemical composition, porosity defects, hardness, and microstructure of 

aluminum pipe casting products. [7][8]. Brinell The methods to be used include chemical 

composition testing, microphotography analysis, porosity defect observation, and Brinell hardness 

testing [9]. 

 

2. Method 

Specimen This study adopts an experimental approach to investigate the effect of sprue 

position variations on the quality of aluminum castings in pipe products. The methodology is 

divided into three main stages: material preparation, casting process, and specimen 

characterization. 

2.1 Material Preparation and Methods 

The raw material used is recycled aluminum or scrap sourced from various origins. To create 

the mold, this study utilizes red sand molds, which are a mixture of sand, clay as a binder, and 

https://iite-proceeding.poltekindonusa.ac.id/


 

147 

 

The 3rd International Innovation Technology Proceedings 
Vol 3 No 1 (2025): October 

E-ISSN: 3030-9948 
https://iite-proceeding.poltekindonusa.ac.id  

water [10]. The main equipment utilized includes a melting furnace, a thermocouple for 

temperature monitoring, and various instruments for material testing. 

2.2 Melting and Casting Process 

Aluminum is melted in a furnace at a melting temperature of approximately 750°C. Once the 

molten metal is ready, the pouring process is carried out into the sand mold [11]. In this study, 

three different sprue configurations—top, side, and center—are applied to investigate their impact 

on the quality of aluminum pipe castings: 

1. Position A (Top): Molten metal is poured from the top of the mold, resulting in a fast and 

direct flow into the mold cavity without the need for an additional in-gate. 

2. Position B (Side): Pouring is done from the side, with the metal flowing through an in-gate 

before filling the mold cavity. 

3. Position C (Center): The sprue is placed at the center of the mold, producing a slower and 

longer flow, which may potentially affect the solidification process. 

After pouring, the casting is allowed to cool and solidify, after which the product is removed 

and cleaned of any remaining mold residues [12]. 

2.3 Specimen Preparation and Testing 

Test specimens are prepared from the finished casting products and tested according to 

relevant technical standards: 

1.  Chemical Composition Test: The analysis of elemental content in the casting material is 

conducted using a spectrometer, based on the ASTM E-1251 [13]. 

2. Brinell Hardness Test: The material hardness is measured using a Brinell hardness testing 

machine with a load of 500 Kgf and a 10 mm diameter ball indenter, in accordance with 

ASTM E-10 [14]. 

3. Porosity Defect Observation: Samples are examined both visually and quantitatively to 

detect the presence of air voids formed during the solidification process. 

4. Microstructure Test (Microphotography): Specimens are prepared for microstructural 

observation using a metallographic microscope at magnifications of 100x, 200x, and 500x, 
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following the ASTM E-3 standard [15]. This test aims to identify the morphology of 

aluminum and silicon crystal grains [16]. 

 

3. Result and Discussion 

"This section presents the results of a series of tests conducted on aluminum casting products 

with varying sprue positions, followed by an in-depth analysis and discussion of the findings. 

3.1 Chemical Composition Test Results 

Based on chemical composition testing conducted using a spectrometer, the casting material 

was identified as an aluminum-silicon (Al-Si) alloy. The average composition showed an 

aluminum (Al) content of 81.20% and a silicon (Si) content of 11.8%. Additionally, other elements 

were detected, such as iron (Fe) at 4.50%. The composition of the test samples can be seen in Table 

1. The relatively high silicon content positively affects casting characteristics, such as facilitating 

the pouring process, reducing shrinkage, and enhancing corrosion resistance. However, excessive 

silicon levels may reduce the material's ductility. The iron (Fe) content of 4.50% serves to prevent 

molten metal from sticking to the mold, but an overly high concentration can degrade mechanical 

properties, including tensile strength, and increase the risk of porosity defects 

Table 1. Chemical Composition of Aluminum Casting 

Element Test Specimen (%) Standard Deviation 

Al 81,20 3,214 

Si 11,8 2,11 

Fe 4,50 0,382 

Cu 0,0906 0,0206 

Mn 0,130 0,0974 

Mg 0,115 0,113 

Cr 0,117 0,124 

Ni 0,0133 0,196 

Zn 0,270 0,353 

Sn 0,0953 0,0524 
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3.2 Brinell Hardness Test Results 

The Brinell hardness test revealed significant variation among the three sprue positions. The 

highest hardness value was found in the specimen with sprue position A, measuring 99.48 BHN. 

