
49© Copyright by International OCSCO World Press. All rights reserved. 2020 Technical paper 49

of Achievements in Materials
and Manufacturing Engineering

International Scientific Journal 

published monthly by the 

World Academy of Materials 

and Manufacturing Engineering

Volume 98 • Issue 2 • February 2020DOI: 10.5604/01.3001.0014.1480

The effects of artificial-aging temperature 
on tensile strength, hardness, micro-
structure, and fault morphology in AlSiMg

Andoko *, Yanuar, P. Puspitasari, T.B. Ariestoni
Mechanical Engineering Department, Engineering Faculty, State University of Malang, 

Semarang street No. 5, Malang, East Java, 65142, Indonesia 

*  Corresponding e-mail address: andoko.ft@um.ac.id

ORCID identifier: https://orcid.org/0000-0003-1923-2445 (A.)

ABSTRACT

Purpose: This research examined the effects of artificial-aging temperature and time on 
tensile strength, hardness, microstructure, and fault morphology in AlSiMg.

Design/methodology/approach: This research was conducted using aluminium alloy at 
120°C, 150°C, and 180°C artificial-aging temperature and 6 hours holding time. The tensile 
test used ASTM B211-03 standard and hardness test adapted to ALCOA 6061 standard.

Findings: Tensile test results indicated the highest tenacity on aluminium alloy at a 150ºC 
temperature that was 47.263% strain level. In addition to the strain level, this research also 
obtained the highest tensile strength level at 180ºC that was 62.267 kgf/mm2 and the highest 
hardness value that was 110 HV. The increase in tensile strength and hardness at 180°C 
was caused by the increase in Mg, Si, and Al. Based on the microstructure test, the highest 
tenacity was obtained at 150°C temperature as the result of closed and gathered Mg2Si 
precipitates; while at 180°C temperature, the precipitates appeared to be more distributed, 
causing a rise in hardness value and tensile strength. AlSiMg tenacity also exhibited from 
the number of dimples compared to cleavages at 150°C temperature.

Research limitations/implications: The limitation that found in this research was 
conducted using AlSiMg aluminium Al6061 specimen with an artificial-aging treatment at 
120ºC, 150°C, and 180°C temperature for 6 hours and then compared to the raw material. 
AlSiMg tensile specimen was made according to ASTM E8-E8M standard.

Practical implications: This research can be applied in industrial manufacture process to 
find tensile strength, hardness, microstructure, and fault morphology of Al6061 alloy.

Originality/value: According to research result, can be understood that by conducting 
these experiments, Artificial-aging treatment temperature variations in AlSiMg aluminium 
alloy could increase hardness.
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1. Introduction 
 

Aluminium was discovered by Sir Humphrey Davy in 

1809 as an element and reduced as a metallic substance by 

H.C. Oersted in 1825. It was then used industrially in 1886 

[1]. Aluminium has a different nature compared to non-

ferrous metals. Aluminium often used in the engineering 

area because of its unique and interesting natures, such as 

easy to work on, lightweight, good corrosion resistance, 

good electrical and thermal conductivity [2]. Aluminium has 

many uses, but it is often alloyed with other metals to 

achieve a harder, stronger, and rust-resistance alloy [3]. 

Aluminium mixed with iron, chromium, magnesium, 

silicon, manganese, copper, and zinc alloys have different 

effects [4]. One Alloy with a good characteristic of nature is 

AlSiMg aluminium alloy. Al-Si-Mg alloy generally has a 

high hardness response age [1,5]. This alloy could be heated 

and cut, weld, and has a good corrosion resistance [6]. This 

alloy can have T4 (natural aging) and T6 (artificial-aging) 

thermal treatment [7]. Before T6 or artificial-aging process 

was conducted, the material has to be given a solution heat 

treatment. 

The first step of age hardening process is solution heat 

treatment or heat solvent treatment. Solution heat treatment 

of aluminium alloy is conducted in furnace at temperature of 

550°C-560°C and holding it according to the type and size 

of work-piece [8]. In this step, the phases are dissolved into 

a solid solution. The purpose of solution heat treatment is to 

get a near homogenous solid solution [9]. Al-Si-Mg is 

treated with solution treatment at 540°C for 10 minutes and 

after a few hours will resulted in 90% ultimate tensile 

strength. Adding up to 30 minutes into solution treatment 

holding is enough for microstructure to get a 90% elongation 

value [10]. 

