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ABSTRACT  

The effect of runner size, mould temperature, and pouring temperature on the mechanical properties 

of aluminum alloy part produced through sand casting was investigated. Aluminum alloy scraps of known 

specification were sourced locally and recycled into cylindrical shapes in a   sand mould. Azare foundry sand 

was used for the production of moulds. The effect of the runner size was studied by tapering the size of the 

runner towards the mould cavity. The reduced cross-sectional area of the runner is considered. The prepared 

mould was pre- heated within a temperature range of 25—2300C. However, pouring temperature was varied 

within the range of 700—8500C.The mechanical properties’ aluminum alloy castings studied were hardness, 

impact and tensile strength. The results showed that the selected process parameters significantly influence 

the mechanical properties of the aluminum alloy casting. The results of this study can be employed as input 

data in sand casting process, which is one of commonest manufacturing methods being practiced in 

developing countries; so that the high volume of the defective castings usually produced will be reduced, 

thereby making the process less expensive. 
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INTRODUCTION 

Aluminium is the most common element in the earth crust and exists as aluminium oxide (Degarmo 

et al, 1988 and Airapetov, 1986 ). It possesses some peculiar properties such as high resistance to corrosion, 

ease of fabrication, high thermal and electrical conductivity, low weight and bright colour (Sanders, 200 and 

Degarmo et al, 1988). Aluminum alloy casting has melting temperature of 660°C and its pouring temperature 

range is between 649°C -750°C. The knowledge of melting temperature of metals and alloys is necessary to 

estimate their corresponding pouring temperature (Jain, 1986 and Dieter,1981)). When the pouring 

temperature is lower than its optimum value, the mould cavity will not be filled because the gate or riser will 

solidify too rapidly and this will intercept directional solidification. On the other hand, high pouring 
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temperature can cause shrinkage of the casting and mould warping (Grill, 1982; Lindberg, 1997 and Lancer, 

1981). Alloys of aluminium can be used for packaging in food industries, production of pistons, cylinder 

heads, sumps of internal combustion engines and electrical cables (Chapman and Martin, 1975 and Lancer, 

1981). The ability to significantly alter the properties of Aluminium through modern manufacturing 

techniques has improved tremendously in recent times. Some of these manufacturing techniques include: 

casting, forging, extrusion, drawing, welding, just to mention but a few. 

To an engineer, the pre-requisite to correct materials’ selection for improved service performances 

are high mechanical properties of such materials. Although different manufacturing methods of engineering 

components have been developed, the primary aim of each method is to produce components with good 

mechanical properties. Some of these methods include forging, drawing, rolling, extrusion, etc. The raw 

materials for most these processes are ingots which are usually produced through casting. Some of the 

manufacturing methods were developed because of the quest to improve the mechanical properties of the 

materials especially metals and their alloys (Lancer, 1981 and Donald, 1989). Although, these processes can 

no doubt result to increase in the mechanical properties of materials such as metals, the cost of setting up 

these metal working processes is expensive. For example, the three Inland rolling mills in Nigeria settled 

with the responsibilities of producing rods, wires and pipes have stop productions over ten years now because 

of the country inability to maintain them. Attempts to bypass some of these processes saw the development 

of other casting techniques such as pressure die casting, squeezed casting, permanent mould casting, etc. The 

purpose of this study is to eliminate not only some of the casting defects but bypass most of these 

manufacturing techniques.  

Casting is a metal object produced by allowing molten metal to solidify in a mould (Sanders, 2001). 

