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INVESTIGATION INTO TRIBOLOGICAL BEHAVIOUR OF AL7075 
AND AL7075 HYBRID COMPOSITES 

Summary 

The aluminium metal matrix composite (AMMC) is widely used in aerospace and 
automotive applications. The AMMC reinforced with titanium diboride (TiB2), exhibits 
excellent tribological properties. In this study, molybdenum disulfide (MoS2) was used as a 
reinforcement to improve the tribological properties of the Al7075-TiB2 composite. The 
Al7075 hybrid composites were produced with 12 wt% of TiB2 with varied mass loading of 
MoS2 (x = 0, 1.5, 3, 4.5) by using the powder metallurgy method. The energy dispersive X-
ray spectroscopy (EDX) test confirmed the presence of reinforcements. The Al7075 
composites were examined for the study of microstructure, microhardness and tribological 
behaviour by using a scanning electron microscope (SEM), Vickers microhardness tester and 
pin-on-disc equipment, respectively. The tribological properties of Al7075 hybrid composites 
are superior to those of aluminium alloy Al7075. The low wear loss (10 mg) and coefficient 
of friction (0.109) were produced at the sliding velocity of 2 m/s, the sliding distance of 
1000 m and the applied load of 5 N in the Al7075-12%TiB2-4.5%MoS2 composite. 

Key words: microstructure, microhardness, wear loss, coefficient of friction, 
reinforcements 

1. Introduction  
Composites are lightweight materials with excellent performance that can change the 

usage of conventional materials in different kinds of advanced applications, such as automotive, 
marine and aerospace applications [1-3]. The properties of composites are customized by 
changing the fraction, size and sort of reinforcing particles [4, 5]. Among the different 
composite manufacturing processes, powder metallurgy is one of the most important processes 
and incorporates the blending of powders, compacting, and sintering [6-8]. Aluminium alloy 
Al7075 (Al–Zn–Mg–Cu) is one of the hardest aluminium alloys in industrial use today because 
of its excellent strength-to-weight ratio and natural aging characteristics [6-10]. Ultrafine grain 
tungsten was prepared with the help of a ball milling method. It is employed to synthesize a 
variety of alloy materials with stable and metastable phases. TiB2 exhibits a high melting point 
and higher hardness when compared to other ceramics. TiB2 is thermally and electrically 
conductive. Ding et al. presented the spark plasma sintering of W–1%TiC which produces an 
average grain size of 3 μm and a relative density of 98.6% [11, 12]. Ravichandran and 
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Anandakrishnan optimized the powder metallurgy process parameters to achieve maximum 
strength of Al-based composites [13]. The matrix has a homogeneous dispersion of 
reinforcement particles [14]. The mechanical properties are strongly influenced by the TiB2 
particle size in the TiB2 reinforced MMC [15]. A recent study indicates that mixing a small 
amount of graphite produces excellent tribological properties that are superior to those of base 
alloys. The literature review reveals that the introduction of graphite (Gr) as a solid lubricant is 
not an appropriate reinforcement for functioning under the vacuum atmosphere [16]. The 
conversion of a transcendent wear mechanism from adhesion to abrasion occurred when MoS2 
particles were incorporated in pure aluminium [17]. Based on the literature review, an 
investigation was made to fabricate the TiB2 and MoS2 reinforced aluminium 7075 hybrid 
composite by using ball milling and powder metallurgy and to study the effect of reinforcement 
by conducting microhardness and wear tests on the Al7075 hybrid composite. 

2. Experimental setup and procedure  

2.1 Materials 
Al7075 was chosen as matrix material with an average particle size of 2 µm. TiB2 and 

MoS2 were chosen as hard reinforcement and soft reinforcement with an average particle size 
of 10 µm and 2 µm, respectively. The average particle size of the matrix powder and the 
reinforcement powder is identified with the help of a particle size analyser (PSA). The density 
of TiB2 and MoS2 powders is 4.52 g/cm3 and 5.06 g/cm3, respectively. The chemical 
composition of Al7075 is shown in Table 1. 

