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Abstract 
The mechanical behavior and indentation creep of Al-20 wt% Zn bearing al-
loy has been modified with adding 0.2 wt%, 0.5 wt%, 1 wt%, 1.5 wt% Sn. These 
bearing alloys were prepared by melt spinning technique. The scanning elec-
tron microscopy (SEM) was used to study the morphology of the melt spun 
alloys and x-ray diffractometer (XRD) for the identification of the phases pre- 
sent in these melt-spun bearing alloys. The results show that the structure of 
Al80−x-Zn20-SnX (X = 0.2%, 0.5%, 1% and 1.5%) bearing alloys is characterized 
by the presence of α-Al of FCC structure and SnZn intermetallic compound 
of anorthic structure. The Al-20Zn-1.5Sn has a smaller crystallite size and grain 
size as indicated from X-ray and SEM analysis respectively, which leading to 
the enhancement of the mechanical properties. The mechanical properties and 
indentation creep of these bearing alloys were studied by tensile test machine 
and vickers indentation testing at room temperature, respectively. The Al-20Zn- 
1.5Sn has higher hardness value and creep resistance than other alloys. This 
was attributed to the strengthen effect of Sn as a strong solid solution element 
in Al-matrix. The stress exponent values in the range 2.4 - 4.2 indicate that 
the grain boundary sliding is the possible mechanism during room tempera-
ture creep deformation of melt-spun Al-Zn-Sn bearing alloys. 
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1. Introduction 

Aluminum-based alloys have superior properties such as corrosion resistance, 
high thermal conductivity, high fatigue strength, building material for metallic 
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structure, lightweight, low price, and operability that are higher than conventional 
materials and can be used at some high temperature [1]. But besides the above 
advantages, the engineering applications of some aluminum alloys are constrained 
by their weak strength and quite soft. However, the strength and hardness are de-
veloped by adding alloying elements [2]. The aluminum matrix of alloy bearing 
motor can be enhanced by the addition of copper, nickel, chromium, manganese, 
tin and zinc. So that adding tin to aluminum alloys attains an acceptable balance 
of strength and soft surface properties. Tin as an alloy element with aluminum 
alloys has the objective of reducing friction in loading and lining applications, 
because the tin phase in these alloys melted at lower temperature (227.7˚C) and 
can be exhaled in emergency conditions to provide short-term liquid lubrication 
to rubbing surfaces if such bearings/bushings severely overheat in service [3]. 
The presence of zinc in aluminum has a great effect, where the difference in the 
atomic radius of these two elements (0.143 nm for Al and 0.134 nm for Zn) has 
also a very significant influence on the microstructure of the Al–Zn alloys [4]. 
Since the radius of Zn is roughly equal to that of Al, Zn has high solubility in Al 
matrix. The lattice distortion is low by adding Zn, which almost has no effect on 
formability of the alloy [5]. 

During recent decades, non-equilibrium processes, such as rapid solidification 
and ball-milling, have been developed to produce refined controllable microstruc-
tures in immiscible systems. The main attributions of rapid solidification are the 
extension of solid solution, refinement of structures in the nanometer range, pro-
duction of a fine dispersion of the second phase, synthesis of novel crystalline, 
and amorphous phases [6] [7] [8] [9]. At the transition from liquid state to solid 
state in rapid solidification processing (RSP) occurs rapid extraction of thermal 
energy, this leads to produce manufactured material of extraordinary and has 
unique properties, i.e., reduced levels of segregation, increasing the solid solubil-
ity of alloying components, decrease in the grain size, and in some states the fi-
guration of metastable crystalline and amorphous phases. By means of a rapid 
solidification technique, Al-based (Al-In [10], Pb [11], Sn [12], Cd [13]) alloys 
have been synthesized with uniform distributions of the fine immiscible particles 
embedded in the matrix, indicating that the microstructure could be considera-
bly refined with superior microstructure, mechanical and thermal properties com-
pared to their conventionally processed materials. 

It is well recognized [14] [15] [16] [17] [18] that the metallurgical parameters 
affect considerably the resulting mechanical strengths of distinctive Al-based al-
loys produced using different manufacturing routes. For instance, an as-casting 
alloy sample due to its microstructural array has their resulting properties sig-
nificantly affected. For this reason, in this investigation the metallurgical aspects 
(microstructural array) of the examined alloy samples are parameterized in all 
experimentations. 