Quenching treatment is given after the solution heat 

treatment. Quenching is conducted by cooling the heated 

metal in a cooling medium [9]. Age hardening process is an 

aging process conducted to observe the change of material 

properties that happened during the aging process. One that 

is often used in aging processes is artificial-aging. Artificial-

aging is an aging treatment by heating aluminium. Artificial-

aging is conducted at a 100°C-200°C temperature and 

holding time one to 24 hours [8]. 

The previous researches stated that the highest 

concentration of mass deposition type Cu and Mg could be 

observed after 7 hours of the aging process at 170°C 

temperature [11]. Artificial-aging treatment with a tempera-

ture between 100°C-200°C would affect the degree of 

hardness because there would be changes in phase or 

structure during the process [12]. Mechanical properties test 

is conducted with breaking strength testers such as the 

tensile strength test and hardness test. The tensile test is 

conducted to get the tenacity value and UTS. Tensile testing 

is used to determine the stretch limit, tensile strength, 

extension, and broad reduction [13]. The specimen for 

tensile strength test is formed according to the ASTM E8-

E8M standard. Hardness strength test is intended to get the 

hardness value from test object [14]. It indicates that the 

artificial-aging process could increase the aluminium alloy 

hardness. 

Microstructure test is conducted to observe the structure 

form of metal material that previously experienced the 

solution heat treatment such as hardening, quenching, 

normalising, work-hardening, welding, etc. [15]. In the 

microstructural test, the material is rubbed using sandpaper 

and then etched. The purpose of etching is to make the metal 

structure or alloy characteristic clearer [16]. Fault 

morphology test is conducted to observe the resulting 

fracture forms after the specimen was given the break 

strength test. EDX or energy dispersive x-ray test is used to 

observe which element affects the mechanical nature of test 

object.  

 

2. Methodology 
 

The chemical composition (Tab. 1) shows the result of 

EDX test of elemental compositions showing that Al-Si alloys 

use Na-Bentonite combined with Portland cement and Ca-

Bentonite mixed with Portland cement.That chemical 

composition of Al-Si alloy is used in this paper [1]. 

 

Table 1. 

Chemical Composition of Al-Si alloy 

  Al Si O Mg Fe 

Na-Bentonite 74.95% 21.73% 1.57% 0.97% 0.78% 

Ca-Bentonite 80.57% 15.82% 1.76% 0.92% 0.93% 

 

This experimental research was conducted using AlSiMg 

aluminium alloy specimen with an artificial-aging treatment 

at 120°C, 150°C, and 180°C temperature for 6 hours and 

then compared to the raw material. AlSiMg tensile specimen 

was made according to ASTM E8-E8M standard.  

This research was conducted by giving solution treatment 

at 530°C temperature with 30 minutes holding time in the 

heating furnace. Then, it was given quenching treatment to 

lower the specimen’s temperature after solution treatment. 

The specimen, then, was heated again using artificial-aging 

at 120°C, 150°C, and 180°C temperature for 6 hours. After 6 

hours, it was cooled down slowly in the furnace at room 

temperature. After artificial-aging, the specimen was given 

tensile strength and hardness test. Fracture from tensile test 

then was tested with a microstructural test using an optical 

lens tool and SEM fault morphology. After the 

microstructural test and fault morphology, the specimen was 

tested with SEM EDX to observe the element that affected 

mechanical nature changes. 

1.  Introduction

2.  Methodology
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3. Results and discussion 
 

3.1 Tensile test results  
 

In Figure 1, the strain values from aluminium alloy 

AlSiMg with artificial-aging on 120 , 150 , and 180  

temperature varieties exhibited up and down results as 

shown in the diagram. Compared with the raw material 

specimen that has 45.917% value, the highest value was on 

an aluminium alloy with 150  temperature that was 

47.263%. But at 120  and 180  temperature, the strain 

was decreased to 40.867% and 44.07%. In this case, AlSiMg 

with artificial-aging at 150  temperature has the highest 

tenacity compared to other specimens. Tenacity measurement 

is a strain technique while breaking or reducing the section 

while breaking. The higher the strain, the higher the 

specimen tenacity is [17]. 

 

 
 

Fig. 1. Graphic of strain and UTS AlSiMg values with 

artificial-aging temperature variation 

 

The ultimate tensile strength after artificial-aging 

temperature variation treatment resulted in the highest value 

that belonged to the raw material that was 73.688 kgf/mm2. 