Table 1  Composition of AL7075 

Element Zn Cu Mn Mg Fe Cr Si Ti Al 

Wt% 5.6 1.5 0.06 2.4 0.24 0.20 0.08 0.07 Rem. 

2.2 Fabrication of the composite 
The powder metallurgy technique was used to produce the Al7075 hybrid composite. 

Al7075 powder was taken as matrix material because it has excellent strength and corrosion-
resistance. To conduct the investigation, 16 specimens were fabricated for each type of 
sample. 

Sample A - Unreinforced Al7075 
Sample B - Al7075-12% TiB2 

Sample C - Al7075-12% TiB2-1.5% MoS2 
Sample D - Al7075-12% TiB2-3% MoS2 
Sample E - Al7075-12% TiB2-4.5% MoS2  

The scanning electron microscope (SEM) images of Al7075, TiB2 and MoS2 powder 
particles are shown in Figs. 1-3, respectively. Al7075 alloy powder was purchased from M/s 
Metal Powders Company limited, Madurai, Tamil Nadu, India. TiB2 and MoS2 were acquired 
from Sigma Aldrich with the help of Subra Company, Bangalore, India. Al7075, TiB2 and 
MoS2 powders were mixed in a planetary tumbler mixer with the help of stainless steel balls of 
8 mm in diameter and mixed in a weight ratio of 10:1 (ball to powder). In the tumbler mixer, 
toluene (2% by weight) was used to prevent the sticking of the powders to balls.  The powders 
were mixed for a time interval of 30 minutes at a speed of 250 rpm. The Al7075 matrix 
powders were mixed with 12% TiB2 and MoS2 (X = 0, 1.5%, 3%, 4.5%) reinforcements in the 
tumbler mixer. The mixed powders were compacted at 800 MPa in a uniaxial hydraulic press. 
Zinc stearate was applied on the wall of the die to prevent the sticking of powders. The sintering 
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was done on green compacts at 590°C for 90 minutes to increase the composite strength. The 
sintered composites were further cooled in the atmospheric air. The hybrid composite specimen 
size is maintained at a height of 30 mm and a diameter of 10 mm.  

  
 Fig. 1  Al7075 powders Fig. 2  TiB2 powders 

 
Fig. 3  MoS2 powders 

2.3 Testing of composites 
The density of the unreinforced specimens and reinforced specimens was calculated by 

employing the Archimedes principle with the help of digital electronic weighing equipment, 
which has an accuracy of 0.0001 mg. The microhardness test was done on each reinforced 
AL7075 composite specimen and unreinforced AL7075 specimen with a 0.5 kg load for 
15 sec in a Vickers microhardness tester. An AISI 52100 (EN31) disc and an ASTM G99-05 
fabricated composite pin were employed in the pin-on-disc equipment, which is used to study 
tribological properties of the unreinforced Al7075 and the reinforced Al7075 hybrid 
composites.  

The unreinforced and the reinforced specimens were wear-tested at different parameters 
including the applied load of 5 N, 10 N, 15 N and 20 N, the sliding distance of 200 m, 300 m, 
500 m and 1000 m and the sliding velocity of 0.5 m/s, 1 m/s, 1.5 m/s and 2 m/s. The wear loss 
was calculated by measuring the specimen weight before and after the wear test. The 
coefficient of friction was calculated from the produced frictional force. The microstructure 
was examined before and after the wear test of specimens. 
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3. Results and discussion 

3.1 Microstructural study 
The reinforced and unreinforced specimens were subjected to the EDX analysis to 

confirm the presence of elements (Al7075, TiB2 and MoS2). Figs. 4 (a-e) show the presence 
of reinforcement elements in the fabricated composite specimen. 

