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Abstract  
AA7075 Al alloys are widely used in the aerospace industry. However, the mechanical properties of these alloys 
are insufficient in space conditions. AA7075 Al alloy is produced by powder metallurgy method due to the good 
wear properties. Then AA7075 Al alloys have to be adapted to mechanical properties MoS2-TiB2 composite films 
are deposited. MoS2-TiB2 composite films were grown on powder metal substrate using CFUBMS method in three 
different MoS2 target currents. Structural properties of composite films were analyzed by SEM, XRD and XPS 
methods. The mechanical properties of the films are carried out by microhardness and scratch tester. The best 
grade value of AA7075 powder metal alloy was made with 800MPa pressing pressure and increased from 
2.61g/cm3 to 2.72g/cm3 after sintering. The highest hardness was obtained at the lowest MoS2 target voltage of 
4.7GPa. The highest critical load value was obtained as 26N at the highest MoS2 target voltage. 
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1.Introduction 

Powder metallurgy (PM) method can produce materials of highly fine 
grain, uniform microstructure and good wear properties [1]. Besides 
that it enables the metallic materials composed from different 
components of efficient unique property combinations [2]. One of the 
main types of materials produced by this method is aluminum (Al) 
alloys. Al and its alloys have good corrosion resistance, low density, 
high electrical conductivity and strength. In particularly, Al alloys of 
the 7XXX series exhibit high strength because they contain alloying 
elements such as zinc, magnesium and copper [3]. These alloys are 
also used in armor plates, transportable bridges, girders, vehicles for 
military and railway transport systems, storage tanks, naval and 
marine applications [4]. Due to the weak tribological properties of the 
alloy, surface properties are required to be improved. Especially 
AA7075 alloy has good abrasive and wear resistance. Therefore, solid 
lubricants have been used to improve the tribological properties of the 
AA7075 alloy. Solid lubricants are frequently used in areas where 
tribological properties are important such as high vacuum, high 
temperature, aviation and space where traditional materials and 
liquid lubricants cannot achieve the desired performance levels. 
MoS2, TiB2, h-BN, graphite etc. coatings are most commonly used as 
solid lubricants. As a comparison was made between the solid 
lubricants, in the space industry MoS2 and TiB2 are most attractive 
films [5]. However, the lubrication properties of MoS2 are deteriorated 
in the moist air due to oxidation of MoO3 [6, 7].  As very well known, 
while friction coefficient increases, adhesion and coating life 
decreases. For this reason, many materials such as metal (Au, Ti, Ta 
etc.) or ceramics (TiB2) is added to remove deterioration in MoS2 
coatings [8-12]. Scratch test and reciprocating multi-pass test are 
carried out to determine the adhesion and wear life of coatings, 

respectively [13]. To deposit solid lubricants, magnetron sputtering is 
commonly used in industry. Films can be coated with uniform, better 
adhesion and coating life by magnetron sputtering [14]. 

In this study, AA7075 were produced by PM. MoS2-TiB2 composite 
films were deposited on AA7075 produced by powder metallurgy 
using Closed Field Unbalanced Magnetron Sputtering (CFUBMS).  The 
structural and chemical properties of the coated films were 
characterized by XRD, SEM and XPS. The mechanical properties of 
AA7075 samples and composite films were determined by 
microhardness test, scratch tester and reciprocating multi-pass test. 

2. Experimental Methods 

A commercially, atomized and spherical AA7075 powder alloy with 
chemical composition is given in Table 1. 

Table 1. The chemical composition of AA7075 

Elements Al Cu Mg Zn Others 

wt. % 89.7 1.2 2.1 6.8 0.2 

 

The bulk material has 20mm diameter with 5 mm thickness was 
produced from aluminum powder that have 74µm size by using a 
uniaxial pressing method.  In order to obtain optimum density of bulk 
material, pressing processes were performed by at the different 
pressing pressure values (700-900 MPa).  

Before coating, AA7075 substrates were polished to Ra≈0.1µm. MoS2-
TiB2 composite films were grown on AA7075 and glass using CFUBMS 
with dc power supply. The schematic picture of CFUBMS was given 
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Fig.1. In the process, 2 Ti targets, 1 MoS2 target and 1TiB2 target were 
used. For plasma and ionization, Ar gas was used. Before the process, 
ion cleaning was carried out in 20 min. with -600V to eliminate 
contamination.  To improve adhesion, Ti interlayer was coated at Ti 
current of 5A, substrate bias of -150V and deposition time of 5 min. 
The deposition parameters were given in Table 2. After Ti interlayer, 
MoS2-TiB2 composite films were deposited under different MoS2 
target current values.  

