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Effect of aging time on microstructural and mechanical properties of
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ABSTRACT

Aluminum alloy 6061 have moderate strength, good formability, and excellent corrosion resistance,
it has a wide use in several engineering sectors. Age hardening is the main feature of this alloy. In this study,
some mechanical characteristics of Aluminum 6061 samples aged to different times has been studied. The
specimen’s mechanical properties were improved in general; best mechanical properties were achieved after
2 hours of heat treatment at 2000C. Ultimate tensile stress, yield stress, ductility and microhardness variation
with aging time are discussed regarding to the microstructural alteration caused by heat treatment. We found
that the Mg2Si initiation and growth was a function for aging time, which was the main cause for
improvement of the alloy mechanical features.
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1. Introduction

Aluminum is the most widely used nonferrous metal. Primary aluminum (in contrast to secondary aluminum,
that obtained from scrap metal processing) accounts for approximately 75% of annual consumption[1]. Pure
aluminum has poor mechanical properties, it is used for domestic products and for electrical conductors, but it
must be alloyed for serious structural use[2-4]. Aluminum alloys have many benefits including light weight,
lower melting points, good thermal conductivity, non-rusting nature, and ability to be used unpainted[4-6].
However, even the strongest alloys will corrode in some hostile environments, and may necessitate protection.
Using gas-shielded processes, most alloys can be arc welded as easily as steel. Because of the high metal
removal rates that are possible, milling can be a cost-effective aluminum fabrication technique [4]. Aluminum
strength can be increased through alloying, and heat treatment, resulting in improved mechanical properties[7].
Alloys containing more than 1.4 percent Mg and Si. They gain strength when they aged. Because they are more
guestion sensitive, about 0.25 wt% Cu is add to (6061) alloy to improve mechanical properties[1].

Heat treatment is one of the most significant method to enhance the mechanical features of Al-Si-Mg alloys.
This treatment includes solution treatment and aging[8]. For getting supersaturated solid solution, the solution
heat treatment is initially done at 5000C. Aging is accomplished by heating to 2000C for varying duration of
time which results in several stages of precipitation (leading to stable 3 phase[9, 10].

Heat treatment’s effect on the mechanical and microstructural properties of alloys has been extensively
researched. The authors [11]studied and reported the effect of heat treatment modifies on the aluminum alloy
mechanical properties. They discovered that heat treatment improves the mechanical features of 2024 and 6061
aluminum alloy. The best modification in the mechanical properties by heat treatment was for 2024 alloy. Heat
treatment also used to modify the dynamic properties of simply sustained and aluminum alloy cantilever plate
structure (6061, 2024). In [12], authors discussed aging impacts for different times on the 6061 mechanical alloy
features. They discovered that the best mechanical characteristics were obtained after a 2-hour of aging period.
More than two hours of artificial aging reduce the material’s strength and hardness. Kumar et al investigated
that the aging of solution treated samples has a positive action on mechanical characteristics. The nucleation
rate of Mg2Si precipitates rose with increasing aging temperature. They also deduced that highest value of
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strength, elongation, toughness and hardness is obtained at 2400C because of Mg2Si precipitation with
intermediate grain size and uniform distribution [13, 14].

The researchers Ozturk et al conducted aging treatment procedure for 6061 alloy and they found that after 200
minutes of aging at 2000C, the peak-aging conditions are reached. A slight difference in the Mg/Si atomic ratio
could make a dissimilar time to peak ages. Then, the precipitates change the material’s mechanical properties
[15].

The current study compares four aging processes for Al-Mg-Si alloy (6061) and demonstrates the broad property
range caused by changes in mechanical properties and microstructure. It concludes by assessing different test
results.