Thus, in the present study, the effects of tin additions on the structure, mechan-
ical, creep properties and thermal behavior of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 
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1% and 1.5%) rapidly solidified alloys from melt were investigated. 

2. Experimental Techniques 
2.1. Preparation of Samples 

Five bearing Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 1.5%) alloys were pre-
pared from purely aluminum, zinc and tin (purity > 99.99%) Table 1. These al-
loys were put in a porcelain crucible and melted by an electric furnace at 700˚C. 
After 25 min from heating, the alloys became in a molten. The molten alloys are 
shooting on the rotating copper wheel which has a linear speed of 31.4 m/s giv-
ing a cooling rate of ~3.7 × 105 K/s [19]. Increasing cooling rate was reported to 
increase solid solubility and hence decrease the micro segregation and therefore 
the second phase content [20] [21]. More alloying elements will remain in the 
primary α-Al dendrites that strengthen them by solid solution hardening. In-
creasing cooling rate also decreases the scale of microstructure, which in turn in-
creases the strength of the alloy. Both these effects are beneficial because the ap-
plication of the current alloy in bearing applications needs to be stronger. 

2.2. Characterization of Alloys 

Various techniques were used to investigate the structural properties of rapidly 
solidified alloys including x-ray diffraction using Cu Kα radiation at room tem-
perature. The thermal properties of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 
1.5%) bearing alloys studied by differential scanning calorimetry is carried out 
by [(DSC-16, Setaram, France) with a heating rate 10 K/min [22]. Scanning elec-
tron microscopy (SEM) of type (JEOL JSM-6510LV, Japan) operate at 30 KV with 
high resolution 3 nm has been used to study the microstructure analysis. 

2.3. Measurements of Mechanical Properties 
2.3.1. Tensile Test Machine 
Tensile test machine [23] at tensile scan rate of 10 mm/sec was installed in our 
metal physics lab and its schematic diagram is shown in Figure 1. This tech-
nique is one of the most commonly accepted techniques in estimation of the me-
chanical features of metals. Its basic objective would be to determine the proper-
ties relevant to the elastic design of materials and structures. In tensile testing,  

 
Table 1. Composition of aluminium bearing alloys. 

alloy 
Element content (wt%) Density  

(g/cm3) Al Zn Sn 

Al-Zn 

Al-Zn-Sn 

Al-Zn-Sn 

Al-Zn-Sn 

Al-Zn-Sn 

80 

79.8 

79.5 

79 

78.5 

20 

20 

20 

20 

20 

0.0 

0.2 

0.5 

1 

1.5 

2.702 

2.705 

2.710 

2.719 

2.727 
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Figure 1. The schematic diagram of tensile test machine.  

 
sample to be tested is machined to standard dimensions (generally 40 mm length, 
0.153 mm thickness and 2 mm width) with cross sectional area nearly equals 0.306 
mm. Five samples per alloys were tested. Expected elastic and plastic deforma-
tions will happened after applied external loads on a specimen. Initially, an elas-
tic deformation will occur to the metal resulting in a linear relationship of load 
and extension. The applied load (stress) and the resulting strain (elongation) are 
measured computerized. Using this data, a stress-strain diagram is drawn using 
computer setting that contains software program to detect the tensile properties. 

2.3.2. Vickers Micro Hardness and Micro Indentation Creep 
Micro hardness test for Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 1.5%) alloys 
were performed by using a digital Vickers micro hardness tester (Model FM-7 
Future-Tech. Corp. Tokyo Japan). Vickers hardness test is one of the standard 
methods that measure the hardness of metals, especially those having extremely 
hard surfaces. Among the great advantages of the micro indentation creep tech-
niques are: quick, easy, accuracy and non-destructive method. In addition, only 
one type of indenter can be used for all types of metals and surface treatments 
[24] [25]. Although they are highly adaptable and more accurate for testing the 
most soft and hard materials under different loads, the surface is subjected to 
standard pressure for a standard interval of time by means of a pyramid-shaped 
diamond. The indenter is a square pyramid that meets its opposite sides at the 
top with an angle of 136 degrees. It makes the diamond pressure in the material 
surface in loads 10 gf, and the impression size (usually no greater than 0.5 mm) 
is measured by the microscope. The impression left by the Vickers indenter is a 
square dark on a light background. Microscope swings on a sample to measure 
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the square indentation to tolerance of ±1/1000 of millimeters. Average measure-
ments (ten measurements for each alloy) taken across diameters are calculated to 
determine the region. 

