
American Journal of Materials Science 2015, 5(3C): 43-47 
DOI: 10.5923/c.materials.201502.09 

Three Body Abrasive Wear Study on A356 Aluminum 
Alloy under T6 Heat Treated Conditions 

Vijay Kumar S. L.*, Vikranth Kannanth M. S., Vinay D. R. 

Department of Mechanical Engineering, Mangalore Institute of Technology & Engineering, Moodbidri, India 

 

Abstract  The main aim of this study is to examine the three body abrasive wear of A356 aluminum alloy under T6 heat 
treated condition and comparing the same with that of the base A356 alloy. The parameters employed are speed, load applied 
on the specimen and number of revolutions or number of turns. Three body wear test has been carried out on dry sand low 
stress rubber wheel type of abrasive wear test machine. T6 heat treatment is the commonly used heat treatment for this class 
of alloys. Mechanical properties of A356 aluminum alloy have been investigated by tensile and hardness tests. The effects of 
heat treatment on abrasion resistance, tensile strength and hardness of the A356 aluminum alloys have been investigated. It is 
observed that abrasion resistance increases for T6 heat treated alloy at different speed, load and number of revolutions. 
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1. Introduction 
The dry sand/rubber-wheel abrasion test is widely used to 

evaluate low-stress abrasive wear of materials, particularly 
for evaluating wear-resistant materials used in the mining, 
oil sand and agricultural machinery industries. During such a 
test, a specimen is loaded against the rim of a rotating rubber 
wheel; a sand flow is directed to the gap between the wheel 
and specimen, abrading the specimen under an applied 
normal load at a certain sliding speed. Abrasion resistance of 
a material is evaluated by measuring its volume loss. A high 
wear-resistant material has a low volume loss. 

The A356 alloys commonly named as Al-Si alloys pertain 
to the most popular aluminum casting alloys. Mechanical 
properties of castings made from these alloys depend on the 
process of melting and pouring, structure of the casting and 
mould, as well as their heat treatment. In A356, aluminum 
(Al) is the major metal. The distinctive alloying elements are 
silicon, magnesium, manganese, copper and zinc. It is 
distinguished by good mechanical characteristics, high 
ductility, excellent casting characteristics as well as high 
corrosion resistance. The alloy has been widely applied in 
the machinery, aircraft and defence industries and 
particularly in the automotive industry to replace steel 
components [1-5].  

A standard heat treatment for Al-Si alloys consists of 
solutioning and artificial ageing. Solutioning process 
includes holding the alloy below the eutectic reaction  
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temperature in order to dissolve the precipitations of Mg2Si 
and homogenize the chemical elements concentration on the 
cross-section of dendrites of α phase. In ageing, 
supersaturated alloy is soaked to separate strengthening 
phases from the super saturated solution [6]. The T6 heat 
treatment produces maximum strength (hardness) in 
aluminum alloys. Unfortunately it requires a relatively long 
time to be carried out and therefore has significant financial 
implications. However, they need more than 4 h for solution 
at 540°C, and more than 6 h for aging at 150°C, thus cause 
substantial energy consumption and low production 
efficiency. It is beneficial to study a method to reduce the 
holding time of heat treatment.  

According to Rosso and Actis Grande, a solution heat 
treatment of 1 h at 540°C is sufficient to obtain a high level 
of mechanical properties in the T6 temper (hardness, yield 
strength, ultimate tensile strength and % elongation) [7]. The 
T6 heat treatment of Al-7Si-0.3 Mg alloy includes two steps: 
solutioning and artificial aging; the solution step is to 
achieve α (Al) saturated with Si and Mg and spheroidized Si 
in eutectic zone, while the artificial aging is to achieve 
strengthening phase Mg2Si. Recently, it has been shown that 
the spheroidization time of Si is dependent on solution 
temperature and the original Si particle size [8-12].  

2. Experimental Details 

2.1. Material 

A356 alloy for testing was melted in a induction furnace at 
650°C and poured in to the sand mould to get the slab shape. 
Subsequently the castings are machined into different size 
samples for testing. Table 1 shows the chemical composition 
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of A356 alloy material used in the present study. 

2.2. Heat Treatment 

In the present investigation A356 alloy is subjected to 
solution heat treatment at 550°C for 1 hour followed by 
water quenching. Artificial ageing is performed by 
maintaining specimen at 170°C for 1 hour followed by air 
quenching. 