2. Materials and experimental procedures

The metal utilized in this work is aluminum 6061 in the form of rods. Table 1. displays chemical components
as obtained by X-Ray fluorescence:
Table 1. Alloy chemical compositions

element Si Fe Cu Mn Mg Cr Ni
%wt 0.751 0.413 0.345 0.068 0.903 0.092 0.004
element Zn Ti Pb B Sn \Y Al
%owt 0.015 0.023 0.007 0.002 0.001 0.008 97.3

The specimens of tensile test were in accordance with ASTM E8 standards, and the specimens were subjected
to solution treatment involving heating the aluminum to 5000C for 120 minutes and then quenching in water.
The second treatment was artificial aging at 2000C for different time: (30, 120, 240, 300) minute.
Tensile test machine used in this research is a computerized (WDW 200E, made in China) it’s capacity 200KN,
it’s speed was 1 mm/min. For determine microhardness digital micro Vickers hardness tester was used (TH714,
made in China ), microhardness test was achieved after aging with an average of six hardness measurements for
each aging treatment.
A metallurgical microscope was used to observe the microstructure in this work (model MTM-1A BEL
Engineering, made in Italy). Table 2. Shows how the specimens were classified.

Table 2. Categorization of specimens

condition Specimen
category

Solution heat treated
Aging for 30 minute
Aging for 120 minute
Aging for 240 minute
Aging for 300 minute

mo|O|wm| >

3. Results and discussion

The purpose of doing microstructure test was to observe the changes resulting from the artificial aging process.
"Precipitation sequence in 6061 alloy is as follows: super saturated solid solution (SSSS) —S¥Mg cluster
—> Guinier — Preston (GP) zones —> p*—=> $>> B (Mg2Si) phase, where B gives the best mechanical
resistance to the alloy[16, 17].
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Figure 1. microstructure of Al 6061 after aging for: (A) 30 min (B) 120 min (C) 240 min. At 400 X
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Figure 1. demonstrates that the initiation and growth of Mg2Si was a function for aging time. As the aging time
was increased to 120 minutes, the number of precipitates increased, as shown in figure (1-B), and it increased
even more after aging for 240 minutes, as shown in figure (1-C).

“If the alloy artificially aged without any aging time lag, the amount of cluster generated at the begin is much
smaller. As a result, a high portion of solute atoms remain in solution. Some of these clusters will be able to
absorb the excess solute during artificial aging, and grow to [1] an appropriate size to enhance mechanical
properties, this is combined with a finer precipitate structure”. We can notice this from tensile test results (figure
2). which show significant gradual increase in ultimate tensile and yield stresses after aging process for various
aging time. It can be seen that UTS was increased gradually from 201 MPa for the specimen A until 302 MPa
for the sample C which represent the highest value and it decrease to 278 MPa for the sample E. yield stresses
was increased in the same pattern it raised from 139 MPa for the sample B to 285MPa for the sample C which
represent the best value in comparison with the other samples. With increasing aging time more than 120 min
the value of the yield stress will decrease to the value 260 for sample E. In contrast, the percent elongation of
the samples was decreased gradually from 37.5 % for the sample B to 11% for the sample E as shown in figure
3. In addition, microhardness results shown in figure 4. also shows that increasing age hardening temperature
improved microhardness. The improvements in the tensile properties and microhardness can be explained by
considering microstructure changes that occur during the age hardening process. This agreed with Shatha et al
and F. Ozturk et al. [15, 12].

In addition to the presence of the Mg2Si phase, that improved mechanical features of size differences between
the aluminum and solute atoms make aluminum matrix elastic stresses impede and obstruct the movement of
dislocation, give rise to greater strength values. The strength increase when natural aging continues or turn out
to be steady, whereas in artificial aging hardness and strength reach an ultimate value and then decrease with
increasing aging time. The decrease in strength after a long period of aging time or at elevated aging
temperatures is referred to as over aging. More grain boundary precipitates will be found in over aged alloys; it
is mainly Si. Si limits ductility and causes intergranular embrittlement because of the Si proclivity to segregate
to the boundaries of the grain, reducing fracture stresses and strain of the over aged samples. These results
agreed with Totten and Mackenzi [1].
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Figure 2. Yield stress and ultimate tensile stress for the examined specimens
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Figure 4. Hardness measurements for various aging time

Conclusion

Tensile test carried out for aluminum alloy 6061 for the evaluation of the influence of the aging time on the
material strength. It is concluded that the mechanical properties improved gradually with increasing aging time
until it reached 120 minutes, which represented the optimal aging time to obtain the best mechanical properties.
It was also concluded that an increasing aging time increase the nucleation rate of Mg2Si precipitates. Aging
for a period of more than two hours decreases the alloy mechanical features.

References

[1] G. E. Totten and D. S. MacKenzie, Handbook of aluminum: vol. 1: physical metallurgy and processes.
CRC press, 2003.