The number of Vickers (HV) is calculated by using the following formula [24] 
[25]: 

2

1362 sin
HV 2

F

d
=



                       (1) 

So that 2

1.854HV F
d

=  approximately, where F is the applied load force, d is 

the average diagonal length. 

3. Results and Discussion 
3.1. Structure Analysis 

Figure 2 shows the XRD patterns for the melt-spun Al80−x-Zn20-SnX (X = 0, 0.2%,  
 

 
Figure 2. The XRD patterns of aluminium bearing alloys. 
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0.5%, 1% and 1.5%) bearing alloys. The XRD pattern for all Al-20Zn-Sn alloys 
show that two phases α-Al of face centered cubic structure and AlZn intermetal-
lic compound of anorthic structure exist together at the same 2𝜃𝜃 values. By addi-
tion of tin, tin combines with zinc forming SnZn phase of hexagonal structural. 
The XRD analysis is listed in Table 2. The crystal size (D) was calculated from 
the XRD pattern by using Scherer formula [26]. 

9
θ

0.D
cos
λ

β
=                          (2) 

where θ is the Bragg angle, λ is the x-ray wavelength; β is the broadening of the 
diffraction line measured at half its maximum intensity (FWHM). The crystal 
size of Al phase is decreased by increasing Sn content in the Al matrix which 
enhances the mechanical properties of Al bearing alloys. 

After calculating volume of the unit cell (V) by through the lattice parameters, 
the number of atoms in the unit cell (n) is calculated using the following equa-
tions [27]. 

1.66020
vA p

=Σ                        (3) 

AA n wΣ =                         (4) 
where ΣA is the sum of the atomic weights of the atoms in the unit cell, ρ is the 
density (gm/cm3) listed in Table 1 and v  is the volume of the unit cell (nm3), 
and Aw is the molecular mass. The number of the atoms per unit cell was calcu-
lated which is non-integral number of atoms per cell. Therefore, some of the 
atoms may be absent from some fraction of those lattice sites, which they would 
be expected to occupy. 

 
Table 2. The details of the XRD analysis of aluminium bearing alloys. 

No of atoms/unit cell  
of Al phase (n) 

Crystallite size D 
(nm) 

Crystal system 
No of 
phases 

Phase 
designation 

JCPDS 
number 

Melt-spun ribbons 

3.79 ± 0.6 400.88 FCC 7 Al 01-071-4622 Al-20Zn 

3.81 ± 0.2 350.60 

FCC 7 Al 01-072-3440 

Al-20%Zn-0.2%Sn Anorthic 7 AlZn 000-052-0856 

Hexagonal 1 SnZn 01-072-3273 

3.89 ± 0.8 232.50 

FCC 7 Al 01-072-3440 

Al-20%Zn-0.5%Sn Anorthic 7 AlZn 000-052-0856 

Hexagonal 2 SnZn 01-072-3273 

3.95 ± 0.6 299.13 

FCC 7 Al 01-072-3440 

Al-20%Zn-1%Sn Anorthic 7 AlZn 000-052-0856 

Tetragonal 2 SnZn 01-072-3273 

3.94 ± 0.1 211.70 

FCC 7 Al 01-072-3440 

Al-20%Zn-1.5%Sn Anorthic 7 AlZn 000-052-0856 

Tetragonal 2 SnZn 01-072-3273 
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3.2. Microstructure 

The microstructures of the resulting melt spun Al80−x-Zn20-SnX (X = 0, 0.2%, 
0.5%, 1% and 1.5%) alloys of long ribbons of about 65 mm in thickness and 4 mm 
width, are shown in Figure 3 and the mean value and mean deviation of grain size 
calculated from SEM are listed in Table 3. The smaller value of grain size (5.838 
µm) is observed in Al-20Zn-1.5Sn melt-spun bearing alloy. The microstructure 
of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 1.5%) bearing alloys are irregular 
grains with increasing the number of grains with increasing tin content and also 
Al phase refined with Sn addition up to 1.5% Sn which leading to improvement 
of mechanical properties. 

