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ABSTRACT: An attempt was made to fabricate Nanocomposite aluminum alloy 7025 (aa7025)-Nano titanium 

oxide (NanoTiO2) by means of stir casting method. The level of reinforced material (NanoTiO2) was 0, 2, 4 and 

6 wt%.  the particle size of NanTiO2 was (10-20nm). Tribological properties of AA7025/TiO2 composites were 

examined. Volumetric wear losses (VWR) and wear rate (WR) were obtained experimentally before and after 

addition of NanoTiO2. The characterization of properties was done by using (MicoTest universal Pin on Disc) 

to test tribological behavior of the base metal and the aa7025-NanoTiO2 composites alloys. The results showed 

that the addition of Nano-TiO2 significantly improved the wear properties for all weight percentage of 

NanoTiO2 . The best wear resistance was occurred at composite alloy contains 4 wt% TiO2. The volume weart 

loss (VWL) was (530.74 m3) and the percentage of (VWL) was 29.4% of the (VWL)of pure aa7025.  In 

addition, the wear rate (WR) at composite alloy contains 4 wt% TiO2 was 4.788 m3/N.m and the percentage of 

the wear rate was 29.37% of the (WR) of the pure aa7025 alloy. These results were at applied load 40 N.  It 

also revealed that the (VWL) and (WR) increase when the applied load increased. The characterization of 

microstructure of wore samples was done using Scanning Electron Microscope (SEM). At aa7025-4wt. % 

NanoTiO2 composite alloys, the wear surface is smoother than in the base aa7025 without nano-particles. 
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INTRODUCTION 

The applications of aluminum alloys as structural materials [1-3] in automotive field has been limited as a result 

of their lower strength, wear resistance and rigidity compared with ferrous alloys. AA7000 series have been a 

lot of applications in melletary and aerospace [4, 5] because of its high setrngth and low density.Many 

researchs have been done to get batter properties by introducing ceramic particles like titanium oxide, 

aluminum oxide, zirconium oxide and other ceramic particle [6-9]. The particle Nanoreinforced has played an 

important role in improvement of mechanical, fatigue, tribological corrosion–fatigues, and creep–fatigueand 

corrosion properties. These particles distributed in a uniform form in the matrix leads to strengthening during 

the molten state. The stir casting route has been the best practice method providing good hardness, mechanical 

properties, wear resistance and fatigue properties “Among all the reinforcements NanoTiO2 particles are the 

best for reinforcement into the metal matrix composites ( MMCs )” [10 ]. MMCs are a new branch of Nano 

materials and being considered for various applications due to their improved wear resistance and strength 

specially in automotive and aerospace applications [11]. AA 7025 aluminum alloy is one of the 7000 series 

[12], which are characterized by their ability to strengthening using the solution treatment and aging.  A several 

studies were carried out on different aluminum alloys and it was reported that the blend of hard ceramic 

particles into the aluminum alloys improved the tribological properties of these alloys [13-15]. Introducing the 

Nano ceramic particles in the melt increased the tribological properties of aluminum [16]. AA7025 aluminum 

alloy (AA7025) characterized as a high strength alloy with excellent mach inability and corrosion resistance.  

This alloy is widely used in aircraft and it has good corrosion resistant at a heat treated condition [17]. AA7025 

has a fairly limited formability and some researchers have sought to improve their formability. M. Ebrahimi et 

al used equal-channel angular pressing technique to improve mechanical properties of AA7025 [18]. Nagaral 

M, et al studied the mechanical behavior of adding boron carbide (B4C) particles on AA7075, they concluded 

that, yield strength, ultimate tensile strength, and the hardness increased with the addition of 6wt. % B4C 
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ceramic particulates [19]. Babu, studied the Mach- inability of AA7075/Sic particles, they concluded that the 

surface roughness is low at high feed [20]. Devaraju, et al investigated the dry sliding wear resistance of 

composite of Al-Sic/Al2O3 and they deduced that the wear resistance enhanced with increasing Sic and Al2O3 

content [21].The current work focuses on manufacturing and characterization the tribological properties of 

AA7025 reinforced with TiO2 nanoparticles. These properties are obtained and compared before and after the 

process of fabricating the nanocomposites. 

METHODS AND MATERIALS 

The Experimental work was done by melting rod manufactured from aa7025 and cast in pre heated cast iron. 

Material Selection 

AA7025 of high Zn and Mg used as matrix in fabricating the nano composites AA7025/ NanoTiO2. The 

chemical composition of base metal is presented in table (1). While the mechanical property of base metal is 

presented in table (2). Table (3) illustrates the physical and mechanical properties of TiO2 reinforcement. 

