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ABSTRACT

This research investigates the thermal degradation behavior of the mechanical
properties of 6061-T6 aluminum alloy subjected to a two-step artificial aging treatment.
The experimental procedure initiated with solution heat treatment at 530 °C for 2 hours,
followed by rapid water quenching. The specimens were then subjected to the first-step
aging at 175 °C for 8 hours. Subsequently, the second-step aging (Double Age) parameters
were designated as the independent variables, comprising five temperature levels (100,
150, 200, 250, and 300 °C) and five duration intervals (8, 12, 16, 20, and 24 hours). Degradation
kinetics and atomic diffusion rates were evaluated using the Arrhenius equation coupled
with precipitate size calculations. Uniaxial tensile tests were performed in accordance with
the ASTM E8 standard, and the resulting data were evaluated using analysis of variance
(ANOVA). Visual inspection of the fractured specimens revealed that ductile fracture occurred
across all experimental conditions, with the percentage of elongation exceeding 10%. Mechanical
testing results indicated that within the lower temperature regime (100 °C-150 °C), the yield
strength exhibited a continuous upward trend over time. Conversely, within the elevated
temperature regime (250 °C-300 °C), a severe degradation of mechanical properties was
observed due to the over-aging effect. The mathematical model and behavior simulation
developed based on diffusion kinetics demonstrated high predictability and precision in
forecasting the declining trend of yield strength as a function of both time and temperature.
Consequently, this model serves as an effective tool for structural health monitoring and
service life assessment to ensure the safety of 6061-T6 aluminum components exposed to

continuous high-temperature environments.

Keywords: 6061-T6 Aluminum Alloy; Two-Step Aging; Precipitation Hardening; Degradation
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Table 1 Chemical composition of 6061-T6 Al-Mg-Si alloy

Composition Si Mg Fe Cu Cr Zn Ti Al
(Wt%)

6061-T6 0.40- 0.80- 0.20 0.15- 0.04- 0.25 0.15 Bal.
(Standard) [3] 0.80 1.20 (max) 0.27 0.35 (max) (max)

6061-T6 0.61 1.03 0.19 0.27 0.08 0.01 0.01 Bal.

(Specimens)

Gage Length: G Diameter: D Radius of Fillet: R Length of Reduced Section: A

50.0 mm = 0.1 125 mm = 0.2 10.0 mm 56.0 mm

Figure 1 Dimensions of the tensile test specimen according to ASTM E8 [28]

NANTTIVBNALDAUITIINA
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Figure 2 Representative specimens after tensile testing
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6061-T6 Frunsuuuduuuiunouisinasastunau Tmaisuammuuﬂuﬂuumawaaﬂumq
100-300 °C  waztianludas 8-24 $alus Wisuilsuivanisuuduneuifion nuindnsnaves
qmmﬁmsﬁmLquﬂ,u‘uumauaaqmmamaammmﬂﬂamu

2.1 ﬁiaqgmwgﬁﬂuLL%qVia'Gwaﬁiaﬂmﬂwﬁummauﬁamma

2.1.1 gaumngil 100 °C wuinfiraanan 8-16 $alus WWurefiaudinenafivguogeeiiios
laeflrunveeun1AIINNITAIUINEYLUYIN 0.84-1.15 nm ntilugiana 2024 Falus
Fraafisuinaniig Peak-Aging 1nedlvu1AUe8UN1AAINNITAIMBEIUYI 1.72-4.31 nm
waznuine 24 $lus SLﬁﬁiWﬂ’J’liJLL%QLLSGﬂi’]ﬂQQE‘j@ﬁ 338.9 MPa LLawhmﬁmL%qLmﬁqqqqmﬁ
354.4 MPa

2.1.2 gaumgil 150 °C wuifien 8 Falus autimenaiintuainnisuuudduduneunsn
ogaTInL3) FediAmuufousenain 330.3 MPa uagAeuLussiegean 339.3 MPa Tasfivun
ﬁuaqaummmmsﬁ’m’smﬁ 0.85 nm antiuludrana 12-24 alug Wudrasuinaning Peak-
Aging Tnedieaudivnenawandlunsai 3 wazdlvuAveseuNIAIINN1TAINEYIUYIN 0.92-5.43
nm waznuITan 24 $alug Wﬂ'wmmLL%aLmﬂs’mqqqﬂﬁ 351.9 MPa WarA1AaLdusInagedn
7l 364.3 MPa