 

 
Figure 3. SEM micrograph of aluminium bearing alloys. 

 
Table 3. The grain size of SEM micrograph of aluminium bearing alloys from. 

Alloy Mean Grain size value (µm) ± MD 

Al-20%Zn 10.73 ± 1 

Al-20%Zn-0.2%Sn 12.10 ± 1.21 

Al-20%Zn-0.5%Sn 6.68 ± 1.14 

Al-20%Zn-1%Sn 12.05 ± 0.9 

Al-20%Zn-1.5%Sn 5.84 ± 0.8 

3.3. Thermal Behavior 

The DSC curves obtained for Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 
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1.5%) melt-spun bearing alloys are shown in Figure 4. A single endothermic 
peak from the DSC thermo-graphs showed the melting reaction. Melting tem-
perature Tm, liquidus temperature TL, solidus temperature Ts, enthalpy and en-
tropy change of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 1.5%) melt-spun 
bearing alloys were calculated from DSC graphs and presented in Table 4. By 
increasing the tin content, the melting point, liquidus and solidus temperatures 
decreased as indicated from ternary Al-Sn-Zn phase diagram Figure 5 [28]. 
The melt spinning technique has an effect on the removal of the alloy from equili-
brium and therefore the melting temperature will reach 930.7 K for Al-20Zn- 
1Sn and 931.1K for Al-20Zn-1.5Sn bearing alloys. This decrease is the result 
of rapid solidification, compared with other studies [29]. The higher value of 
enthalpy for Al-20Zn-1.5Sn may be due to decreasing crystal and grain size as 
indicated from x-ray and microstructure analysis respectively, that leading to 
enhancement of the mechanical properties. The specific heat (Cp) means the 
amount of heat per unit mass required to raise the temperature by one degree 
Celsius, where the specific heat capacity of alloys has been increased by in-
creasing tin content. It is found that entropy change is lower value for Al- 
20Zn-1.5 Sn, this result is expected because it has a relatively ordered arrange-
ment of lattice ions. 

 

 
Figure 4. Differential scanning calorimetry (DSC) of aluminium bearing alloys. 

 
Table 4. Thermal analysis of aluminium bearing alloys. 

Melt-spun  
ribbons 

Tm (K) Ts (K) TL (K) 
Enthalpy 

(J/g) 
Specific heat Cp 

(J/g∙k) × 10−2 
Entropy 

change (J/k) 

Al-20Zn 927.7 ± 1 922.2 ± 1 946.2 ± 1 170.3 ± 3 4.3 ± 1 0.220 ± 0.01 

Al-20Zn-0.2Sn 936.3 ± 1.5 927.9 ± 1.5 953.2 ± 1.5 183.0 ± 2 7.2 ± 1.5 0.194 ± 0.01 

Al-20Zn-0.5Sn 936.4 ± 1 926.2 ± 1 953.7 ± 1 178.6 ± 3 7.9 ± 2 0.230 ± 0.01 

Al-20Zn-1Sn 930.7 ± 1 923.9 ± 1 942.1 ± 1 185.7 ± 3 8.3 ± 11 0.199 ± 0.01 

Al-20Zn-1.5Sn 931.1 ± 1 922.6 ± 1 944.3 ± 1 189.5 ± 3 10.2 ± 2.2 0.192 ± 0.01 

https://doi.org/10.4236/wjet.2021.93045


N. A. Abdelhakim, R. M. Shalaby 
 

 

DOI: 10.4236/wjet.2021.93045 645 World Journal of Engineering and Technology 
 

 
Figure 5. Al-Sn-Zn equilibrium phase diagram [26]. 