[2] H. Gzar, N. A. Jasim, and K. M. Kseer, "Electrocoagulation and chemical coagulation for treatment of
Al-Kut textile wastewater: A comparative study,” Periodicals of Engineering and Natural Sciences
(PEN), vol. 8, no. 3, pp. 1580-1590, 2020.

[3] G. Meshchanov and I. Peshkov, "Innovative approaches in domestic cable engineering,” Russian
Electrical Engineering, vol. 81, no. 1, pp. 1-8, 2010.

[4] J. Dwight, Aluminium design and construction. CRC Press, 1998.

[5] E. Kicukov and A. Gursel, "Ultrasonic welding of dissimilar materials: A review," Periodicals of
Engineering and Natural Sciences (PEN), vol. 3, no. 1, 2015.

[6] K. K. Al-Khazraji, W. A. Hanna, and O. S. Muhammed, "Study the Effect of Polymeric Quenching on
Wear Resistance of Eutectic Modified Aluminium-Silicon Alloy," Journal of Minerals and Materials
Characterization and Engineering, vol. 10, no. 10, p. 941, 2011.

[7] I. Polmear, D. StJohn, J.-F. Nie, and M. Qian, Light alloys: metallurgy of the light metals. Butterworth-
Heinemann, 2017.

[8] P. Moldovan, G. Popescu, and M. Butu, "Heat Treatment of Al-7Si-0.3 Mg alloy previously inoculated
with a new type of quaternary master alloy,” UPB Sci Bull Series B, vol. 69, no. 2, pp. 91-98, 2007.

[9] C. Marioara, H. Nordmark, S. Andersen, and R. Holmestad, "Post-p "phases and their influence on
microstructure and hardness in 6xxx Al-Mg-Si alloys," Journal of materials science, vol. 41, no. 2, pp.
471-478, 2006.

[10] J. Buha, R. Lumley, A. Crosky, and K. Hono, "Secondary precipitation in an Al-Mg-Si—Cu alloy,"
Acta Materialia, vol. 55, no. 9, pp. 3015-3024, 2007.

[11] S. G. Hussein, M. A. Al-Shammari, A. M. Takhakh, and M. Al-Waily, "Effect of Heat Treatment on
Mechanical and Vibration Properties for 6061 and 2024 Aluminum Alloys," Journal of Mechanical
Engineering Research and Developments, vol. 43, no. 01, pp. 48-66, 2020.

[12] S.M.Rajaa, H. A. Abdulhadi, K. S. Jabur, and G. R. Mohammed, "Aging time effects on the mechanical

properties of Al 6061-T6 alloy," Engineering, Technology & Applied Science Research, vol. 8, no. 4,
pp. 3113-3115, 2018.

618



PEN Vol. 10, No. 1, February 2022, pp.615-619

[13]

[14]

[15]
[16]

[17]

M. Kumar, M. M. Baloch, M. I. Abro, S. A. Memon, and A. D. Chandio, "Effect of artificial aging
temperature on mechanical properties of 6061 aluminum alloy," Mehran University Research Journal
of Engineering & Technology, vol. 38, no. 1, pp. 31-36, 20109.

M. S. Farhan, and F. T. Abed, "Impact of Substrate Temperatures On the Properties of V205 Thin
Films Deposited by Pulsed Laser Deposition,” in Journal of Physics: Conference Series, 2021, vol.
1973, no. 1, p. 012074: 10P Publishing.

F. Ozturk, A. Sisman, S. Toros, S. Kilic, and R. Picu, "Influence of aging treatment on mechanical
properties of 6061 aluminum alloy," Materials & Design, vol. 31, no. 2, pp. 972-975, 2010.

A. Yamamoto, A. Maeda, and H. Tsubakino, "Amorphous Phase Precipitates in 6061 Aluminum
Alloys," in Materials Forum, 2004, vol. 28, pp. 218-223.

I. Guzman, E. Granda, J. Acevedo, A. Martinez, Y. Davila, and R. Velazquez, "Comparative in
Mechanical Behavior of 6061 Aluminum Alloy Welded by Pulsed GMAW with Different Filler Metals
and Heat Treatments,” Materials, vol. 12, no. 24, p. 4157, 2019.

619



