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ã Ôàêóëüòåò ïðîôåññèîíàëüíî-òåõíè÷åñêîãî îáðàçîâàíèÿ, Óíèâåðñèòåò Êàðàáóêà, Êàðàáóê,

Òóðöèÿ

Èññëåäîâàíî âëèÿíèå ïðîöåññà ñòàðåíèÿ íà øåðîõîâàòîñòü ïîâåðõíîñòè è ìåõàíè÷åñêèå

ñâîéñòâà àëþìèíèåâûõ ñïëàâîâ AA6061 è AA7075. Ìåõàíè÷åñêèå ñâîéñòâà èññëåäîâàëè ïðè

èñïûòàíèÿõ íà ìèêðîòâåðäîñòü è ðàñòÿæåíèå. Ïîâåðõíîñòü îáðàçöîâ èññëåäîâàëè ñ ïîìî-

ùüþ ðåíòãåíîñòðóêòóðíîãî àíàëèçà. Ïîñëå èñïûòàíèÿ íà ðàñòÿæåíèå ïîâåðõíîñòü ðàçðó-

øåíèÿ èññëåäîâàëè ìåòîäîì ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè. Âëèÿíèå ïðîöåññà ñòàðåíèÿ

íà øåðîõîâàòîñòü ïîâåðõíîñòè èçó÷àëè ñ ïîìîùüþ àòîìíî-ñèëîâîãî ìèêðîñêîïà. Ïîêàçàíî,

÷òî ñ ðîñòîì øåðîõîâàòîñòè ïîâåðõíîñòè óâåëè÷èâàåòñÿ êîëè÷åñòâî âûäåëèâøèõñÿ ôàç.

Êëþ÷åâûå ñëîâà: àëþìèíèåâûå ñïëàâû, àòîìíî-ñèëîâîé ìèêðîñêîï, ìåõàíè÷åñêèå

ñâîéñòâà, ðàñòðîâàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ.

Introduction. Aluminum alloys offering high strength-to-weight ratio, good

formidability and high corrosion resistance are extensively used in various fields such as

the aerospace and automobile industries [1–8]. Magnesium alloys, the lightest of the

structural metals with a two-thirds density of aluminum alloys, have been extensively

explored for practical industrial applications during the past decade [9–11]. The high

strength-to-weight ratio makes utilization of 6xxx series Al alloys favorable for a wide

variety of applications [10–14]. Various structural applications in automobile and aerospace
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industries also constitute one of common usage areas of these alloys [4]. These alloys are

also out of widely-used materials in architectural applications, bicycle frames, transportation

equipment, bridge railings and welded structures. Thus, making estimation related to their

mechanical properties is necessary to assure their safe service. Alloys in the 6xxx series

contain silicon and magnesium approximately in the proportions required for the formation

of magnesium silicide (Mg2Si), which makes them heat-treatable [10]. 7xxx series aluminum

alloys, on the other hand, are zinc- and copper-added alloys. Some other elements such as

magnesium chrome and zirconium may constitute the content of these alloys having a high

strength. Accordingly, in the aerospace sector and other applications requiring a high

strength, they are preferred. The AA7075 (Al–Zn–Mg–Cu) aluminum alloy is one of the

strongest aluminum alloys in industrial use today [14–17]. Its high strength-to weight ratio,

together with its natural aging characteristics, makes it attractive for a certain number of

aircraft structural applications. The alloy owes its strength to precipitation of Mg2Zn and

Al2CuMg phases [18, 19]. Providing high strength and capability to being exposed to the

heat treatment, 2xxx, 6xxx, and 7xxx series alloys are generally used in external structural

parts that are exposed to aerodynamic loads. Heat treatments that are conducted, in order to

increase the strength of aluminum alloys, are composed of three steps: (i) solution

treatment; dissolution of phases (forming the solid solution), (ii) quenching; forming the

supersaturated structure, and (iii) aging; precipitation of dissolved atoms at room temperature

or higher temperatures (precipitation hardening).

This study is focused on the effect of precipitation hardening (aging) treatment on

surface roughness and mechanical properties of 6xxx and 7xxx aluminum alloys. For this

purpose, the atomic force microscope (AFM) was used for measurement of surface

roughness of the specimens which were prepared in accordance with standard metallographic

procedures.

