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Abstract- Within the last few years there has been a fast increase in the development of Aluminium and its alloys, 
particularly in the automobile and aerospace industries, due to their high strength to weight ratio, high wear resistance, low 
density and low coefficient of thermal expansion. The advancements in the field of application make the study of their wear 
resistance and hardness an utmost importance. This paper attempts to assess the wear resistance of Al 7075, ZA 27, 
Hypoeutectic and Hypereutectic Al-Si alloys using Pin–on–disk wear system as per ASTM G 99 and also hardness of these 
alloys using Brinell’s hardness tester. The results obtained shows that Al 7075 possesses greater wear resistance and 
hardness comparatively.  
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I. INTRODUCTION 
 
Aluminium alloys are gaining vast industrial 
importance since of their terrific mixture of 
mechanical, physical and tribological properties 
above the base alloys. These properties include 
elevated specific strength, high wear and seizure 
resistance, high stiffness, better high temperature 
strength, controlled thermal expansion coefficient and 
better damping capacity.[1] Aluminium alloys has 
extreme use in many automobile and engineering 
sectors where wear, tear and seizure are the major 
problems in addition to the weight saving[2]. Some of 
these components are cylinder heads, pistons, 
connecting rods and drive shafts for automobile 
industries and impellers, agitators, turbine blade, 
valves, pump inlet, vortex finder in many marine and 
mining sectors [3]. Aluminium alloys are 
distinguished according to their major alloying 
elements. The 4xxx group contains silicon as the 
main alloying element for ease of casting. Silicon is 
good in metallic alloys. This is because it increases 
the fluidity of the melt, reduces the melting 
temperature, decreases the shrinkage during 
solidification and is very inexpensive as a raw 
material [4]. 
Silicon also has a low density which may be an 
advantage in reducing the total weight of the cast 
component. Silicon has a very low solubility in 
aluminium; it therefore precipitates as virtually pure 
silicon, which is hard and hence improves the 
abrasion resistance. Aluminium-silicon alloys form a 
eutectic at 12.6 wt% silicon, the eutectic temperature 
being 577°C. This denotes a typical composition for a 
casting alloy because it has the lowest possible 
melting temperature. Aluminium-Silicon (Al-Si) 
casting alloys are the most useful of all common 
foundry cast alloys in the fabrication of pistons for 
automotive engines [5].Depending on the Si 
concentration in weight percentage, the Al-Si alloy 
systems are divided into three major categories: 