3.4. Mechanical Behavior 

The stress-strain characteristic curve at room temperature is plotted by using 
tensile test machine as shown in Figure 6 and elastic moduli (E is the Young’s 
modulus, G is the shear modulus and B is the bulk modulus), tensile strength 
and yield strength can be calculated then listed in Table 5. The strength of the 
material is confined by bonding forces, which are reflected by the elastic con-
stants. Tensile strength is the maximum on the stress-strain curve. This corres-
ponds to the maximum stress that can be sustained by a structure in tension [30]. 
Yield strength is the material property defined as the stress at which a material 
begins to deform plastically whereas yield point is the point where nonlinear (elas-
tic + plastic) deformation begins. Prior to the yield point, the material will de-
form elastically and will return to its original shape when the applied stress is 
removed. Once the yield point is passed, some fraction of the deformation will be 
permanent and non-reversible [30]. The tensile strength increased in Sn addition 
from 0 to 1.5% as in good agreement with that of typical Al alloys [31]. Adding 
content of Sn depends on the Sn softening and the cracking of the porosity 
produced which effect hardness and tensile properties of the alloys [32]. From 

 
Table 5. Elastic moduli and tensile properties of aluminium bearing alloys. 

B (GPa) G (GPa) 
E 

(GPa) 
CSS 

(GPa) 
Toughness 

(J/m3) × 106 

Yield 
strength 
(MPa) 

Tensile 
strength 
(MPa) 

Melt-spun 
ribbons 

82.1 ± 7 26.9 ± 7 72.8 ± 7 10.6 ± 1 3.6 ± 1.1 323.2 ± 8 351.9 ± 22 Al-20Zn 

26.6 ± 10 8.7 ± 10 23.6 ± 10 5.9 ± 1 3.6 ± 0.9 168.3 ± 5 174.0 ± 12 Al-20Zn-0.2Sn 

89.7 ± 6 29.4 ± 6 79.6 ± 6 7.6 ± 1 13.3 ± 2 356.4 ± 14 449.3 ± 9 Al-20Zn-0.5Sn 

81.1 ± 5 26.6 ± 5 71.9 ± 5 5.8 ± 1 5.9 ± 1 254.2 ± 17 261.1 ± 4 Al-20Zn-1Sn 

140.9 ± 11 46.3 ± 11 125.1 ± 11 10.0 ± 1 23.1 ± 2.1 573.6 ± 9 680.2 ± 15 Al-20Zn-1.5Sn 
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Figure 6. Stress-strain characteristic curves of aluminium bearing alloys. 

 
microstructure analysis, it is indicated that incresing Sn content leading to in-
crease the number of grains and also Al phase refined with Sn addition. So that 
tensile strength, yield strength and elastic moduli increased. The Al-20Zn-1.5Sn 
melt-spun bearing alloy shows a maximum increase of the Young’s modulus 
value of 125 ± 11 GPa, the tensile strength of 680 ± 15 MPa and yield strength of 
573 ± 9 MPa. In the Al-20Zn-0.5Sn and Al-20Zn-1.5Sn alloys graphs, the stress 
profiles do not decrease after the maximum stress value like the rest of the alloys. 
Because, these alloys are high ductile and strength compared with other alloys. 
In order to be tough, a material must be both hard and ductile as indicated from 
stress-strain diagram of Al-20Zn-1.5 Sn alloy. When the shear stress reaches the 
value of the critical resolved shear stress, the plastic deformation begins as indi-
cated in Figure 5. The critical shear stress CSS shows the maximum value of 10 
± 1 GPa for Al-20Zn-1.5Sn melt-spun bearing alloy. The ability of a material to 
absorb energy then deform plastically without fracturing is the toughness of the 
material [33]. By integrating the stress-strain curve in Figure 5, toughness can 
be calculated and listed in Table 5. It shows maximum toughness value of (23 ± 
2.1) × 106 J/m3 for Al-20Zn-1.5Sn bearing alloy. 

3.5. Hardness Indentation and Micro-Creep Dependence  
of Tin Composition 

The indentation length versus tin composition of the melt spun Al80−x-Zn20-SnX 
(X = 0, 0.2%, 0.5%, 1% and 1.5%) bearing alloys at constant load 10 gf and in-
dentation time 5 seconds are shown in Figure 7, where the indentation length 
shows the smallest value at 1.5 wt% Sn. The variation of Vickers hardness with tin 
composition at constant load 10 gf and indentation time 5 seconds is showed in 
Figure 8. The average hardness values of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% 
and 1.5%) bearing alloys are listed in Table 6. It is noted that average hardness 
values increase by increasing Sn content up to 1.5% Sn from 240 ± 11 to 275 ± 
11 MPa. The stress exponent calculated from Equation (5) and listed in Table 6 
according to [34] and [35]: 
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Figure 7. Variation of indentation length with tin composition at indentation time 5 sec 
and constant load 10 gf for aluminium bearing alloys. 