2.2 ﬁiaqgmwgﬁﬂuLL%qVia'qwaGiaﬂm,?%auamw&uaqauﬁ’amqﬂa

221 Wudﬂﬁgmmﬁ 200 °C fidhanan 8 Falus fnauudussasiniiiugy nnsuuuds
%y’umaumﬂﬁ 206.5 MPa \{Ju 242.3 MPa Ifﬂ&Jﬁmmmaqaymﬂmmﬁﬁmamﬁl 0.85 nm mnﬂy’u%
\igrrsmsuaiudg egnsdeiodutisnan 12-24 Hilus lneflvuiaveseyairnnnsdinaeg
Tur29 0.96-6.98 nm

2.2.2 Vi@mmﬁ 250 °C wag 300 °C W‘U’hmwm@qLLuuaaq%y’umauiwthqqmugﬁ%Lﬁfﬂ
ﬂ']il,?iauamwsuaqauﬁﬁwmﬂa 'VﬁE]L‘ﬁ’]ﬁlsﬂl’Nﬂ’]'i'UlﬂJLﬁuﬁuﬁ@ﬂ’]ﬂi’mL%’ﬂu‘d’NL’Jm 8-12 ﬂii"'ﬂm iy
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300 °C %LﬂmmiLaauaﬂTW‘Uaqauummﬂﬂaiumwamhwﬂﬂmnmmmamﬂumﬁw 2 LLau'i‘U'VI 3

Table 2 Mechanical test results

Temperature (°C) / Mechanical Properties (MPa)
100 °C 150 °C 200 °C 250 °C 300 °C
YS TS YS TS YS TS YS TS YS TS

Age (Step)
/Time (hr.)

First 0 206.5 2828 2065 2828 2065 2828 2065 2828 2065 2828
2663 3099 3303 3393 2423 2698 2014 @ 227.1 100.1  146.6

12 3085 3272 3362 3428 2346 2638 1729 2048  96.7 142.2
16 328.1 3419 3476 3523 2271 2618 1621 1864 914 132.9
20 3332 349.7 3488 359.7 2193 2588 1518 1843 824 122.7
24 338.9 3544 3519 3643 2111 2496 1451 1835 785 120.8

Double Age
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Figure 3 Effect of two-step aging time on (a) yield strength and (b) ultimate tensile strength

Time (hr.)

Table 3 Calculated diffusion coefficients at different aging temperatures

Age (Step) / Variables
-1 2
Temperature (°C) T (°K) /T(K) D(m'/s) Ln(D)
First 175 448.15 0.002231 1.79x10"" -43.17
100 373.15 0.002680 8.16x10 ~ -50.86
0] _
> 150 423.15 0.002363 1.73x10 -45.51
< 200 473.15 0.002114 1.21x10"° -41.25
35 _
8 250 523.15 0.001912 5.12x10 3751
300 573.15 0.001745 1.90x10"" -33.90

92



Research Article
Journal of Advanced Development in Engineering and Science

Vol.16 ® No.46 « May - August 2026

Table 4 Calculated precipitate sizes

Temperature (°C)/Precipitate Particles Size (nm) by Equations 2 and 3.

Age (Step)
100°C 150°C 200°C 250°C 300°C

/Time (hr.)
A2 LB A2 LB A2 LB A2 LB A2 L(3)

First 0 0.83 4.36 0.83 4.36 0.83 4.36 0.83 4.36 0.83 4.36

0.84 4.37 0.85 4.37 0.85 4.37 0.86 4.37 0.86 4.37
12 0.89 6.27 0.92 6.69 0.96 7.05 1.01 7.37 1.05 7.65
16 1.15 19.39 1.24 22.75 1.33 25.55 1.44 28.05 1.55 30.34
20 1.72 100.93  1.95 122.61 222 140.71 253 156.88 2.93 171.69
24 4.31 633.28 5.43 77455 6.98 892.48 8.62 997.71 1128 1,093.68

Double Age

3. 8AUTIUNANANTIY

3.1 nalnnsifmeuudausdutag Peak-Aging

MnnsAnwnAdeiiAedes [6-25] ansaagussuanduguil 4 Taseduneianalnnisiiia
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£%

Force danuiranuioulutiliisaneiaznsequliiiniaedeavewmenaunaunligamenagyili

Aemsiulafinenuiuly Swzneundniiintulugasifew Beta” (B") Feidnwasduduaundn
(Needle-Like) ﬂizmaéhashwmLLﬁuLLazaﬁﬂLaualumﬁﬂasqﬁl,ﬁau Tnenznoumaiiamuideules
fulassadrawdnuedlaneiiuergiidongs (High Coherency) Fuvinliifinauidusounznaulads
ﬁﬂﬁmmiaéﬁmmwmim?{auﬁmmﬁaiamﬁul@fa&iNﬁﬂiz?ﬁwﬁquqqmmmalﬂ Dislocation-Cutting
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Figure 4 Kinetic model relating microstructure to degradation behavior in 6061-T6 aluminum alloy
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