 
Fig. 4.a  Al7075  

   
 Fig. 4.b  Al7075-12%TiB2 Fig. 4.c  Al7075-12%TiB2-1.5%MoS2 

   
 Fig. 4.d  Al7075-12%TiB2/3%MoS2 Fig. 4.e  Al7075-12%TiB2-4.5%MoS2  
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The end of each specimen was polished with a 600, 800 and 1000 grade abrasive 
broads. The polished unreinforced and reinforced specimen surfaces were captured in the 
SEM with various scales and magnification. Fig 5.a shows the microstructure of Al7075.  

Similarly, Figs. 5 (b-e) show the microstructure of the fabricated Al7075 based 
composites. The SEM image confirms the uniform distribution of hard and soft 
reinforcements in the Al7075 matrix material. Porosity takes place while sulphur escapes 
from the hybrid composite during the sintering process [18]. Oxide forms on the surface of 
the hybrid composite because of the plastic deformation of powder particles during the 
compaction process. Besides, oxide forms due to the conversion of MoS2 into MoO3 during 
cooling in humid atmospheric conditions [19]. 

 
Fig. 5.a  Al7075  

   
 Fig. 5.b  Al7075-12%TiB2 Fig. 5.c  Al7075-12%TiB2 -1.5MoS2 
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 Fig. 5.d  Al7075-12%TiB2 -3%MoS2 Fig. 5.e  Al7075-12%TiB2 -4.5%MoS2  

3.2 Density and microhardness 
The Al7075 based hybrid composite has a higher density than the unreinforced Al7075 

alloy. The Al7075-12%TiB2-4.5%MoS2 has higher density than other fabricated composites. 
The density of Al7075 and Al7075 composites is shown in Table 2 and Fig. 6.a. The Al7075-
12%TiB2-4.5%MoS2 has higher microhardness than the unreinforced and other reinforced 
hybrid composite specimens, and Fig. 6.b. reveals that wt % of the MoS2 reinforcement 
increases the microhardness of the specimen [20]. The increase in the microhardness of the 
hybrid specimen is due to the prevention of particle dislocation of hard and soft 
reinforcements and a better distribution of reinforcements in the matrix material [21, 22]. 
Table 2  Density and microhardness  

SAMPLES DENSITY (g/cm3) MICROHARDNESS VALUE 
AL7075  2.829 92.4 
AL7075-12%TIB2 2.845 105 
AL7075-12%TiB2-1.5MoS2 2.856 109 
AL7075-12%TiB2-3%MoS2 2.873 114 
AL7075-12%TiB2-4.5MoS2 2.891 119 

   
 Fig. 6.a  Density comparison Fig. 6.b  Microhardness comparison 
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In Figs. 6 (a-b), sample A, sample B, sample C, sample D, sample E represent Al7075, 
Al7075-12%TiB2, Al7075-12%/TiB2-1.5%MoS2, Al7075-12%TiB2-3%MoS2, and 
Al707512%TiB2-4.5%MoS2 composite specimens, respectively. 

3.3 Wear test 
The sliding wear test was conducted and tribological properties were analyzed with the 

help of a pin-on-disc tester. The wear tests were conducted at the applied load of 5 N, 10 N, 
15 N and 20 N, the sliding velocity of 0.5 m/s, 1 m/s, 1.5 m/s and 2 m/s and the sliding 
distance of 200 m, 300 m, 500 m and 1000 m. The wear loss and the coefficient of friction 
were determined for the reinforced Al7075 and the unreinforced Al7075 at different 
parameters. The AL7075-12%TiB2-4.5%MoS2 exhibits a lower wear loss and coefficient of 
friction than Al7075 and any other Al7075 hybrid composites. The wear test results are 
shown in Tables 3-5 and Figs. 7 (a-f) for various wear test parameters. Each specimen was 
polished before conducting the wear test (average surface roughness 1 µm). 

