
 

 
*Corresponding author  

Mohammed RASHEED,  

Production Engineering & Metallurgy College, University of Technology- Iraq, Baghdad 10066, Iraq  
e-mail: rasheed.mohammed40@yahoo.com 
 

10 
 

doi: https://doi.org/10.52688/ASP68339 

rasheed.mohammed40@yahoo.com 

Keywords: 7075 Aluminum alloy, ZrO₂ nanoparticles, aluminum matrix composites, mechanical properties, powder 

metallurgy  

INTRODUCTION 

https://doi.org/1
mailto:rasheed.mohammed40@yahoo.com


 

rasheed.mohammed40@yahoo.com



 

rasheed.mohammed40@yahoo.com

 

 

MATERIALS AND METHODS 

MATERIALS 



 

rasheed.mohammed40@yahoo.com

. 

 

PREPARATION OF 7075AL–ZRO₂ COMPOSITES 



 

rasheed.mohammed40@yahoo.com

POWDER COMPACTION AND SINTERING 

SAMPLE DESIGNATION 



 

rasheed.mohammed40@yahoo.com

 

STRUCTURAL AND MICROSTRUCTURAL CHARACTERIZATION 

 

DENSITY AND POROSITY MEASUREMENTS 



 

rasheed.mohammed40@yahoo.com

MECHANICAL CHARACTERIZATION 



 

rasheed.mohammed40@yahoo.com

TRIBOLOGICAL EVALUATION 



 

rasheed.mohammed40@yahoo.com

 
Fig. 5. Schematic representation of the pin-on-disc tribological test setup used for evaluating the dry sliding 

wear behavior of 7075Al–ZrO₂ composites according to ASTM G99. 
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RESULTS AND DISCUSSION 
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FIELD EMISSION SCANNING ELECTRON MICROSCOPY (FESEM) 
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ENERGY-DISPERSIVE X-RAY SPECTROSCOPY (EDS) AND ELEMENTAL MAPPING 
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ATOMIC FORCE MICROSCOPY (AFM) 
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TRANSMISSION ELECTRON MICROSCOPY (TEM) 
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PHYSICAL CHARACTERIZATION 

DENSITY AND POROSITY EVALUATION 
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MECHANICAL CHARACTERIZATION 
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TENSILE TEST 
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CHARPY IMPACT TEST 

highest impact performance was achieved for the S3 composite containing 

unreinforced alloy, the absorbed energy increased by approximately 28.9%, demonstrating 

bonding between the matrix and reinforcement. Furthermore, the refined 

to 13.7 ± 0.6 J, while the impact strength decreased to 171.3 ± 7

stress concentration sites and facilitated crack initiation during sudden 

the impact resistance of 7075 aluminum composites, 
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NANOINDENTATION 

measurements were performed to evaluate the local mechanical properties of the 

using a Berkovich diamond indenter under load-controlled conditions in 

reported values represent the average of at least ten measurements

specimen,   = Poisson's ratio of the diamond indenter (0.07), and   

fabricated 7075Al–ZrO₂ composites. The unreinforced alloy, 

curve displayed the largest penetration depth (462 ± 14 nm), indicating 
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S2) improved the local mechanical response of the composite. The nanohardness 

increased to 2.06 ± 0.07 GPa, while the reduced elastic modulus reached 79.8 ± 2.4 GPa. Simultaneously

and the refinement of the matrix microstructure. The most 

58 ± 0.06 GPa and the maximum reduced elastic 

depth under identical 

loading conditions, indica

interfacial bonding, and the activation of multiple strengthening mechanisms 

terioration of the nanoindentation properties. Although the 

stiffness. This behavior is attributed to nanoparticle agglomeration 

nanoindentation results demonstrate that the incorporation of 

compositions, the 7075Al–3 wt.% ZrO₂ composite (S3) exhibited the optimum 

contact stiffness. These findings are consistent with the microstructural 
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Fatigue testing 

machine in accordance with ASTM E466 to determine fatigue life and endurance 

cycles to failure (Nf) was recorded for different applied stress 

unreinforced alloy (S1) exhibited the lowest fatigue 

with the coarse grain structure and the presence 

strength to 192 ± 6 MPa and increased the endurance 

crack initiation. The most significant improvement 

MPa. Furthermore, the maximum fatigue life 

behavior is attributed to the homogeneous dispersion of ZrO

propagation during cyclic loading. For the S4 composite 

remained significantly higher than those of S1 and S2, the reduction 

initiation. The S–N curves in Fig. 16 clearly show that the fatigue 

.% ZrO₂ provides the optimum reinforcement level for maximizing 
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HIGH-TEMPERATURE MECHANICAL TESTING 
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TRIBOLOGICAL CHARACTERIZATION 

PIN-ON-DISC WEAR TEST, COEFFICIENT OF FRICTION (COF) 
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resistance of the aluminum matrix composites by reducing material 

rate of 5.62 × 10
-4

 mm
3
/N·m, indicating relatively poor 

and the counterface. The high wear loss is attributed to 

reduced the wear loss to 13.8 ± 0.6 mg and decreased the specific 

attributed to the increased hardness and load-bearing capability 

composite containing 3 wt.% ZrO2, which exhibited the lowest 

Compared with the unreinforced alloy, the wear loss decreased by 

deformation, and reduced direct metal-to-metal contact during 

15 × 10
-4

 mm
3
/N·m. The coefficient of friction also increased 

attributed to nanoparticle agglomeration and the increase in residual porosity

an optimum reinforcement level of 3 wt.%. Beyond this 

composite (S3) exhibited the most favorable tribological performance, characterized 
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THERMAL CHARACTERIZATION 

THERMAL EXPANSION ANALYSIS 

expansion (CTE) of the fabricated 7075Al–ZrO₂ composites 

heating and cooling cycles. The specimens were heated from room 

recorded, and the linear coefficient of thermal expansion was 

from room temperature to 500°C. The results clearly demonstrate 

expansion. The unreinforced alloy (S1) exhibited the highest thermal 

coefficient of thermal expansion of 23.8 × 10⁻⁶ °C⁻¹. The 

decreased to 22.1 × 10⁻⁶ °C⁻¹. This improvement is attributed 

significant reduction in 

thermal expansion wa
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CTE decreased by approximately 14.7%. The superior thermal 

imposed on thermal deformation of the aluminum matrix. For the 

gh these values remained lower than those of S1 and S2, they were 

reinforcement levels, which reduce the effectiveness of thermal 

temperature for all composites. However, the slope of the expansion 

S3 composite consistently exhibited the lowest expansion values across 

dimensional stability and thermal performance of 7075 aluminum composites

characterized by the lowest coefficient of thermal expansion and highest thermal 
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CONCLUSION 

tribological, thermal, and corrosion properties of 7075 

were systematically investigated to identify the optimum reinforcement 

tetragonal ZrO₂ nanoparticles into the aluminum matrix without 

alloy to 30.04 nm for the composite containing 3 wt.% ZrO

–particle interfacial bonding, reduced porosity, and increased 

exhibited the most favorable combination of properties. This sample 

together with improved corrosion resistance and thermal stability

mismatch strengthening, and efficient crack-deflection mechanisms

residual porosity reduced the strengthening efficiency and partially 

composites, providing an excellent balance between strength, toughness, dimensional 

lightweight aluminum matrix nanocomposites for aerospace, 
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