At 120  temperature, the tensile strength decreased to 

48.056 kgf/mm2. At 150  temperature, the tensile strength 

decreased to 47.787 kgf/mm2. But, at 180 , the tensile 

strength increased quite high, although still below the raw 

material, into 62.267 kgf/mm2. The tensile strength value 

obtained after solution treatment and artificial-aging 

exhibited the value that was bigger than the ASTM B211-03 

standard. The increase in strain value at 150  was caused 

by Mg2Si dissolving into Al matrix, and Si phase changed 

from plate shape to round shape that escalating the tenacity 

of the alloy during solution treatment. Whereas the increase 

in tensile strength occurred during artificial-aging, where the 

alloy on solution treatment gradually comes out and forms 

precipitates that could escalate the alloy strength. 

The raw material value that was used as a comparison in 

tensile strength to other specimens showed that specimen 

with an artificial-aging treatment at 180  had the highest 

tensile strength. The mechanical changes of nature towards 

AlSiMg alloy with artificial-aging indicated that aging 

temperature variation could increase the tensile strength in 

matrix Al – 7.14% Si – 1% Mg [14]. 
 

3.2 Hardness test results 
 

Hardness test result obtained from AlSiMg aluminium 

alloy with artificial-aging temperature at 180  has the 

highest hardness level that was 110.9HV but has a 

decreasing tenacity level of 44.07%. Artificial-aging with 

150  expressed the best result; this observed from the 

increased in hardness level compared to the raw material that 

was 99.45HV and higher tenacity level compared to 

artificial-aging at 120 , 180 , and raw material, that was 

47.263%. According to ALCOA alloy 6061 standard, the 

standard for hardness test result is 95HB or 104HV [18]. 

With artificial-aging process at 180  temperature for  

6 hours was obtained 100.9HV in value, it exhibited an 

escalation in hardness value.  
The hardness value of AlSiMg alloy was increasing 

because atoms precipitate Mg or Si in the matrix (Al). Mg or 

Si atoms after artificial-aging would be inclined to position 

themselves towards the solvent atom resulted in coherence 

[19]. The above explanation explained that artificial-aging 

could increase the hardness of aluminium alloy [14]. 

 

3.3 Fault morphology tensile test results 
 

Figures 2-5 shows the result of fault morphology test on 

aluminium alloy AlSiMg specimen with artificial-aging at 

120 , 150 , and 180 , and raw material for 6 hours is a 

tenacious fault. This can be observed from the many 

amounts of dimples on fault morphology test result and little 

of cleavages [20]. Ductile fracture is shown with the number 

of dimples in microstructure result in the fault area. In 

addition to dimples, the fractured form also has cones and 

cups that proved it is a tenacious fault [21]. The form of 

tenacity on tensile test fracture can be observed by the cup 

and cone, which signed that the fault began in the middle 

then developed to the outside. 

The highest ductile fault occurred in the aluminium alloy 

with artificial-aging at 150  for 6 hours. Showed from 

Figure 4, the number of dimples dominated the fault 

morphology result. The previous statement corresponded 

with the tensile testing result that stated that 150  

temperature has a high tenacity indicated by strain value of 

47.263%. 

 

3.4 Microstructural test results 
 

The microstructural test was conducted by rubbing the 

AlSiMg aluminium alloy specimen with sandpaper from  
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Fig. 2. Fault morphology tensile test result on raw material specimen 

 

 
 

Fig. 3. Fault morphology tensile test result on AlSiMg alloy artificial-aging at 120  temperature 

 

 
 

Fig 4. Fault morphology tensile test result on AlSiMg alloy artificial-aging at 150  temperature 

 

 
 

Fig. 5. Fault morphology tensile testing result on AlSiMg alloy artificial-aging at 180  temperature 
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Fig. 6. Microstructure of AlSiMg in artificial-aging temperature (A) raw material, (B) 120 , (C) 150 , and (D) 180  with 

1391 magnitude 

 

rough to a fine size. The sanding was focused on the last 

sanding using fine sandpaper so that the microstructural 

result was visible. After sanding, specimen then etched using 

allergen etching (HnO3+Hf+H2O) to help bring up the 

microstructure of AlSiMg aluminium alloy specimen of raw 

material and specimens that have been given artificial-aging 

treatment with 6 hours holding at various temperature. 

The microstructural test results for AlSiMg aluminium 

alloy can be observed in the Figure 6. 