2.3. Hardness Test 

Brinell hardness measurement is carried out in order to 
investigate the hardness of the material. The applied load 
was 500 kg and an indenter of 10 mm diameter of steel ball is 
used. The specimens were metallographically polished 
before the hardness measurement in Brinell hardness tester. 

2.4. Tensile Test 

The tensile tests were performed using a screw driven 
Instron tensile testing machine in air at room temperature. 
The cross-head speed was 1 mm/min. The strain has been 
measured by using an extensometer attached to the sample 
and with a measuring length of 50 mm. The 0.2% proof 
stress has been used as the yield stress of alloys. The values 
of yield strength, ultimate strength, young’s modulus and 
elongation are determined for the heat treated material and 
Al356 base alloy. The specimens are prepared as per ASTM 
E8-M11 standard as shown in Figure 1.  

 

Figure 1.  The tensile test specimen 

2.5. Abrasion Test 

The Three body abrasion test has been carried out at room 

temperature on A356 alloy. The test has been performed 
using standard rubber wheel abrasion testing apparatus as per 
ASTM G65 standard. Details of the sand abrasion tester 
employed in the present study are reported in Table 2 below. 
The specimen size of 76×25.4×12.7 mm was cut from the 
cast samples (ASTM G65) and were metallographically 
prepared and polished. Loads are varied from 2 kg to 5 kg at 
different wheel speed and silica sand of grain size 50µm has 
been used as the abrasive media. The abrasive has been fed at 
the contacting face between the rotating rubber wheel and 
the test sample. The tests were conducted at a rotational 
speed of 100, 150, 200 rpm. The rate of feeding the abrasive 
was 350 g/min.  

The sample has been cleaned with acetone and then dried. 
Its initial weight has been determined in a high precision 
digital balance, before it has been mounted in the sample 
holder. The abrasive particles were introduced between the 
test specimen and rotating abrasive wheel composed of 
Chlorobutyl rubber tire (hardness: Durometer-A 60, A70-72). 
The diameter of the rubber wheel used was 228 mm. 

3. Results and Discussion  
3.1. Microstructural Studies 

SEM images of base A356 and T6 heat treated A356 alloy 
samples are shown in Fig. 2 (a) and (b). It can be observed 
that precipitation size is larger in non-heat treated material 
compared to heat treated material. Hence it can be concluded 
that the size of the precipitation will play a major role in 
strengthening of A356 alloy. The precipitation size is small 
in the heat treated specimen and thus the material shows high 
resistance to plastic deformation. In the present study heat 
treated materials are showing very high resistance to 
abrasive wear compared to non heat treated material. Fig. 3 
(a) and (b) shows worn surfaces of A356 base alloy and T6 
heat treated A356 alloy. It can be observed that more number 
of grooves in Fig.3 (a) due to low fracture elongation in base 
A356 alloy and also observed that in Fig.3 (b) the number of 
grooves are minimized after T6 heat treatment. 

    

(a)                                          (b) 

Figure 2.  SEM images of (a) base A356 alloy & (b) T6 heat treated A356 alloy 
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Table 1.  Composition of A356 (wt. %) 

Al Si Mg Fe Zn Mn Ti Ni Ca Pb P 

93.2 6.14 0.425 0.180 0.063 0.013 0.009 0.006 0.005 0.002 0.002 

 

     

(a)                                      (b) 

Figure 3.  SEM images of worn surfaces (a) Base A356 alloy & (b) T6 heat treated A356 alloy 

Table 2.  Details of the sand abrasion testing machine 

SL. No Description Particulars 

1 Abrasive material AFS 50/70 Quartz grain sand 

2 Abrasive flow rate 0.35 kg/min 

3 Power 230 V (1 Phase) 

4 Rubber wheel material Chlorobutyl rubber 

5 Rubber wheel diameter 228.6 mm 

6 Rubber wheel hardness A-60, A-70-72 

7 Rubber wheel speed 250 rpm 

8 Specimen dimension (76 ×25.4 ×12.7)mm 

9 Load Min-3.50 kg, Max-13.25kg 

3.2 Hardness Test 

In this study, three trails for each specimen are taken into 
consideration. From Table 3, it can be observed that the  
hardness value of heat treated specimens is more than that of 
non-heat treated specimens the reason being drastic changes 
in the microstructure of A356 alloy as a result of T6 heat 
treatment process. 