The shape of the object is determined by the shape of the mould cavity. Casting as a process involves an 

interplay between so many parameters such as melting temperature of charge, the mould condition 

(temperature, moisture content, sand and type of binders used), pouring temperature, and the gating design 

(i.e. pouring speed, runner size and included gases), the casting size, the type of alloy. The variation in most 

of these process parameters from their set values can affect the rate of solidification of the molten metal in 

the mould and this in turn can affect crystals’ formation. In another word, the difference in the microstructure 

of the casting can result due to the non-uniform cooling of the molten metal in the mould. It is established 

that to ensure uniform cooling of the molten metal in the mould, the law of uniform flow must be maintained 

(i.e. constant volume per second flow of the molten metal during the filling of the mould cavity). The task of 

ensuring that a uniform microstructure is formed in a casting depends on the ability to maintain a law of 

uniform flow during the feeding of the mould (Sanders, 2001). In casting, especially sand casting, it is 

difficult to maintain this law because of the difficulty of controlling its process parameters. Therefore, it is 

difficult to produce a casting with uniform microstructure ( Degarmo et al, 1988 and ASME). The no uniform 

formation of microstructure in castings can result to poor mechanical properties and this has been one of the 
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main problems with which physical metallurgy is concerned (Whillock et al, 1991 and Ward, l993). Some of 

the processes developed to eliminate this deficiency include heat treatment (Annealing, quenching, 

normalizing chemical, low and high temperature thermo-mechanical, etc), forging, rolling, and drawing, just 

to mention but a few (Jatau and Datau, 2002; and Novikov, 1986)) 

To achieve the aim of this study, effect of varying runner size, pouring temperature and   

On the mechanical properties aluminium alloy was studied. 

MATERIALS AND METHOD 

Materials/Equipments 

Aluminium scraps(i.e. from Northern cable company,NOCACO), Silicon, Iron, Sodium chloride – Potassium 

chloride (NaCl-KCl) powder, Graphite crucible, Electric resistance furnace, Azare foundry sand, Mould, 

pattern, Rammer, Tensile and hardness testing machine.  

METHOD  

Preparations of The Mould  

At first, moulding sand was produced by adding water to Azare foundry sand of known 

specification (Tokan et al 2004). Mould boxes (i.e. drag and cope) were produced using wood. The drag was 

placed on a a flat wooden board and then a cylindrical pattern placed on the board.  The moulding sand was 

added to the pattern and rammed, properly. When properly rammed, the mould box containing the pattern 

was turned upside down and the parting sand was applied. The cope was place on the drag and care was 

taken to ensure proper alignment. The positions of the gate and the riser were located using circular pipes; 

and then the moulding sand was added again. When properly rammed, the cope was removed and then the 

pattern was removed. A runner of cross-sectional area, 380mm2 (i.e. 38mm wide and 10mm deep) and 

208mm2 (i.e. 26mm wide and 8mm deep) was produced. This process was repeated for other runner sizes. 

Then the assembled moulds were placed in a furnace and preheated to temperatures of 37°C, 150°C, 190°C, 

and 230°C for holding time of 35 minutes. 

Preparation of the Charge 

The analysis of the aluminium alloy that was used for this work was done at the foundry shop of the 

National Metallurgical Development Centre (NMDC) Jos, Nigeria. High purity aluminium electrical wires 

(i.e scraps) obtained from the Northern Cable Company (NOCACO), Kaduna, was charged into a graphite 

crucible kept in electric resistance furnace. It is free from dust and contamination. The Silicon and Iron 

contents were kept constant. 0.01% sodium chloride- potassium chloride (Nacl-Kcl) powder was added to the 

charge. This can minimize the oxidation of aluminium by excluding oxygen and creating a protective 

atmosphere inside the furnace. 
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 The temperature of the furnace was raised to 720°C and 4.6% silicon and 1.5% iron were added 

using ferrosilicon. The charge was stirred continuously when melting was in progress. Then, the furnace 

temperature was raised to 780°C and the melt was held at this temperature for ten minutes. It was then 

skimmed to remove the oxides and impurities.  

With the help of the furnace, pouring was carried out at temperatures of 700°C, 750°C, 800°C, and 

850°C ; and holding time for each temperature was 20 minutes. 

The molten metal was continuously stirred in order to ensure a near-uniform distribution of alloying 

elements. For each specimen 1.6kg of charge materials was used. The result of the chemical analysis and the 

composition of aluminium alloy used are shown in table 1. 