 

 
Figure 8. Variation of hardness versus tin composition at indentation time 5 sec and 
constant load 10 gf for aluminium bearing alloys. 

 
Table 6. Hardness and Stress exponent value of aluminium bearing alloy. 

n HV (MPa) Melt-spun ribbons 

1.2 202.6 ± 18 Al-20Zn 

2.4 240.8 ± 12 Al-20Zn-0.2Sn 

3.1 238.8 ± 15 Al-20Zn-0.5Sn 

3.5 244.3 ± 16 Al-20Zn-1Sn 

4.2 275.1 ± 11 Al-20Zn-1.5Sn 

 

ln
ln v d

dn
H

 ∂
=  ∂ 



                        (5) 

The stress exponent that is calculated from Equation (5) is used to determine 
deformation mechanisms, where HV is the number of Vickers hardness, d is the 
length of indentation diagonal, and d  is variation rate of diagonal indentation 
length. The stress exponent n is calculated from the slope of straight line obtained 
by plotting d  against HV on double logarithmic scale as indicated in Figure 9 
[36]. The stress exponent is indication of mechanism of deformation during room  
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Figure 9. ln-ln of the Vickers hardness numbers against the dwell time of indentation at load 10 gf for 
aluminum bearing alloys. 

 
temperature. The stress exponent (n) values in the range 2.4 - 4.2 as shown in 
Table 6, indicate that the grain boundary sliding is the possible mechanism during 
room temperature creep deformation of melt spun Al80−x-Zn20-SnX (X = 0, 0.2%, 
0.5%, 1% and 1.5%) bearing alloys in good agreement with that of typical Al al-
loys [37]. 

The indentation creep behavior is shown in Figure 10 by plotting strain against 
indentation time (indentation creep curve) of Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 
1% and 1.5%) bearing alloys. The first stage shows faster increase of strain with 
indentation time which starts from beginning up to 10 sec of indentation time. 
Second stage indicates a slow increase region for all alloys where the strain in-
creased slowly. Fracture of the specimen does not occur because hardness test is  
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Figure 10. The Creep behaviour of aluminium bearing alloys. 

 
actually a compression test therefore the third stage cannot be recorded as hap-
pened in an ordinary creep test. According to the power law creep, the creep rate 
decreased when the stress exponent for Al-20Zn-1.5Sn bearing alloy increased 
due to an increase in yield strength [38]. Therefore, the higher value of stress ex-
ponent (n) and yield strength of Al-20Zn-1.5Sn bearing alloy is more resistant to 
creep of indentation compared to Al80−x-Zn20-SnX (X = 0, 0.2%, 0.5%, 1% and 
1.5%) bearing alloys. 

4. Conclusions 

• In the present work, the influence of RSP and tin addition on structure, ther-
mal and mechanical properties of melt spun Al-Zn-Sn bearing alloys were 
investigated. 

• The Al-20Zn-1.5Sn has a smaller crystallite size and grain size as indicated from 
X-ray and SEM analysis respectively, which leads to the enhancement of the 
mechanical properties. 

• The Al-20Zn-1.5Sn melt-spun bearing alloy shows a maximum increase of the 
Young’s modulus value of 125 ± 11 GPa, the tensile strength of 680 ± 15 MPa, 
yield strength of 573 ± 9 MPa, toughness value of (23 ± 2.1) × 106 J/m3and 
critical shear stress CSS of 10 ± 1 GPa. 

• The stress exponent (n) values in the range 2.4 - 4.2 indicate that the grain 
boundary sliding is the possible mechanism during room temperature creep 
deformation of melt spun Al-Zn-Sn bearing alloys. 

• The higher value of stress exponent (n) and yield strength of Al-20Zn-1.5Sn 
bearing alloy is more resistant to creep of indentation. 
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