The hardness value for sprue position B was recorded at 79.04 BHN. The lowest value was 

observed in the specimen with sprue position C, at 74.11 BHN. The specimens can be seen in 

Figure 1, while a summary of the Brinell hardness test results is presented in Table 2. 

 

Fig. 1. Sprue Specimens 

The highest hardness value observed in sprue position A can be attributed to the faster flow 

rate of the molten metal. This rapid pouring rate is effective in minimizing the formation of 

porosity defects and results in a finer grain structure. In contrast, sprue position C, with its slower 

flow rate, allows for more porosity defects to form, which significantly reduces the hardness value 

Table 2. Brinell Hardness Test 

No Sprue Position Brinell Hardness (HB) Values Average HB 

1 Top  100.41 100.21 99.88 99.70 99.34 99.48 

2 Side  79.56 79.20 76.75 76.68 79.47 79.04 

3 Center 74.10 73.59 74.03 73.99 73.95 74.11 
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Fig. 2. Average Brinell Hardness Value 

3.3 Porosity Defect Observation 

Visual and microscopic observations revealed a strong correlation between sprue position 

and the level of porosity defects. Specimens cast using sprue position C exhibited the highest 

porosity, followed by position B, while the lowest porosity was observed in position A. The high 

porosity in sprue position C is attributed to the slower flow rate of molten metal, which allows 

partial solidification before the mold cavity is fully filled, thereby trapping gas. In contrast, sprue 

position A enables a faster and more direct flow, minimizing the likelihood of gas entrapment and 

resulting in significantly lower porosity. Observations were conducted using an optical 

microscope, and specimen images were processed using the ImageJ application to enhance the 

visual representation of porosity [17]. 
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Fig. 3. Specimen Appearance at Top Sprue Position (A): (a) Before Processing, and (b) After 

Processed Using ImageJ Application 

 

Fig. 4. Visual representation of the specimen cast with side sprue position (B): (a) unprocessed 

image, and (b) enhanced image following analysis using ImageJ software to highlight porosity 

features 

 

Fig. 5. Visual representation of the specimen cast with center sprue position (C): (a) unprocessed 

image, and (b) enhanced image following analysis using ImageJ software to highlight porosity 

features. 
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3.4 Microstructure Analysis 

Microstructural observations using a metallographic microscope at 500x magnification 

revealed that the specimen structure consists of two primary phases: large, white aluminum (Al) 

grains and fine, elongated silicon (Si) particles resembling needles. A direct correlation was 

observed between hardness values and grain size. The specimen with the highest hardness, cast 

using sprue position A, exhibited the finest (smallest) crystal grains. In contrast, specimens from 

sprue positions B and C, which showed lower hardness values, tended to have larger crystal 

grains. This confirms that an optimal pouring rate can produce a more homogeneous and refined 

microstructure, contributing to improved mechanical properties of the material 

 

Fig. 6. Microscopic View of Specimens at 500x Magnification for Each Sprue Position: A 

(Top), B (Side), and C (Center) 

 

4. Conclusion 

Based on the analysis of the research findings, several key points can be concluded 

regarding the influence of sprue position in the aluminum casting process: 

1. Influence of Sprue Position on Casting Quality: This study demonstrates that the placement 

of the sprue is a significant factor affecting the quality of the casting product. The top sprue 

position (A) resulted in the highest casting quality, while the center sprue position (C) 

produced the lowest  

2. Relationship Between Hardness, Porosity, and Flow Rate: An inverse relationship was 

found between material hardness and porosity level. A faster pouring rate, as observed in 

the top sprue position (A), proved effective in reducing porosity defects, which directly 
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increased the material’s hardness to the highest value of 99.48 BHN. Conversely, the slower 

flow rate in the center sprue position (C) led to greater porosity formation, resulting in a 

significant decrease in hardness to 74.11 BHN.  

3. Influence of Flow Rate on Microstructure: The pouring rate affects not only macro-level 

defects but also plays a crucial role in the formation of the material’s microstructure. The 

top sprue position (A), which exhibited the highest hardness, produced the finest crystal 

grains. This indicates that a fast and uniform flow promotes a more consistent solidification 

process, resulting in a more homogeneous microstructure and contributing to enhanced 

mechanical properties. 
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