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Abstract: Present study was carried out to understand the effect of zinc oxide (ZnO) 
nanoparticles (NPs) on mechanical properties of AA 5052 aluminum alloy. The incorporated 
nanoparticles were prepared by conventional sol–gel technique while aluminum alloy composites 
were synthesized employing mold casting method. The synthesized ZnO NPs reflects have 
average crystallite sizes of around 60 nm. AA5052 with increasing concentrations of ZnO NPs 
from 1 – 4% with steps of 1% in between was synthesized. Tensile properties of these alloy 
samples of various reinforcement concentrations were evaluated by Ultimate Tensile Strength 
(UTS), Yield Strength and Percentage Elongation studies. The results revealed that an addition 
of ZnO nanoparticle to alloy have considerably enhanced the tensile strength and the hardness. 
The maximum tensile strength and hardness of this alloy was 207.6 MPa, which occurred at 4 
wt% of ZnO NPs.  

Introduction 
Airplanes are increasingly using aluminum composites because of their better tensile and yield 
strength and corrosion resistance, which makes them ideal for use in aircraft structures. High-
speed flight conditions need the use of composite materials that can withstand high temperatures 
[1,2]. As a result, they’ve widened the scope of their composites research to encompass uses in 
aircraft operating at higher Mach numbers and temperatures ranging from 200–250° C [3]. 
Furthermore, for aerospace industries such as wing structures, airframes and heat exposure of Al 
composites to maximum temperatures are critical [4]. High strength alloys are stable and 
resistant to corrosion features of aluminum alloys are particularly impressive [5]. High-
temperature applications have seen an increase in the characteristics of Al castings synthesized 
by chemical stir casting [6]. It is essential to improve the mechanical properties aluminum by 
incorporating NPs or mixing other metals. The examination of addition of NPs on the 
microstructure and the mechanical properties of this alloy is what mainly focused on in this 
study. Among NPs, zinc oxide (ZnO) is considered a semiconductor material, self-activated 
crystal and multi-functional because of low dielectric constant, high catalytic activity, more 
economical and wide band gap around 3.37 eV with high exciting binding energy [7–9]. 
Therefore, this is used in field of nanotechnology and material science to improve workability of 
various components in nanometer scale by various techniques. In addition, it is used in solid-
state gas sensor, solar cell, electronic nanodevices, UV lasing diode, nanowire, nanoresonators 
and piezoelectric transducers [10–13]. Raghukiran et al. [14] studied the effect of the scandium 
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addition on the mechanical and wear behavior of Al–x%Si–0.8Sc alloys. The results show the 
Al–x%Si–0.8Sc alloys give higher tensile strength and flow stress, and an improvement in the 
wear behavior at low concentration ratio of silicon for ternary alloys. In addition, the effect of 
scandium on hardening and composition of the Al–Ca eutectic alloys were investigated by Blow 
et al. [15]. It was found the scandium addition to this alloy does not leave an influence on the 
strengthening. Hengcheng et al. [16] investigated the effect of an addition of strontium on grain 
structure of Al–13 wt% Si alloy. It was observed that the eutectic grain structure was refined 
with an addition in Sr and the faster cooling rate leads to the increasing in eutectic nucleation 
rate. El-Mahallawi et al. [17] used three types of nanoparticles such as (Al2O3), titanium dioxide 
(TiO2) and zirconia (ZrO2) to improve the properties of A356 aluminum alloys. There is an 
enhancement in the mechanical properties with an addition of NPs of Al2O3, TiO2 and ZrO2. 
With these available results an attempt is made here to find out the influence of ZnO NPs on 
AA5052 alloy.  

Experimental procedure  
Zinc oxide nanocrystalline synthesis  
ZnO nanoparticles were synthesized by employing sol–gel technique. Zinc acetate dehydrate 
[Zn(CH3COO)2⋅H2O], isopropanol and diethanolamine [HN(CH2-CH2OH)2, DEA] were used 
as raw materials for the synthesis of ZnO NPs. The reagents, provided in analytical grade, were 
utilized without further purification. First, solution which consists of 6.585 g of 
Zn(CH3COO)2⋅H2O and 75 mL of isopropanol was stirred at 60 °C for 1 h. Then DEA with 
molar ratio three times that of Zn(CH3COO)2⋅H2O was added gradually to the obtained solution 
and kept on the magnetic stirrer for another hour at the same temperature. The solution becomes 
clear and homogeneous gel after 2 min from adding DEA. With a view to achieve the final ZnO 
nanocrystalline powder, the obtained gel was refluxed for 1 h at 140 °C and then the result was 
calcined at 600 °C for 6 h. The crystal structure of the synthesized ZnO powder was examined by 
means of X-ray diffraction (XRD) microstructure of the synthesized ZnO NP powder was 
investigated by high-resolution transmission electron microscope for confirmation of ZnO 
formation.  