Table 1. Chemical composition of 7025 aluminum alloy wt% 

Element Ref. [1] experimental 

Al Balance Balance 

Zn 4.13 3.92 

Mg 1.32 1.30 

Mn 0.60 0.55 

Fe 0.37 0.34 

Si 0.31 0.28 

Cr 0.28 0.22 

Cu 0.17 0.15 

Ti 0.11 0.10 

The samples were preperd by melting the base alloy and casting in metal mold.The reinforcement NanoTiO2 

particles were inserted in different weight percentage(0, 2, 4 and 6wt%. NanoTiO2) the molten metal. The 

Nanoparticles “were warped with aluminiun foil to prevent the contact with air” and immersed in the molten, 

then mixed by electric mixer to disperse with in the base metal. 

Table 2. Mechanical Properties of Aluminum Alloy 7025 

Yield strength 

(YS)MPa 

143 

Ultimate tensile strength 

(UTS)MPa 

258 

Vickers micro –hardnees 

HV 

72 

Elongation % 17 

Table 3. Physical and mechanical properties of TiO2 [23] 

property Nano powder 

Nano size (nm) 10 – 30 

Density (g/cm3) 4.23 

Particles appearance White nano powder 

Particles Purity % 99.5 

(UTS) MPa 3675 

(YS) MPa 367.5 

hardness 10290 Mpa 

Preparation the Samples for Testing 

The samples were cut from each alloy in 10 mm diameter and 20mm length. The samples were prepared by 

grinding and polishing according to standard of sample preparation for microscopy and wear resistance testing. 
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Wear West 

Wear resistance of base metal (AA7025) and (AA7025/TiO2) Nanocomposites was characterized using pin on 

disc dry sliding wear resistance testing machine. The dimension of diameter of sample was (10mm) and 

(20mm) length, the sample was the pin and the disc was manufactured from high wear resistance steel.The 

sliding distance was (2771 m) with sliding speed of (490 rpm).The sliding velocity was (3.07 m/sec). Readings 

are recorded for (15 min) for each load and the loads used are 10, 20, 30 and 40 N. Specimens were cleaned 

before and after the test by acetone for each using load. 

Results and Discussion 

The effect of NanoTiO2 on aa7025 was shown in the following 

Tribological results 

The effect of dry sliding wear parameter and the weight percentage of TiO2 particles on the behavior of matrix 

and various nanocomposite alloys are: 

1) Effect of applied load on VWL (volumetric wear loss) and WR (wear rate) 

The variation of (VWL) and (WR) against applied load for matrix and different compositealloys were given in 

table (4) and plotted in figures (1) and (2) respectively. 

Table 4. Gives the (VWL) and (WR) for matrix and composites. WL: Wear Loss, VWL: Volumetric Wear 

Loss, WR: Wear Rate 

 

Applied load (N) 10 20 30 40 

Metal matrix 

AA7025 

  
  

(WL) 

gm 

1.07 2.35 
3.62 4.94 

(VWL) 

mm3 

391.65 860 1325 1808 

WR×10-3 

mm3/N.m 

14.13 
15.52 15.93 16.3 

2wt%TiO2     

(WL) 

gm 

0.499 1.27 1.97 2.86 

(VWL) 

mm3 

182.65 464.8

6 

721 1046.8

5 

WR×10-3 

mm3/N.m 

6.59 8.38 8.674 9.44 

4wt%TiO2     

(WL) 

gm 

0.137 0.41 0.88 1.45 

(VWL) 

mm3 

65.15 65 322 530.74 

WR×10-3 

mm3/N.m 

2.35 2.7 3.87 4.788 

6wt%TiO2     

(WL) 

Gm 

0.2709 0.82 1.28 1.76 

(VWL) 

mm3 

99.15 300.1

4 

468.5

2 

644.2 

WR×10-3 

mm3/N.m 

3.57 5.41 
5.63 5.81 

As shown in Figure 1, and figure2 the volumetric wear loss (VWL) and wear rate (WR) increase as the applied 

load increases and decreases as the content of titanium oxide Nanoparticles (NanoTiO2) increases. The (VWL) 

values of the base alloy were (391.65, 860, 1325, and 1808 mm3) alloy with 0.2 NanoTiO2 (182.65, 464.86, 
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721, and 1046.85mm3), alloy with 0.4 NanoTiO2 (65.15, 65, 322, and 530.74mm3) and alloy with 0.6 

NanoTiO2 alloy (99.15, 300.14, 468.52, and 644.2 mm3 , all that for the variety of applied load as (10, 20, 30, 

and 40N, respectively).  As appear from figure 1, for all alloys the (VWL) increase with increasing the applied 

load, this is aresult of friction between the sample (Pin) and rotating disc. Also, the (VWL) decrease with 

increasing the NanoTiO2 content, this was as a result of the high hardness of Nanoparticles about (10 Gpa) 

which reduce the wear ability of alloy. 