Hypoeutectic (<12 wt % Si), Eutectic (12-13 wt % 
Si), Hypereutectic (14-25 wt % Si). As an ideal high 
strength and wear-resisting material for gears and 
bearings etc, it should possess the features of high 
strength, impact resistance and fatigue resistance in 
view of mechanical design; in the meantime, it has 
notion that it has excellent antifriction, wear-
resistance, seizure resistance and load-bearing 
properties according to the need of tribology [6]. 
     Zinc-Aluminum (ZA) alloys were developed since 
1965. In particular, the ZA12 and ZA16 families were 
developed by the International Lead Zinc Research 
Organization during 1960’s, while the ZA8 and ZA27 
were developed by Noranda Co. in the late 1970’s. 
An significant aspect that makes these alloys 
attractive is the low energy requirement to achieve 
casting, due to their low melting point as compared 
with brass and iron alloys. Reductions in cost from 
40% to 56% and 60% to 78%, compared with brass 
alloys respectively, have been reported [7]. Other 
advantages of ZA alloys include their high 
mechanical strength at room temperature and their 
resistance to corrosion. However, three types of 
problems have been identified: (1) the low melting 
points that limits their use to the near room 
temperature range. (2) The metallurgical uncertainties 
on the different phases formed during heat treatments 
that even at present time have driven people to define 
a new phase diagram where the formation of the β 
phase is suppressed. (3) The changes in dimensions 
that these alloys undergo with aging; for example,     
ZA27 can increase its dimensions by approximately 
0.14% after aging at 1200C. Due to the same behavior 
with temperature, these alloys possess low resistance 
to creep that confines their use to room temperature 
and up to 600C under moderate stress. Four different 
approaches have been taken to improve the 
mechanical properties at room temperature of these 
alloys: (a) Solution heat treatment at 3600C and later 
ageing at temperatures between 60 and 2600C. (b) 
Thermo mechanical treatments by extrusion at 
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different temperatures in the 260–3400C range. (c) 
Addition of elements and compounds such as Ni and 
Si or rare earths, and (d) The preparation of 
composites with fibers of graphite, Al2O3, glass, or 
particles of TiC, SiC, or  ZrO2. 
     Until present days only few works have addressed 
the effect of additional elements, other than Cu and 
Mg, on the improvement of the mechanical properties 
of ZA alloys. It is the intend of this work to conclude 
the influence of different additions of Mn on the 
micro structural and mechanical properties of the ZA 
27 alloy at room temperature [8]. As man’s needs and 
anticipation grow advanced, the need for advanced 
and efficient materials, which have superior 
properties, was thoroughly felt. In the continuing 
search for improved performance the materials being 
used, reach the limit of their usefulness. The 
advanced materials are also referred to as alloys, 
nothing but a legal combination of two or more 
constituent metals. The resultant materials thus 
obtained has superior properties, then their parental 
ones. This includes increased strength, service 
temperatures, improved wear resistance, and high 
toughness etc. thus these materials become very 
attractive for a variety of engineering applications. 
Zinc-aluminium (ZA) based cast alloys by virtue of 
their excellent castability, wear resistance and good 
mechanical properties have found significant 
industrial usage during the past few years. These 
alloys exhibit good wear resistance under higher 
loads, poor lubrication conditions and have been used 
as replacement for bronze and brass in the bearing 
industry. These alloy containing high aluminum 
content and observed to be cost effective and energy 
effective substitute to a variety of materials. Zinc 
aluminum alloys find very wide range applications as 
casting alloys and will continue to be used in variety 
of engineering applications in their modified form. 
Available information indicates that although there is 
a wide potential for developing new zinc-based 
alloys, limited efforts have been made to explore the 
possibilities in this direction wherein the majority of 
the studies have focused their attention on the 
influence of adding copper, silicon and manganese 
only on standard Zinc-Aluminium (ZA) alloys like 
ZA8, ZA12 and ZA27 [9]. 
 
II. DETAILS OF EXPERIMENT 
 
2.1. Preparation of Al7075 specimens 
 For preparation of the Aluminium alloy specimens of 
Al 7075 initially Aluminium was melted in graphite 
crucible in induction furnace and the melt was 
covered with flux and degassed properly. The 
required composition was procured with the addition 
of alloying elements as shown in the table1  

Table1: Chemical Composition of Al 7075 

 

The figure 1 shows the melting and pouring of 
Al7075 in the die cavity to obtain the specimens. 
 

 
Fig.1. pouring of molten melt of Al7075 in to die cavity 

 
The figure 2 shows the solidified castings of Al7075 
specimens. Total five specimens were produced for 
testing purpose. 

 
Fig.2. Solidified castings of Al7075 

 
2.2. Preparation of ZA27 specimens 
The chemical composition of experimental alloys in 
mass percent was based on the ZA-27 alloy. 
Chemical compositions of the experimental alloys are 
as shown in Table 2. Melting was done in crucible 
furnace at 750ºC. The raw materials were melted in a 
graphite crucible. Totally five specimens were 
obtained by die casting for testing purpose. 
 

Table2: Chemical Composition of ZA27 alloy 

 
 
2.3. Preparation of Hypoeutectic and 
Hypereutectic Al-Si specimens 
Al-8.5Si hypoeutectic master alloy was analyzed. 
Initially master alloy was melted in graphite crucible 
in induction furnace under the covered flux and melt 
was held at 7850C.The melt was properly degassed 
and dross was removed. After doing this molten melt 
was poured into die cavities to obtain required 
dimension specimens. The table 3 shows the chemical 
composition of hypoeutectic Al-8.5Si alloy 

 
Table3: Chemical Composition of Al-8.5Si alloy 
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Similarly the hypereutectic Al-18.6Si alloy specimens 
were obtained with the chemical composition as 
shown in table 4 
 

Table4: Chemical Composition of Al-18.6Si alloy 

 
 

Five numbers of specimens of each hypoeutectic and 
hypereutectic Aluminium alloy were obtained for 
Wear resistance and hardness testing. 
 
