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Abstract: An effort to decrease the wear of used material by the means of alloying element has 
been done. Used pistons made of aluminium alloy have been considered for the present study. 
Surface wear damage of piston by sliding wear results in drop in efficiency, increase repair and 
cause of failure. To counter at the surface wear problems, the surface of the component is suitably 
modified by hardening process. In this regard, addition of alloying element by casting is 
prepared. In the present study the effect of zinc addition on wear resistance of aluminium alloy 
has been done. The newly developed composition of zinc added aluminium alloy was 
characterized by Micro-Hardness analysis. Subsequently the wear behavior of aluminium alloy 
with and without addition of zinc was investigated according to ASTM Standard G99-03 on a 
Pin-on-disk wear test rig. Wear loss were calculated for both the compositions under 10N, 20N 
and 30N normal loads and a different sliding speed of 350 rpm, 400 rpm and 450 rpm 
respectively. From these combinations a significant effect is observed. 
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I. INTRODUCTION 

Wear is removal of material from a solid surface by the sliding action on another solid and is caused by 
friction, fatigue or vibration. Both sliding surfaces are damaged by these processes. Wear causes 
progressive damage involving material loss. It occurs on the surface of the component due to sliding 
surfaces may be dry or lubricated and loss of material is different in each case. Contamination on 
material’s surface such as debris or particles between the sliding surfaces also increase wear rate and 
damage to the surfaces [1]. Over the past few years, much effort has also been made to understand the 
behaviour of surfaces in sliding contact and the mechanism which leads to wear. Aluminium–silicon 
alloys have the potential for excellent in this field [2].  Aluminium-based alloys present a number of 
interesting properties, such as low density, corrosion resistance, thermal and electrical conductivities 
and good recyclability. In addition, high mechanical properties can be obtained through precipitation 
hardening, allowing and find out their application in structural components. For all these reasons, there 
is a strong trend in increasing the use of aluminium, particularly in the automotive industry [3]. Pistons 
are generally casted from aluminium alloys, for better strength and fatigue life in some racing cars 
pistons may be forged instead. 6061 Aluminum alloy is one of the most extensively used 6000 series 
aluminum alloys and is widely used in the auto industry as well as automobile parts. These alloys are 
resistant to sudden temperature changes. Due to this, in the design of this type of alloys, their mechanical 
and thermal strains have to be critically considered without ignoring their environment aggressiveness 
during exploitation. Different grades of piston alloys contain various contents of major and minor 
alloying elements [4]. Compared to traditional aluminium alloys, aluminium alloy composites reinforced 
with ceramic particles have better stiffness, creep resistance and wear resistance. The alloyed technique 
can be implemented successfully in various industries for hardening the material as this is a cheap and 
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flexible substitute than other treatment. It has been identified that insufficient amount of work has been 
done in the field of addition of zinc alloy in 6061 aluminium alloy used for piston and  influence of 
process on 6061 aluminum alloy. Zinc–Aluminium (ZA) alloys are important bearing materials, 
especially suitable for high load and low-speed applications. Their main advantages are good 
tribo-mechanical Properties, low weight, excellent foundry castability and fluidity, good machining 
Properties, low initial cost, and environmental friendly technology. Good characteristics of 
Zinc-Aluminium (ZA) alloys have inspired researchers to reinforce them with different dispersed 
reinforcement materials (SiC, Al 2O3, glass fibers , graphite and garnet) in order to obtain much more 
enhanced mechanical and  tribological properties [5]. In present paper the study of surface hardness and 
wear is done on used aluminium alloy and with zinc addition has been done. The aim is to overcome the 
losses during metal to metal contact due to abrasive wear and recycling of aluminium alloys.  

II. EXPERIMENTATION 

The aluminum used in present experiments was used pistons of vehicles whose composition matches 
with A6061 alloy. A6061 alloy is used for pistons for high performance internal combustion engines 
because of its low coefficient of thermal expansion and its high resistance to wear. Figure no 1 shows 
the aluminum piston scrap.  

 

 

Fig. 1 Aluminum Piston scrap 

A.  Aluminium Alloy with Zinc  

Zinc metal is used in powder form. It was poured into metallic molds with required composition in 
molten metal. 16% of zinc powder is mixed with melted aluminum alloys (melt at 700-750˚C). 
Percentage composition was estimated by measuring zinc weight and accordingly percentage was 
selected. Zinc weight was measured and accordingly zinc powder was added to calculate the %age 
composition using hit n trail method. After that the 240 gm mixture of zinc powder was applied in the 
melted aluminum alloy of 1500gm. The following %age compositions were calculated as shown 
below: 
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Fig. 2 Zinc metal powders 

B.  Selection of Process Parameter 

The process parameters selected were load, and speed for carrying out the experimental work. The 
working range of load for wear test was 10-30N. Accordingly, three levels were selected from the 
operating range. Speed in wear test varies from 350-450 rpm. Percentage of additive alloy selected 
was 16% of zinc. Three levels of both the variables were selected and their working range is given in 
table no1. 