The wear test was conducted on all fabricated specimens with the help of pin-on-disc 
equipment at 0.5 m/s sliding velocity and 1000 m sliding distance for every 5 N increase in 
load varying from 5 N - 20 N. The wear loss and coefficient of friction were calculated for 
five types of the fabricated specimens and are shown in Table. 3. Al7075-12%TiB2-4.5% 
MoS2 produces a minimum wear loss of 12.1 mg and coefficient of friction of 0.131 for wear 
test parameters of 1000 m sliding distance, 0.5 m/s sliding velocity and 5 N applied load. 
Fig. 7.a shows the behaviour of the specimen in terms of the applied load and wear loss. 
Fig. 7.a reveals that the wear loss increases with an increase in the applied load. Fig. 7.b 
shows the variation of the coefficient of friction with respect to the applied loads. Fig. 7.b 
reveals that the coefficient of friction (COF) increases with an increase in the applied load. 

Table 3  Test conditions at sliding velocity of 0.5 m/s and sliding distance of 1000 m 

S.NO 
APPLIED 

LOAD 
(N) 

SAMPLE A SAMPLE B SAMPLE C SAMPLE D SAMPLE E 
WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

1 5  16.9 0.182 14.9 0.167 13.5 0.149 12.8 0.139 12.1 0.131 
2 10  18.7 0.194 16.1 0.179 14.7 0.164 13.9 0.155 12.9 0.147 
3 15  20.2 0.206 17.6 0.193 15.9 0.171 14.6 0.162 13.5 0.154 
4 20  22.1 0.219 18.9 0.201 17.1 0.182 15.8 0.173 14.6 0.166 

   
 Fig. 7.a  Applied load vs wear loss Fig. 7.b  Applied load vs COF 
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The coefficient of friction and wear loss results are shown in Table. 4 for the constant 
1000 m sliding distance and the 5 N applied load for every 0.5 m/s increase in the sliding 
velocity varying from 0.5 m/s to 2 m/s. The minimum coefficient of friction of 0.109 and the 
10.0 mg wear loss were produced at 2 m/s sliding velocity, 1000 m sliding distance and 5 N 
applied load on the Al7075-12%TiB2-4.5%MoS2 hybrid composite.  

Fig. 7.c shows the behaviour of the specimens with respect to wear loss and sliding 
velocity. The wear loss decreases with an increase in the sliding velocity. Fig. 7.d shows the 
relationship between the coefficient of friction and the sliding velocity. The coefficient of 
friction (COF) decreases with an increase in the sliding velocity, which is shown in Fig. 7.d. 

Table 4  Test conditions at applied load of 5 N and sliding distance of 1000 m 

S.NO 
SLIDING 

VELOCITY 
(m/s) 

SAMPLE A SAMPLE B SAMPLE C SAMPLE D SAMPLE E 
WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

1 0.5 16.9 0.182 14.9 0.167 13.5 0.149 12.8 0.139 12.1 0.131 
2 1 15.7 0.169 13.8 0.152 12.9 0.139 11.9 0.131 11.6 0.126 
3 1.5 14.6 0.156 12.7 0.141 11.9 0.131 11.2 0.123 10.9 0.120 
4 2 13.2 0.143 11.8 0.129 11.1 0.119 10.6 0.114 10.0 0.109 

   
 Fig. 7.c  Sliding velocity vs wear loss Fig. 7.d  Sliding velocity vs COF 

Table 5 shows the results relating to wear loss and coefficient of friction for the 
constantly applied load of 5 N and the sliding velocity of 0.5 m/s at every sliding distance of 
200 m, 300 m, 500 m and 1000 m. The minimum coefficient of friction of 0.110 and the 
10.4 mg wear loss occurred in Al7075-12%TiB2-4.5%MoS2 in the case of the 200 m sliding 
distance, 5 N applied load and 0.5 m/s sliding velocity. Fig. 7.e shows the variation of wear 
loss for an increased sliding distance and it is shown that wear loss increases with an increase 
in the sliding distance. Fig. 7.f shows the relationship between the coefficient of friction and 
the sliding distance. Fig. 7.f reveals that the coefficient of friction (COF) increases with an 
increase in the sliding distance.  
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The unreinforced Al7075 has high wear at the 1000 m sliding distance, 0.5 m/s sliding 
velocity and 20 N applied load. The high wear loss takes place due to the continuous 
detachment of particles from the surface of Al7075, which forms a deep narrow wear track on 
the surface of Al7075. The low wear loss takes place in Al7075-12%TiB2-4.5MoS2 at the 
1000 m sliding distance, 5 N applied load and 2 m/s sliding velocity. 