Analysis of the mechanical properties of the specimens was performed via conduction

of hardness and tensile tests. Additionally, ductility properties and fracture behavior of the

specimens fractured due to the tensile test were analyzed by applying a scanning electron

microscope (SEM) to their fracture surfaces.

Experimental Procedure. The commercial AA6061 (T6) and AA7075 (T651) alloy

were used in this study. Dimensions of the sheets were 300 300 2� � mm. Table 1 illustrates

the chemical composition of AA6061 and AA7075 alloys.

AA6061 and AA7075 alloys were cut into 20 mm length at first, and then 15

specimens were obtained. In order to preserve the supersaturated solid solution at room

temperature, all of the specimens of the AA6061 and AA7075 alloys, were exposed to

solution heat treatment at 525 and 480�C for 4 h followed by quenching in water at room

temperature. After solution heat treatment, all of the specimens of the AA6061 and

AA7075 alloys were kept in a freezer, which was very crucial to avoid the natural aging of

the alloy at room temperature. Afterwards, the specimens of the AA6061 alloy were

artificially age-hardened at 140–185–220�C for 1, 4, 10, 14, and 24 h periods of time in a

furnace and subsequently cooled in air. The AA7075 alloy specimens were artificially

age-hardened at 120–155–185�C for 1, 4, 10, 14, and 24 h periods of time in a furnace and

subsequently cooled in air (Table 2).
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T a b l e 1

Chemical Composition of the Materials Used in the Experiments

Material Si Zn Mg Cu Fe Ni Mn Cr V Al

AA6061 0.61 0.081 0.92 0.25 0.20 0.001 0.07 0.097 0.016 97.7

AA7075 0.09 5.620 2.12 1.78 0.28 0.001 0.08 0.190 0.044 89.8



The hardness values were measured using a Micro Vickers Hardness Testing Machine

with a 200 g load. the mean value of four hardness readings performed per specimen was

calculated.

In order to determine the tensile shear load bearing capacity (TLBC) of aged

materials, one set of three test specimens was prepared according to the standards. The

TLBC of welded materials was determined by using microprocessor controlled universal

testing machine. After tensile tests, the fracture surfaces were analyzed by the SEM.

Furthermore, in order to analyze the effect of aging treatment on surface properties,

AFM was used. Surface properties of Al alloys exposed to the aging treatment had been

investigated with the AFM. Analysis of residues on the surface via the light microscope

was used to provide three-dimensional determination. In the analysis conducted with AFM,

the specimens were etched in an etching solution (2.5 ml HNO3, 1.5 ml HCl, 1 ml HF, and

95 ml distilled water) then exposed to standard metallographic procedures. Specimens were

polished by means of a polishing machine by using a 1 �m grade felt. The surfaces

obtained under these conditions were analyzed with the AFM.

Results and Discussion. The results of this study, the AA6061 and AA7075 alloys

were solution-treated at two different temperatures of 480 and 520�C. After this process,

the specimens were aged at three different temperatures (AA6061: 140, 180, and 220�C and

AA7075: 120, 155, and 185�C) for five different periods of time (1, 4, 10, 14, and 24 h) as

seen in Table 2.

X-ray Diffraction Study. The results of X-ray diffraction (XRD) analysis of the

original and aged specimens are given in Fig. 1. The aging process resulted in two different

intermetallics for AA6061 and AA7075 were determined. Cu3Zn, Al0.403Zn0.597Al0.58

Mg0.42 for AA6061 specimens and Cu3Zn, Al0.403Zn0.597, and Al0.58Mg0.42 for

AA7075 specimens were observed.

Atomic Force Microscopy Study. The graphs plotted as a result of the analysis

conducted with the AFM are presented in Fig. 2. In order to analyze the effect of the aging

treatment on surface roughness, the specimens were exposed to standard metallographic

procedures for equal periods. Surfaces of materials are worn with harder materials.