 Casting of Specimens 

To study the effect of runner size, mould temperature and pouring temperature, a total 36 specimens 

were produced as follows: 

First the molten metal was poured into the assembled moulds having different runner sizes. 

Again of the molten metal was poured into the moulds preheated to temperatures of 37°C, 150°C, 

190°C, and 230°C for holding time of 35 minutes.  

  The process was repeated but the molten metal was poured at temperatures of 700°C, 750°C, 800°C, 

and 850°C. 

Specimen for Tensile Test 

The castings were machined to the required specifications (figure 1). The equipment used for the 

tensile test was a universal testing machine, model SSR25 14. The capacity of the machine is IOOKN and is 

hydraulically operated. The test specimen was fed into a locking socket which provided the grip of specimen 

at the base and at the top.  The specimen held at both ends was made to tension slightly and the meter was set 

to zero with the pump handle in the down position and locked. 

The pump handle was raised and pressed down so as to apply the load. The load was increased 

uniformly until the specimen rupture. The corresponding extension was noted. This process was repeated for 

other specimens. 
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Fig1: specimen for tensile test 

Specimen for Impact Test 

The specimens for impact test were machined to specifications using a milling machine (figure 2). 

The equipment used for this test was the impact testing machine, WOLPERT, model RW 30115.The capacity 

of the machine is I50J. The pendulum was raised to the maximum height and the test piece was placed 

horizontally at the specimen holder. The pointer’s reading was noted. The pendulum was released and strikes 

the specimen at the notch. The pointer’s reading was noted again.  The difference between is the energy that 

made the specimen to fail. This process was repeated for other specimens. The impart strength of the 

specimen was determined as follows: Impart Strength = energy expended/cross – sectional area of the 

specimen 

 

Fig. 2: specimen for impact test 

 Specimen for Hardness Test 

Specimens for hardness test were produced (Figure 3).The Rockwell method was adopted. A 

standard block of hardness of 101.12 HRB, a minor load of 10kg and a major load of 100kg were used 

respectively. A hand wheel was used manually to raise the spindle towards the interior until the small needle 

has made this full turn which signals the application of the pre-load to the exact zero setting of the scale ring 

of the dial gauge. The application of the test load and the release were effected by means of a motor drive 
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eccentric. The motor stopped automatically after the test was completed. It was carried out in 7.5 seconds and 

the reading was taken for each specimen at different points on the specimen. The hardness is determined by 

the depth of indent produced by a steel ball. The correct indenter and a selected pre-load stop of 100kg at 

10kg was 5mm. The test specimen was placed on the test table. 

 

Fig 3: Specimen for hardness test 

From literature review, the following formulas were used to determine Ultimate strength and 

percentage elongation (%) respectively (Donald, 1989). 

% Elongation = (L-L0)              ........................... (1) 

`      L0                                            

Where:  L = Final length after fracture; L0 = Gauge length 

Ultimate Strength =   Maximum Load               ................................. (3) 

                                 Original cross- sectional area 

RESULTS AND DISCUSSIONS 

The chemical composition of the recycled Aluminum alloy scraps is presented in Table 1.The 

results of the effect of mould temperature, pouring temperature, and runner size on the mechanical properties 

and solidification times of aluminium alloy parts are shown in tables 2, 3, and 4 respectively. Also, graphs of 

process parameters versus mechanical properties and solidification times were plotted (figure 4, 5, and 6). 

From table 2, it is observed that an increase in mould temperature resulted to decrease in 

solidification time and impact strength. However, for the same increase in the mould temperature, the 

ultimate strength, hardness, and percentage elongation increased. The ultimate strength was the most 

affected. For example when the mould temperature was increased from 37oC to 150oC, the ultimate strength 

increased from 29.50N/mm2 to 49.30N/mm2. Perhaps the decrease in the solidification time resulted to 

formation of uniform grains structure during recrystallization. Also the decrease in the solidification time 

must have resulted to uniform filling of the mould cavity, eliminating some of the casting defects such as 
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blow holes and shrinkage which would have caused decrease in the mechanical properties (Grill, 1982 and 

Jain, 1986).     