The (VWL) values of the base alloy were (391.65, 860, 1325, and 1808 mm3) alloy with 0.2 NanoTiO2 

(182.65, 464.86, 721, and 1046.85mm3), alloy with 0.4 NanoTiO2 (65.15, 65, 322, and 530.74mm3) and alloy 

with 0.6 NanoTiO2 alloy (99.15, 300.14, 468.52, and 644.2 mm3 , all that for the variety of applied load as (10, 

20, 30, and 40N, respectively).  As appear from figure 1, for all alloys the (VWL ) increase with increasing the 

applied load, this is aresult of friction between the sample (Pin) and rotating disc. Also, the (VWL) decrease 

with increasing the NanoTiO2 content, this was as a result of the high hardness of Nanoparticles about (10 Gpa) 

which act as a barrier for dislocation movement and reduce the wear ability of alloy. Moreover the 

reinforcement of alloys by Nanoparticles make increasing of nuclies and empyruous and It encourages the 

grains refinement during solidification of the molten metal, which increase the wear resistance. The behaviour 

of the wear rate (WR) of the alloys is the same as in (VWL). It is clear from Figure 1, the lowest (VWL) was in 

sample with 0.4% NanoTiO2, this may be, with increasing the content of NanoTiO2 the agglomeration of 

particles increase and result in lower wear resistance. The behaviour of the wear rate (WR) of the alloys is the 

same as in (VWL). It is clear from Figure 1, the lowest (VWL) was in sample with 0.4% NanoTiO2, this may 

be, with increasing the content of NanoTiO2 the agglomeration of particles increase and result in lower wear 

resistance. 

 

Figure 1. The effect of load on WR of composite alloys and base alloy 

It is evident that the (VWL) and (WR) increase with increase the applied load for all the matrix and composites 

alloys. As the applied load increases, the NanoTiO2 particles exposed to sliding and start to smear on the 

contact surface and this process leading to the formation of the tribolayer resulting in increased the wear 

resistance. 

It is clear that the {(VWL)  and (WR)  reduced from 1808 mm3, and 16.3*10-3  mm3/N.m to 530.74 mm3 

4.788*10-3 mm3/N.m)} at the base alloy and alloy with 0.4% NanoTiO2 respectively, when load  40 N was 

used. The VWL and WR were enhanced by factor about four times (about 29%). 

 

Figure 2. Shows the effect of applied wear load on (VWL).  four colors are show matrix (blue), 

2wt%NanoTiO2 (red), 4wt%NanoTiO2 (green) and 6wt%NanoTiO2 
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Huda et al [22] have tested AA7075 /AL2O3 nanocomposites for level of reinforcement of 1, 3, 5 wt%Al2O3 

using  apin-on-disc .They concluded that the addition of AL2O3 reinforced material is significantly contributed 

to the enhancement of wear properties. The results show that the wear resistance of Alloys reinforced by TiO2  

were better than alloys reinforced by Al2O3 

Sem Abservation 

Figure 3a and figure 3b show SEM images for whe worn surface morphology of the base alloy and composite 

aa7025 rienfored by 0.4%NanoTiO2 particles respectively. As shown in figure 3a the wear tracks are clearly 

appears deeper copared with image in figure 3b. this indicates that the oxides only represent the mechanism of 

wear.   

 

 

 

 

 

 

 

 

 

 

Figure 3a. SEM images for pin of base metal 4wt%TiO2.composites. 

The SEM image in figure 3b reveals Microstructure contains Nanoparticles accompanied by less depth cracks 

and smooth surface compared with the surface of base alloy. This due to the presence of the Nanoparticle at the 

surface which endure the applied load and reduce the friction and then reduce the wear of the composite 

surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3b. SEM images for pin of 4wt. % TiO2 

This belongs to high hardness of NanoTiO2 particles which protect aluminum from abrade against steel high 

Track 
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disk hardness. The grain refinement and strong multidirectional thermal stress at the 7025 rienforced by 

4%NanoTiO2  at the interface between the pin (composite alloy) and rotating steel disc are also important 

factors which play a significant role in the wear resistance of composite alloy. 

CONCLUSION 

AA 7025 reinforced with TiO2 Nanoparticles (particle size about 25nm) was manufactured by stir casting 

method.  WR and VWL and SEM microscopy were experimentally examined. The following conclusions: 

1. Volumetric weight loss (VWL) and wear rate (WR) decrease with increasing nanoTiO2 content. 

2. The addition of TiO2 partialities to 7025 Aluminum alloy enhanced the wear resistance of composite 

about four times compared with base alloy. 

3. The best wear resistance was occurred at composit alloy contains 4 wt% TiO2. The volume wear loss 

(VWL) was (530.74 m3) and the percentage of (VWL) at composite alloy was 29.4% of the (VWL) of the 

base aa7025 at applied load 40 N. 

4. The wear rate (WR) at composite alloy contains 4 wt% NanoTiO2 was 4.788 m3/N.m and the percentage of 

wear rate was 29.37% of (WR) at pure aa7025 alloy at applied load 40 N. 

5. The SEM microphotograph of 4wt%TiO2 composite reveales that a fairly distribution of TiO2 for 

composite and this leads to improve the wear resistance of composite. 
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