Table 1. Process Parameters and their Working Range 

Paramete
r 

Load(N
) 

Speed(rpm
) 

Set 1 10 350 

Set 2 20 400 

Set 3 30 450 

There were 18 numbers of sets generated according to all possible combinations of parameter. 
According to these sets 18 pins were required in which 9 pins of without zinc addition and 9 pins of 
with zinc addition with length of each pin was 30mm and 8mm diameter. Table no 2 shows the set of 
experiments. 

Table 2. 18 Set of Experiments 

Sample 
No. 

Load(N
) 

Speed(rpm
) 

Sample No. Load(N) Speed(rpm
) 

Set 1 10 350 Set 10 10 350 

Set 2 10 400 Set 11 10 400 

Set 3 10 450 Set 12 10 450 

Set 4 20 350 Set13 20 350 

Set 5 20 400 Set14 20 400 

Set 6 20 450 Set15 20 450 

Set 7 30 350 Set16 30 350 

Set 8 30 400 Set 17 30 400 

Set 9 30 450 Set 18 30 450 
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C.  Preparation of Test Specimens  

The furnace used for the melting of the aluminium scrap was crucible furnace, which make use of coke 
for burning. The process involved re-melting clean scrap; therefore principal concern was to avoid 
melting losses and gas inclusion. Fast melting with minimum disturbance was aimed. Zinc powder 
(reinforcement) was pre heated to 450˚C-600°C and maintained at the same temperature for about 20 
minutes to remove the moisture content and mixed in to the molten metal with temperature maintained 
at more than 720°C. 

 

Fig. 3 Melting of scrap pistons 

Compositions of these alloys are measured with spectroscopy and the measurement was done at 
“Prem Steeel company”, Pratap Chowk, Ludhiana. Table no 3 shows the composition of aluminium 
rod Al 6061 alloy.  

Table 3. Chemical Composition of used Aluminum A6061 Alloy 

 

 

 

 

 

      

Fig. 4 Aluminum Alloy specimens               Fig. 5 Aluminum Alloy specimens with zinc addition 

 

Table 4. Chemical Composition of Rod with Addition of Zinc 

Cu Mg Si Fe Mn Ni 

Cu Mg Si Fe Mn Ni 

1.50 0.77
5 

11.2
2 

0.89
1 

0.05
1 

0.71
3 

Zn Pb Sn Ti Cr Al 

0.46
7 

0.05
7 

0.01
4 

0.01
1 

0.01
3 

84.1
0 
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1.1
9 

0.43
5 8.26 0.67

4 
0.03
2 

0.49
5 

Zn Pb Sn Ti Cr Al 

6.9
3 

0.03
5 

0.00
9 

0.00
9 

0.01
0 

68.7
5 

D. Testing  

Hardness test and wear test were performed on the casted alloys. Hardness test was performed on 
Vicker Hardness Tester, and wear test was performed on Pin-on-disk apparatus. 

Hardness Test 

The Figure 3.6 shows the standard specimens for micro hardness test. The standard is taken from 
ASTM International Designation E 92.  

 

Fig. 6 Standard Specimen Size for Micro Hardness Testing 

Hardness test was conducted along the length at three places. An average of the three readings was 
taken to determine the hardness of the material. Same procedure has been applied for both alloys i.e. 
without zinc addition and with zinc. Addition of more than 16 volume % Zn to aluminum alloy raised 
its hardness.  

Wear Test 

Cylindrical pins of diameter 8mm and length 30mm were cut by CNC Wire Cut to perform wear test. 
Preparation of pin was done at “Prem Steeel company”, Pratap Chowk, Ludhiana. Figure no. 7 shows 
the line diagram of testing pin. 