From the graphs of fig. 5, it is observed that the increase in the pouring temperature caused decrease in the 

impact strength also. For example when the pouring temperature was increased from 800oC to 8500C the 

impact strength decreased from 0.31J/mm2 to 0.30 J/mm2. Again, increasing the pouring temperature caused 

increase in the time of solidification, ultimate strength, hardness, and percentage elongation though the 

increase these mechanical properties are not as significant as in the cast of mould temperature. For instance, 

increases in the pouring temperature from 800oC to 850oC, the ultimate strength increased by 3.20N/mm2. 

The small increase in the ultimate strength may be because of the trapped gases such as hydrogen resulting 

from the burning of the crystals during melting.   

Also from table 4, it is observed that increasing the runner size towards the mould cavity produced 

corresponding decreases in the solidification time other mechanical properties for this alloy. The decrease in 

the mechanical properties may be as result of non-uniform crystal structure formed because of the decrease in 

the solidification time (Llewellyn, 1997). Since the velocity of molten metal going in the mould cavity is 

decreased, the filling of the mould cavity is  delayed resulting to non-uniform solidification of the molten 

metal and this can results to non- uniform microstructure formation within the solidified casting(i.e. coarse 

and fine grain structure within the casting)   

CONCLUSIONS 

1. It is discovered that the mould and pouring temperatures significantly affect the mechanical 

properties of sand casted aluminium alloy. Ultimate strength, hardness, and elongation increased 

with increased the mould and pouring temperature. The increased in the ultimate strength is more 

than that of hardness and elongation.  

2. Decreasing the runner size resulted to increase in the solidification time, ultimate strength, hardness 

and elongation. That is, if the runner’s size towards the mould cavity is made smaller than the one 

towards the sprue, both solidification time and the mechanical properties of the alloy will increase.  

3. For this alloy, the pouring temperature to achieved improved mechanical properties ranges from 

800oC – 850oC. Also for the casting of this size, the runner’s size should not exceed 100mm2.  
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APPENDICES 

Table 1: chemical composition of the Aluminium alloy 

Element  Al Fe Si 

Concentration 
(wt%) 

93.9 1.5 4 
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Table 2: Solidification time and mechanical properties at different mould temperature 

Mould 
Temp 
(0C) 

Solidification 
time (min) 

Impact 
Strength 
(J/mm2) 

UTS 
(N/mm2) 

Hardness 
(HRB) 

Percentage 
Elongation 
(%) 

25 2.56 0.32 29.5 10.04 1.7 
150 2.4 0.17 45.3 11.42 2.9 
190 2.13 0.14 56.8 14.53 3.2 
230 2.08 0.12 72.6 17.6 5.5 

 

Table 3: Solidification time and mechanical properties at different pouring temperature 

Pouring 
Temp 
(0C) 

Solidification 
time (min) 

Impact 
Strength 
(J/mm2) 

UTS 
(N/mm2) 

Hardness 
(HRB) 

Percentage 
Elongation 
(%) 

700 1.2 0.46 44.2 15.08 1.8 
750 1.47 0.32 50.5 16.47 2.5 
800 2.32 0.31 64.2 17.6 6.8 

850 3.24 0.3 67.4 18.22 9.9 
 

Table 4: Solidification time and mechanical properties at different runner size 

Runner 
size 
(mm2) 

Solidification 
time (min) 

Impact 
Strength 
(J/mm2) 

UTS 
(N/mm2) 

Hardness 
(HRB) 

Percentage 
Elongation 
(%) 

100 4.22 0.44 64.2 17.4 2.6 
180 4.02 0.25 60 14 1.4 
285 3.3 0.21 56.8 12.1 1.4 

315 3.1 0.18 52.6 10.02 1 
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