Table 5  Test conditions at sliding velocity of 0.5 m/sand applied load of 5 N  

S.NO 
SLIDING 

DISTANCE 
(m) 

SAMPLE A SAMPLE B SAMPLE C SAMPLE D SAMPLE E 
WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF
(µ) 

WL 
(mg) 

COF 
(µ) 

WL 
(mg) 

COF
(µ) 

1 200 13.1 0.144 11.9 0.129 11.3 0.124 10.8 0.118 10.4 0.110 
2 300 13.8 0.151 12.5 0.137 11.9 0.130 11.4 0.124 10.8 0.119 
3 500 14.9 0.163 13.4 0.148 12.6 0.139 11.9 0.131 11.4 0.124 
4 1000 16.9 0.182 14.9 0.167 13.5 0.149 12.8 0.139 12.1 0.131 

   
 Fig. 7.e  Sliding distance vs wear loss Fig. 7.f Sliding distance vs COF 

In Figs. 7 (a-f)), line A, line B, line C, line D and line E represent Al7075, Al7075-
12%TiB2,Al7075-12%TiB2-1.5%MoS2,Al7075-12%TiB2-3%MoS2,Al7075-12%TiB2-
4.5%MoS2 composite specimens, respectively.  

The worn surface of the Al7075-12%TiB2-4.5MoS2 composite shows a lower 
detachment of particles due to low abrasion on the surface of the hybrid composite. An 
increase in the applied load increases the force required to detach the particles from the 
unreinforced surfaces, which leads to an increase in the depth of detached particles. 
The increase in the applied load on the composite specimens does not increase the depth of 
detached particles due to the reinforcement particles that withstand the force generated by the 
applied load [23].  
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The worn surface presented in the SEM image (Fig. 8.b) confirms that an increase in 
MoS2  wt% in every Al7075 hybrid composite decreases the surface contact by acting as a 
solid lubricant between the reinforced Al7075 composite material pin and disc [19,24]. It 
leads to a reduction in the wear loss by reducing the number of detachment particles from 
reinforced surfaces and to a reduction in the coefficient of friction during the wear test. The 
increase in the sliding velocity decreases the duration of the force acting on the particles of 
the surfaces and increases the spreading of MoS2 in the reinforced surfaces, which leads to a 
decrease in the wear loss and coefficient of friction. The increase in the sliding distance 
increases the wear loss and coefficient of friction because of the increase in the number of 
particles detached from the surfaces.  

   
 Fig. 8.a  Worn surface of AL7075 Fig. 8.b  Worn surface of AL7075-12%TiB2-4.5%MoS2 

The SEM images corresponding to the lowest 10.0 mg and highest 22.1 mg wear loss 
are shown in Figs. 8 (a-b). 

4. Conclusions  
In this investigation, AL7075, AL7075-TiB2, Al7075-TiB2-MoS2 samples were 

fabricated using the powder metallurgy technique. The density and microhardness of the 
fabricated composite increased with an increase in wt% of reinforcement. TiB2 profoundly 
influenced the property of wear resistance, but MoS2 had more influence on providing a better 
coefficient of friction and wear properties. The wear test results reveal that the wear loss and 
the coefficient of friction increased with an increase in the applied load and sliding distance. 
The wear loss and coefficient of friction decreased with an increase in the sliding velocity. 
Al7075-12%TiB2-4.5%MoS2 produced the minimum wear loss and coefficient of friction at 
the sliding velocity of 2 m/s, sliding distance of 1000 m and applied load of 5 N. The 
optimization of composition and tribological properties of hybrid composite material will be 
the scope of a future investigation.   
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