 

 

Fig. 7 Line diagram of testing pin 

  

Disk used for testing was of EN 32 steel with diameter of 100mm and thickness of 6mm. Figure no. 
8 and 9 shows the prepared pins.  
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      Fig. 8 Pins without addition of Zinc         Fig. 9 Pins with Zinc 

All experiments were performed at room temperature according to ASTM G99 in a TR-201 
pin-on-disc wear-testing machine. The prepared pin samples were set in a slot in the arm above the 
rotating disc. The surface contact between the samples and disc surface was maintained at 100%. The 
pin masses were measured using a sensitive electronic balance with an accuracy of ±0.1 mg. The 
experiments were conducted under normal loads of 1 Kg, 2 Kg and 3 Kg at sliding speed of 350 rpm, 
400 rpm and 450 rpm on the disc surface over a sliding time period of 5 minutes. Wear test perform on 
pin-on-disk apparatus in metrology lab of SLIET, Deemed University. These are the Specification of 
testing data. The pin-on-disk wear tester uses torque motor to rotate a flat sample under a loaded wear 
pin. 
 

III.  RESULTS AND DISCUSSION 

A. Hardness  

Table no. 5 shows the result obtained for hardness. An effect of Zn additions on hardness was more 
with significant amount. Hardness had been measured three times for alloy without addition of zinc and 
their values are 104 VHN, 98 VHN and 86 VHN. With 16 volume % of Zn addition, the hardness was 
higher in comparison to without zinc addition. Measured hardness values after zinc addition were 125 
VHN, 116 VHN and 119 VHN. From this figure no. 10 it clearly observed that average hardness of 
without zinc addition aluminium alloy is 96 VHN and with addition of zinc is 120 VHN. There was a 
significant change in hardness of 0.24 % after zinc addition.  

Table 5. Values of Hardness at Different Angle of Indentation 

 

S. No 

Hardness of 
without zinc 
addition 

(VHN) 

Hardness of 
with zinc 
addition 

(VHN) 

1 104 125 

2 98 116 

3 86 119 

Average 96 120 
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Fig. 10 Hardness of rod with and without zinc addition 

B. Wear 

Wear test analysis was done on results obtained from 18 number of experiments, considering ASTM 
G99 standard test method for wear testing with a pin-on-disk apparatus. As per the set of experiments 
studied was done according to comparison of with and without zinc added specimens. Different 
comparative figures show the effect of zinc addition on behavior of wear resistance. 

Weight loss Vs Load at constant speed 

From figure no. 11 (a, b and c) it was observed that wear resistance increases in zinc added specimen 
comparative to without zinc added specimen and gradually gap between with and without zinc added 
specimen are increase due to weight increases to 10N, 20N and 30N respectively there are a significant 
change have been observed due to change in hardness of specimen at constant speed and different load. 
It is observed that in all cases as the speed is increasing wear loss is also increasing this attributed to the 
formation of scratches, grooves and debris. 

a) b)  

c)  
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Fig. 11: a) Plots weight loss Vs Load at constant speed of 350 rpm 

              b) Plots weight loss Vs Load at constant speed of 400 rpm         

                  c) Plots of weight loss Vs Load at constant speed of 450 rpm 

 

Weight loss Vs Speed at constant load 

From figure no. 12(a, b and c) it was observed that wear resistance increase in zinc added specimen 
comparative to without zinc added specimen and gap between with and without zinc added specimen 
increases due to respective change in speed 350rpm, 400rpm and 450rpm at constant load. In all the 
cases with the increase in load irrespective of speed wear loss is increasing due to ploughing 
mechanism [6] and higher depths of wear as a result of large debris particles entrapped between the pin 
and the disc. From figure no. 13 it was observed that with addition of zinc, wear loss has been reduced 
this was due to increase in the hardness of alloy [7]. 

 

a) b)  

c)  

Fig. 12 a) Plots of weight loss Vs Speed at constant load of 10 N 

             b) Plots of weight loss Vs Speed at constant load of 20N 

            c) Plots of weight loss Vs Speed at constant load of 3 kg 
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Fig. 13 Cumulative graph of zinc and without zinc alloyed specimen 

IV. CONCLUSION 
The objective of the present work was to obtain the effects of the sliding parameters (load, speed). All 

the study was based on the experimental investigation of the dry sliding behavior on re-casted used 
aluminium alloy with and without addition of zinc. There was marginal change in the composition of 
recycled aluminium alloy used for pistons. Among two recycled aluminium alloys of used pistons, 
hardness is observed more in specimens with parameters at 16% percentage composition of zinc and 
leading to the reduced wear loss. Wear rate was increasing with the increase of load and with increase in 
speed. The wear loss was increasing with increase of load in respect of constant speed because of 
ploughing mechanism, as the speed increases in respect of constant load wear loss has increased. Lastly 
it can be concluded, the alloyed technique can be implemented successfully in various industries for 
hardening the material as cheap and flexible substitute of the other treatment 
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