Intermetallic phase is a hard and brittle phase, the abrasives used in preparing metallographic

surfaces could wear Al grains more easily. The principle of obtaining a hard secondary

phase by means of heat treatment is based on the aging treatment. As stated in literature

studies, hard secondary phases occurring in the experiments are Mg2Si phase for AA6061

and Mg2Zn and Al2CuMg intermetallic phases for AA7075[10, 18–20]. Accordingly, as the
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T a b l e 2

The Aging Parameters of Materials Used in the Experiments

Material Taking solution Giving water Aging thermal

process (�C)

Aging time (h)

AA6061 520�C/2 h Room

temperature

(20�C)

140

180

220

1

4

10

14

24

AA7075 480�C/2 h

120

155

185

1

4

10

14

24



intermetallic phases increase in the structure, occurrence of rougher surfaces is an expected

result. Images obtained with the AFM demonstrate that the specimen of AA6061 aged at

185�C for 14 h and the specimen of AA7075 aged at 150�C for 14 h have the highest

roughness. As for the original specimens, they exhibited the lowest levels of roughness.

The surface roughness of the overaged specimen was higher than that of original

specimen and lower than that of two alloy specimens exposed to the aging treatment. The

AFM images obtained within the scope of the explanations complied with the tensile and

microhardness tests. Figure 3 below illustrates the AFM analysis carried out on the surfaces

of the specimens processed by aging and overaging treatment in the AA7075 alloy.

Figure 3 illustrates the AFM images, which show that aged and overaged specimens’

phases have a homogeneous distribution. Grain size of the aging specimen is smaller than

the overaged specimen. The AFM image confirms that the grain size increases after the

overaging treatment.

Microhardness. Depending on temperature and time, the hardness values of the

specimens aged at three different temperatures (AA6061 alloy: 140, 185, and 220�C and

AA7075 alloy: 120, 155, and 185�C) for five different periods of time (1, 4, 10, 14, and

24 h) are illustrated in Fig. 4. Significant increases in hardness values of the specimens

depending on aging temperature and time were observed. The highest hardness value for

the AA6061 alloy was obtained with the aging treatment conducted at 185�C for 14 h as

104 HV value. The hardness value of the AA6061 alloy before applying any heat treatment

was measured as 38 HV. In the AA6061 alloy, Mg2Si intermetallic compounds provide

increased precipitation strengthening [10, 18, 20]. These intermetallic precipitates are

incoherent with the main structure, and affect mechanical and physical properties of the

material. In this process, the second phase is precipitated within the matrix phase.

Precipitation of a new precipitate due to period and temperature from supersaturated solid

solution resulted in an increase in the hardness and strength values.
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Fig. 1. The XRD analysis of the original and aged speñimens.



As for the AA7075 alloy, the highest hardness value was obtained at the aging

treatment conducted at 150�C for 14 h as 210 HV value. As stated in the literature, the

reason behind the increase in hardness value of the AA7075 alloy is the Mg2Zn and

Al2CuMg intermetallics, which are the hard secondary phases [19].

In conclusion to the study carried out on an AA6061 specimen, Demir [11] reported

the hardness value as 56 HV. At the end of an aging process carried out at 185�C for 14 h, it

was reported that the hardness value increased to 106 HV. Maamar [21] reported that the

hardness value for the AA7075 alloy increased from 145 to 185 HV after applying the

aging treatment. By comparing these results with other studies, it becomes obvious that the

aging treatment is successful.

Tensile Test. Figure 5 illustrates the tensile test graphs depending on temperature and

time of aging. The tensile strength values were observed to increase at a certain point for

both of the specimens with the aging time and temperature. While the tensile strength of the

AA6061 original specimen was about 2.1 MPa, it increased to about 4.5 MPa as a result of

the aging treatment. The aging treatment process increases the tensile strength. Analysis of

% elongation values shows that there is a decrease in the AA6061 alloy. This result
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Fig. 2. The analysis of the aging treatment effect on surface roughness with the AFM image.



indicates that the strength development was achieved without having a decrease in ductility

with the aging treatment. The aging process does not affect the ductility.

Tensile strength of the AA7075 specimen, increase from 8.5 to 9.18 MPa as a

consequence of the aging treatment. As for the AA7075 specimen, the elongation values

exhibited a decrease.