Preparation of nanocomposite  
AA 5052 alloy was utilized as a base material in this study. Zinc oxide nanopowders were used 
as reinforcement phase at different weight concentration from 1 to 4% with in-between steps of 
1%. The chemical composition analysis of the base material is summarized in Table 1 of our 
earlier study [1]. Permanent mold casting technique (PM) was used to produce the hypereutectic 
Al–16 Si %. The more details about the casting procedure and the cooling conditions were 
presented in the previous work. The desired amount alloy and synthesized ZnO NPs were in total 
mass 1 kg. The needed mass of alloy was placed into the copper crucible of the electrical furnace 
after cutting it into small pieces and primates to melt inside the furnace up to 710 °C. Then ZnO 
nanoparticles with different weight percent was added to AA5052 alloy in the liquid or semisolid 
state at 750 °C. Molten mixture of alloy and NPs were poured into the copper crucible and 
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stirred manually for 5 min after the addition of the ZnO NPs. Finally, the melt was poured 
manually to the metal mold. AA5052 alloy specimens before and after adition of ZnO NPs were 
cut according to ASTM standard for further measurements. Studies on Tensile Properties 
ASTM E8-95 requirements as in Figure 1 were followed in the preparation of the composites, 
which had tensile properties with a gauge width of 12.5 mm and gauge span of 62.5 mm. Fine 
devices (Miraj, Maharashtra, India) manufactured TFUN-600 UTM was used to characterize the 
specimens and the tensile testing results were listed using the strain rate of 1.5 percent per 
minute (0.00025/s).  

 
Figure 1: Schematic representation of the sample considered for tensile test. 

Results and Discussions 
Ultimate Tensile Strength (UTS). According studies associated with reinforcement effects on 
AA 5052 shows that UTS of composites rises with the rise in weightage percent of fillers. 
Results obtained for these aluminum samples shows similar variation in support to earlier 
reports. With the addition of ZnO NPs, the mechanical properties such as tensile strength, yield 
strength have shown a significant improvement linearly with the increase in filler concentration. 
They concluded that highperformance hybrid aluminum composites were needed. Controlled 
dispersion of ZnO NPs in Al solid solution makes it easier to form strong bonds between matrix 
and reinforcements, which this current study is focused on. Due to stronger bonding and 
interstitial strengthening, thermal treatment is necessary in order to improve the composites’ 

tensile characteristics. A similar study in [18] found that the mechanical characteristics of 
aluminum-fly ash compounds can be enhanced by thermal treatment. Using different weight 
percentages of fly ash and heat treatments on composite specimens, they were able to improve 
the mechanical characteristics by altering the crystalline structure, which was then followed by 
different weight percentages and particle sizes of fly ash. The figure showing values of tensile 
strength and yield strength is shown in Fig 2.  
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Figure 2. Bar graph representing Tensile and yield strength of the alloy samples. 

Yield Strength. The results of yield strength obtained for the sample represented in the Figures 3, 
show a supportive variation which is in accordance with the literature. The spline plot of 
variation of tensile strength and yield strength is represented together to identify the comparative 
variation of these data across the samples with various reinforcement percentage. From the graph 
it is evident that, the addition of filler increases the YS of the composites, indicating that the 
filler ZnO is effective in enhancing the strength of the alloy effectively. Even though the 
improvement of tensile strength/ yield strength is not linear with the increase in filler 
concentration, the overall effect is proven to be constructive.  

 
Figure 3. Variation of Tensile and yield strength across alloy samples. 

 
Percentage Elongation. A composite’s ductility can be assessed by measuring the percent of 
elongation, which gives an idea of how long the material can stretch in the plastic zone before 
snapping. Figure 4 shows the percentage of elongation that the alloy samples undergo before 
rapture. Since, the parent alloy specimen (AA 5052) lack stiffness and are unable to absorb 
applied loads before failure, the %El of these samples is greater than that of the composites. 
Tough, the %El reduces with the addition of reinforcements, particularly ZnO, results show that 
it increases the strength and hardness of a material, causing embrittlement in the composites. 
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These results are also in accordance with the earlier studies [19,20] which found that elongation 
reduces with increasing strength. Higher tensile and Young’s modulus results in higher level of 
strength, which in turn leads to a higher stiffness of the material, which reduces the amount of 
strength connected to elongation. Further, addition of NPs may not show a very linear variation 
of physical parameters with the addition of fillers, but the holistic property of the alloy have been 
enhanced with the increase in NPs concentration.  This non-linear variation can be attributed to 
many physico-mechanical accepts that influence on the structure of the material as addressed in 
literature [21-25].  
 

 
Figure 4. Variation of Tensile and percentage elongation for alloy samples across concentrations 

of ZnO. 
Conclusions 
The results show that addition of metal NPs, ZnO to aluminum alloy, increases the strength of 
the parent metal significantly. Along with this, the earlier studies have reported that the addition 
of ZnO to aluminum decreases the corrosion rate of the metal considerably making it more 
corrosion resistant [26]. Thus the new nanocomposite AA5052 alloy proposed here in this study 
proves to be strong and more stable compared to its pure counterpart.  
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