Table 3. Hardness values of A356 alloy 

Specimens Applied 
Load (Kgf) d (mm) BHN 

A356 Base alloy 500 3.22 59.68 

A356 T6 heat treated 500 2.689 83.17 

3.3. Tensile Test 

The Table 4 shows the Tensile test results of A356 base 
alloy and A356 T6 heat treated condition. 

It can be observed from Table 4 that, Young’s modulus (E) 
of base A356 material is lower compared to that of T6 heat 

treated material, the reason being an increase of yield 
strength (YS) and ultimate tensile strength (UTS) with 
ductility during T6 heat treatment. The % elongation, of the 
material without heat treatment is significantly higher. 
Spheroidization of the brittle silicon is the main reason for 
the decreased % elongation values for T6 heat treated  
condition [10]. 

Table 4.  Tensile tests results 

Type of 
specimen 

E 
(N/mm2) 

YS 
(MPa) 

UTS 
(MPa) 

Elongation 
(%) 

A356 Base 
alloy 180 120 233 18.5 

A356 T6 heat 
treated 208.3 160 238 16.2 

3.4. Abrasion Test 

Tables 5 and 6 show the abrasive wear test results of base 
A356 and A356 T6 heat treated specimens for 20 and 30 
rotations respectively. 

Fig. 4 and 5 shows the graph of speed vs. weight loss of 
A356 aluminum alloy with and without heat treatment 
condition for 20 and 30 rotations respectively. In this 
experiment, under varying load, speed and number of 
revolutions of rubber wheel, it has been observed that weight 
loss is more in A356 base alloy compared to that in T6 heat 
treated A356 alloy. From abrasion study it is evident that, the 
material having higher yield strength shows better abrasion 
resistance compared to that of low yield strength material. 
Tensile test results show that heat treated material possesses 
higher yield strength compared to base A356 alloy again 
spheroidization of silicon being the reason for increase in the 
fracture elongation of material under T6 heat treated 
material. 
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Figure 4.  Effect of wheel speed on weight loss of A356 Base alloy and T6 
heat treated alloy at different loads for 20 rotations 

 

Figure 5.  Effect of wheel speed on weight loss of A356 Base alloy and T6 
heat treated alloy at different loads for 30 rotations 

Table 5.  Abrasion test results of 20 rotations 

Sl. No. No. of 
rotations 

Wheel Speed 
(rpm) Load (kg) Weight loss (g) A356 

Base alloy 
Weight loss (g) A356 T6 

heat treated 

1 20 100 2 0.021 0.021 

2 20 150 2 0.034 0.022 

3 20 200 2 0.04 0.025 

4 20 100 4 0.039 0.035 

5 20 150 4 0.048 0.043 

6 20 200 4 0.06 0.05 

7 20 100 5 0.047 0.041 

8 20 150 5 0.059 0.051 

9 20 200 5 0.062 0.061 

Table 6.  Abrasion test results of 30 rotations 

Sl. No. No. of 
rotations 

Wheel Speed 
(rpm) Load (kg) Weight loss (g) A356 

Base alloy 
Weight loss (g) A356 T6 

heat treated 

1 30 100 2 0.032 0.018 

2 30 150 2 0.035 0.02 

3 30 200 2 0.048 0.027 

4 30 100 4 0.052 0.041 

5 30 150 4 0.055 0.045 

6 30 200 4 0.085 0.068 

7 30 100 5 0.061 0.056 

8 30 150 5 0.068 0.064 

9 30 200 5 0.088 0.077 

 

4. Conclusions 
Based on the experimental observations, the following 

conclusions can be drawn: The three body abrasive wear 
resistance of the material increases when it is subjected to T6 
heat treatment process. Also the, hardness, yield strength 
values of heat treated specimen are significantly higher 

compared to that of A356 Base alloy. Analysis of worn 
surface by Scanning Electron Microscope (SEM) indicates 
that in non heat treated specimen the size of the precipitation 
is larger, but in case of heat treated specimen the 
precipitation size is smaller. This factor plays major role 
during fracture in three body abrasion test. 
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