III. WEAR TEST AND HARDNESS TEST 
 
3.1. Wear Resistance Test 
As per ASTM G 99 standards the test is performed 
the specimens were ground by 1200 abrasive paper so 
that it can come in good contact with disc surface. 
The wear test is conducted on a pin-on-disc apparatus 
DUCOM make TR-20 model is equipped with the 
LVDT sensors for acquiring required data. The disc is 
made up of hardened steel and has a hardness of 
HRC64 and surface roughness of Ra- 0.l5m. The 
specimens were cleaned with the acetone before the 
test is conducted and weighed in an electronic 
balance weighing machine. The specimens are of 
6.5mm diameter and 22mm length. The specimen is 
inserted into a holder and tightened with the help of 
align key. The track diameter is 160mm and 
rotational speed about 320rev/min. The speed, time 
and load are adjusted for each test. After performing 
the test the specimens were cleaned with acetone and 
weighed in an electronic balance weighing machine. 
The difference between final and initial weight 
determines the wear loss. Figure 3 shows the wear 
testing equipment. 

 
Fig.3.Pin-on–disc wear testing machine 

 
3.2. Hardness Test 
The hardness test was conducted on Brinell hardness 
tester. All Brinell tests use a carbide ball indenter. 
The test procedure is first the indenter is pressed into 
the sample by an accurately controlled test force. The 
force is maintained for an explicit dwell time, 
normally 10 - 15 seconds. After the dwell time is 
complete, the indenter is removed leaving a round 
indent in the sample. The size of the indent is 
determined optically by measuring two diagonals of 
the round indent using either a portable microscope or 
one that is integrated with the load application device. 

The Brinell hardness number is a function of the test 
force divided by the curved surface area of the indent. 
The indentation is considered to be spherical with a 
radius equal to half the diameter of the ball. The 
average of the two diagonals is used by the formula to 
calculate the Brinell hardness number. 
 
IV. RESULTS AND DISCUSSION 
 
4.1 Wear Resistance and Hardness of Al7075 
The wear resistance test was conducted for five 
specimens of same chemical composition of Al7075. 
The results obtained are as tabulated in the table 5 
 

Table 5: Wear Resistance of Al7075 

 
 
The Brinell hardness number of Al7075 alloy 
obtained for all five specimens are as shown in the 
table 6 
 

Table 6: Hardness number for Al7075 alloys 

 
 

4.2 Wear Resistance and Hardness of ZA27 
The wear resistance test was conducted for five 
specimens of same chemical composition of ZA27 
alloy. The results obtained are as tabulated in the 
table number 7 
 

Table 7: Wear Resistance of ZA27 alloy 
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The Brinell hardness number of ZA27 alloy obtained 
for all five specimens are as shown in the table 8 
 

Table 8: Hardness number for ZA27 alloys 

 
 

4.3 Wear Resistance and Hardness of 
Hypoeutectic Al-Si alloy 
The wear resistance test was conducted for five 
specimens of same chemical composition of 
Hypoeutectic Al-Si alloy. The results obtained are as 
tabulated in the table number 9 
 

Table 9: Wear Resistance Hypoeutectic Al-Si of alloy 

 
 

The Brinell hardness number of Hypoeutectic Al-Si 
alloy obtained for all five specimens are as shown in 
the table 10 
 

Table 10: Hardness number for Hypoeutectic Al-Si alloys 

 
 

4.3 Wear Resistance and Hardness of 
Hypereutectic Al-Si alloy 
The wear resistance test was conducted for five 
specimens of same chemical composition of 
Hypereutectic Al-Si alloy. The results obtained are as 
tabulated in the table number 11 
 

Table 11: Wear Resistance Hypereutectic Al-Si of alloy 

 

The Brinell hardness number of Hypereutectic Al-Si 
alloy obtained for all five specimens are as shown in 
the table 12 
 

Table 12: Hardness number for Hypereutectic    Al-Si alloys 

 
 
CONCLUSIONS 
 
The assessment on Wear resistance four different 
Aluminium alloy was done as per ASTM G 99 
standards and hardness test was also carried out. 
These tests on Aluminium alloy are very vital role in 
the perspective of applications of these alloys in 
industries. The results obtained from assessment out 
of four different Aluminium alloys shows that 
Al7075 alloy possess higher hardness and more 
resistance to Wear.  
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