Fracture. Figure 6 shows the SEM images of the fractured surface taken from the

fractured tensile test specimen. When the SEM images of the fractured surfaces were

analyzed, the AA6061 original specimen exhibits a ductile fracture. The ductile dimples

and network structures were determined to be dominant in the images. Examination of the

fractured surface images of the aged specimens, the ductile dimples were determined to

form at lower amounts. The SEM images of the fractured surfaces matched with the

obtained tensile graphs.

As for the AA7075 specimen, a more brittle fracture was determined. It was also

established from the SEM images that the AA7075 specimen exhibited more brittle fracture

than the AA6061 specimen. The reason behind this was associated with the fact that while

Fig. 3. Surface images of aged and overaged specimens of AA7075 taken the AFM.
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the AA6061 specimen is a medium-strength Al alloy, the AA7075 specimen is a high-

strength alloy.

Conclusions. In this study, commercial AA6061 and AA7075 alloys were aged, and

the effect of aging time and temperature on mechanical and surface properties was

determined. The following conclusions were drawn from the study:

It was determined that the AA7075 alloys have higher hardness values than the

AA6061 alloys. At the end of the aging treatment it is observed that hardness of the

AA7075 and AA6061 alloy increase to 190 and 104 HV hardness values, respectively.

In the aging treatments conducted in the study, it was obtained that the highest tensile

strength was at 180�C for 14 h for the AA6061 alloy, whereas it was at 155�C for 14 h for

the AA7075 alloy. The tensile strength increased about 3 times in the AA6061 alloy. This

result proved that the aging treatment is successful.

As a result of the AFM analysis, the surface roughness of the as-received AA6061

and AA7075 alloys were determined to have the lowest value. On the other hand, the aging

treatment was determined to increase the roughness. As for the overaged specimen, the

roughness was determined to be higher than that of the aged specimen.

The Effect of Aging Treatment ...
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Fig. 4. Hardness measurements for various aging conditions.

Fig. 5. The tensile test graphs of the specimens aged at various periods of time and temperatures.



1. From the SEM images of the fractured surfaces, it was revealed that the as-received

AA6061 alloy had ductile fracture, the dimples decreased in some parts of the specimen

exposed to the aging treatment, and partly a brittle fracture occurred. The fracture behavior

of the as-received AA7075 sample was determined to be more brittle than that of the

as-received AA6061 alloy.

2. Aging and overaging specimens’ phases have a homogeneous distribution.

3. Grain size of the aged specimen is smaller than that of overaged one.

4. The grain size increases after the overaging treatment.

5. For AA6061 alloy aging treatment process increases the tensile strength.

6. For AA7075 alloy aging treatment process does not affect the ductility.

Ð å ç þ ì å

Äîñë³äæåíî âïëèâ ïðîöåñó ñòàð³ííÿ íà øîðñòê³ñòü ïîâåðõí³ ³ ìåõàí³÷í³ âëàñòèâîñò³

àëþì³í³ºâèõ ñïëàâ³â ÀÀ6061 òà ÀÀ7075. Ìåõàí³÷í³ âëàñòèâîñò³ äîñë³äæóâàëè ïðè

âèïðîáóâàííÿõ íà ì³êðîòâåðä³ñòü ³ ðîçòÿã. Ïîâåðõíþ çðàçê³â äîñë³äæóâàëè çà äîïî-

ìîãîþ ðåíòãåíîñòðóêòóðíîãî àíàë³çó. Ï³ñëÿ âèïðîáóâàíü íà ðîçòÿã ïîâåðõíþ ðóéíó-

âàííÿ äîñë³äæóâàëè ìåòîäîì ðàñòðîâî¿ åëåêòðîííî¿ ì³êðîñêîï³¿. Âïëèâ ïðîöåñó

ñòàð³ííÿ íà øîðñòê³ñòü ïîâåðõí³ âèâ÷àëè çà äîïîìîãîþ àòîìíî-ñèëîâîãî ì³êðîñêîïà.

Ïîêàçàíî, ùî ç ðîñòîì øîðñòêîñò³ ïîâåðõí³ çá³ëüøóºòüñÿ ê³ëüê³ñòü âèä³ëåíèõ ôàç.
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