Based on Figure 6, the precipitate ( ) can be observed in 

dark colors while matrix  – Al on bright colors. Precipitate 

in AlSiMg aluminum alloy is Mg2Si as the previous research 

explained that Mg2Si compound behaved as pure component 

and made a balance in a pseudo binary system with Al. As a 

practical alloy, it could be obtained as 5053, 6063, and 6061 

alloy [15]. On microstructure test results, more precipitate 

means an increase in mechanical nature from the tested 

specimen; in accordance with the previous research that 

more formed precipitate equals to the rise of specimen’s 

mechanic nature [22]. An even spread of precipitate could 

escalate the hardness and tensile strength [23].  
In Figure 6, part (A) is a picture of the raw material 

microstructure that was used as a comparison for tensile 

strength value. In part B, precipitate still looks tenuous and 

uneven that caused a decreasing in tensile strength, tenacity, 

and hardness of artificial-aging at 120  temperature. In part 

C, there are more precipitates but still close together that 

caused at 150  tenacity and hardness increased more than 

raw material and existing standard, but the tensile strength is 

decreasing caused by uneven precipitate. In part D, there 

were more precipitates, but in part D, they spread evenly that 

caused the increase in hardness and tensile strength but 

decreasing in tenacity in AlSiMg aluminium alloy with an 

artificial-aging treatment at 180  temperature. 

 

3.5 EDX test results 
 

EDX test was used to observe the elements both in the 

specimen with treatment and raw material. The average 

result of EDX on AlSiMg aluminium alloy can be seen in 

Figure 7. 

 

 
 

Fig. 7. Graphic of average Atomic Percent (At.%) AlSiMg 

with artificial-aging temperature variations 

 

Figure 7 shows the EDX results for AlSiMg aluminium 

alloy specimen with an artificial-aging treatment at 120 , 

150 , and 180 . The raw material has Al  85.69%,  

3.5.  EDX test results
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O  1.35%, Mg  1.34%, and Si  0.49% values. These data 

used as references for other specimens. At 120 , Al  

85.25%, O  1.29%, Mg  1.32%, and Si  0.26% was 

obtained. At 120 , Al, O, Mg, and Si experienced a 

decrease. At 150 , Al  84.38%, O  1.59%, Mg  1.35%, 

and Si  0.44% was obtained. At this temperature, Al value 

decreased while other elements increased; but the 

increasingly Si value at this temperature was not as high as 

the raw material. At 180 , Al  86.52%, O  1.5%,  

Mg  1.43%, and Si 0.38%. At this temperature, Al and Mg 

got the highest value compared to other treatments. O level 

decreased compared to 150  treatment, but still higher 

compared to other treatments. Meanwhile, Si value 

decreased, compared to 150  temperature. 

Standard used to the composition test, or EDX, is ASTM 

B211-03 standard that stated the standard for Si  0.4-0.8%, 

Mg  0.8-1.2%, and Al adjusts. From the EDX test result, it 

can be seen that the Mg value was not according to a 

standard that is 1.34% for raw material [24]. Mg and Si 

elements in the aluminium caused an increase in AlSiMg 

aluminium alloy yield strength. This occurrence is consistent 

with the previous research that stated that the additional 

number of magnesium and silicone would increase the yield 

strength [25]. The addition of silicone and magnesium 

compositions will form a Mg2Si phase in aluminium matrix 

grain, where it would increase the strength [26]. Other than 

increasing the strength, Mg element also functioned to 

increase the hardness. In Figure 7, Mg element is the highest 

at artificial-aging at 180  temperature with 1.43% value.  

It fits the hardness test where the highest hardness value 

occurred at AlSiMg aluminium alloy material with an 

artificial-aging treatment at 180  that is 100.9HV. This 

also fits previous research that magnesium is an element that 

could increase strength and hardness on heat-treated Al-Si 

alloy [27]. The escalation of magnesium content and SiC 

booster could increase the strength of the composite piston 

and optimised the interface bond [28]. 

 
 

4. Conclusions 
 

1. Artificial-aging treatment temperature variations in 

AlSiMg aluminium alloy could increase hardness. 

2. Fault morphology test results show that the fault from the 

tensile test is a tenacious fault, as observed from the 

cone, cup, sheerlips, and dimple. 

3. There are precipitates in AlSiMg aluminium alloy with 

artificial-aging treatment temperature variation that 

caused the specimen’s change of mechanical nature. Si 

and Mg element on Al caused an escalation on the test 

specimen’s hardness value. 
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