 
 
 
Figure 1. The schematic picture of CFUBMS 

Table 2. The deposition parameter 

 R1 R2 R3 

The variable parameter  

MoS2 target current(A) 0.5 1 1.5 

The constant parameters 

TiB2 target current(A) 4 

Substrate voltage (-V) 70 

Time (min) 90 

Coating pressure (Pa) 0.33 

 
 
The film thickness and microstructure were observed using SEM 
(Zeiss Sigma 300). The crystallographic structure was obtained using 
XRD (Rigaku-2200 D/Max) a scan range of 10-60°. The elemental 
analysis was determined using XPS (Specs-Flex). The mechanical 
properties of MoS2-TiB2 composite films were carried out using 
microhardness test (Buehler) with Knoop indenter at 10gf in 15s and 
scratch test (Revetester CSM Instruments) under speed of 10mm/min 
and loading rate of 100N/min.  

3. Results and Discussion 

For the production of the substrate, the pressing pressure is optimally 
determined. Five different pressing pressures were used to determine 
the closest value to the theoretical density. In cold pressing processes, 
samples were obtained under pressures of 700, 750, 800, 850 and 
900MPa. The density values of all samples were measured with the 
Archimedes principle. Table 3 shows the density value of AA7075 
samples at different pressing pressures. Then, when the density 
measurements of the samples obtained from each pressing pressure 
were carried out, the closest value to the theoretical density gave a 
pressure of 2,61g /cm3 under 800MPa. 

Sintering process was started after pressing operations. Samples with 
the most optimum density value (800MPa) were subjected to sintering. 
The sintering process was carried out under the atmosphere of Ar to 
prevent oxidation. All samples were sintered at 590 °C for 1 hour. After 
the sintering process, the density of the highest green density of 
2,61g/cm3 increased to 2,72g/cm3 in the final case. Thus, substrate 

production was performed by PM method with density value close to 
the bulk sample. 

Table 3. The green density of the AA7075 

Pressing Pressure (MPa) Green Density 
(g/cm3) 

700 2,45 
750 2,51 
800 2,61 
850 2,55 
900 2,52 

 

The elemental contents, hardness values are summed up in Table 4.  
 

% at.  

Hardness 

(GPa) S B Mo Ti 

R1 37.510 42.029 17.599 2.862 4.7 

R2 37.425 40.220 21.485 0.870 3.5 

R3 35.154 41.143 22.122 1.581 3 

 

The film thickness and microstructure of MoS2-TiB2 composite films 
are given in Fig. 2. According to Fig. 2, all films have dense 
microstructure due to CFUBMS. The film thickness values and grain 
size sputter rate. The sputter rate increases in direct proportion to the 
target current [15]. 
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Figure 2. The film thickness and microstructure of MoS2-TiB2 
composite films 

The XRD graph of MoS2-TiB2 composite films is given in Fig. 3. All 
films have TiB2 (001), TiB2 (101), MoS2 (100) and MoS2 (202) phases.  

 

Figure 3. XRD graph for MoS2-TiB2 composite films 

The XPS graph of MoS2-TiB2 composite films is given in Fig. 4. The 
graph is showed that the increasing MoS2 target current, Mo and S 
amounts increase. The target current affects the Mo and S contents. 
Moreover, Mo and S amount negatively affect the hardness value [16]. 
Therefore, R1 film has the highest hardness value due to low MoS2 
content. Also, the decreasing target current reduces the grain size and 
increases the hardness value [17]. 

 

Figure 4. XPS graph for MoS2-TiB2 composite films 

The scrath graphs and pictures of MoS2-TiB2 composite films are 
given Fig. 5-7. The critical load values are 15N, 20N and 26N for R1, R2 
and R3, respectively. When compared critical load values, the highest 
critical load value has been obtained from the lowest hardness value. 
The critical load has increased with 

increasing film thickness (see Fig.2) and decreasing hardness [18]. 

A comparison has been made between scratch pictures, for R1 film, 
edge failures have started after 5N. Also, there is buckling in the 
scratch track. After 10N, the adhesive failure has been observed in the 
scratch track [19]. For R2 film, chipping has occurred in the edges after 
5N. The adhesive failures and gross spallation have happened after 
15N. For R3 film, adhesive failures have been observed in all pictures. 
The amount of adhesive failures has increased with increasing load 
value.  

 

Figure 5. The scratch results for R1 

 

Figure 6. The scratch results for R2 
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Figure 7. The scratch results for R3 

4. Conclusions 

The maximum green and sintering intensity was obtained from 800 
MPa pressing pressure. So, AA7075 with the maximum green 
intensity was chosen as a substrate material. MoS2-TiB2 composite 
films were grown on AA7075 substrates using CFUBMS with dc power 
supply. The maximum thickness value was 1.74µm. The thickness 
values increased with increasing MoS2 target current. The maximum 
hardness (4.7GPa) was measured from the lowest MoS2 target current. 
The increased film thickness caused decreasing in hardness value. 
Besides, the grain size increased with decreasing hardness value.  The 
maximum critical load was measured as 26N. The critical load 
increased with decreasing microhardness. 
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