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In this study, the effect of the aging time on microstructure and mechanical
properties of the AAT075 alloy after T6 heat treatment is investigated. The
AAT075 alloys are quenched after solid solution treatment at 485°C for 2
hours and artificially aged at 120°C using five different aging times. Hardness
measurements, microstructure examinations (SEM + EDS, XRD), and tensile
tests are performed for the aged alloys. Fractured surfaces are also examined
using SEM images after the tensile testing. The results of the studies conduct-
ed show that the hardness value of the alloys can be increased by increasing ag-
ing time, and the maximum hardness value of 192 HV is obtained for the alloy
aged for 25 hours. Tensile tests also show that the tensile strength of the alloy
can be increased by increasing aging time, and the maximum tensile strength
value of 580 MPa is obtained for the alloy aged for 25 hours. Fractured surface
examinations revealed that the ductile fracture mechanism is mostly domi-
nant, while the planar fracture mechanism is observed as well.
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Y po6oTi mocai:KeHo BILIWB TPUBAJIOCTI CTapiHHA HA MiKPOCTPYKTYPY Ta Me-
xaHiyHi BJyactuBocTi cmiaBy AAT075 micia rtepmoobpodoxu T6. Cmoiasu
AAT075 saraproByBanucs miciasa oOpoOJieHHA TBepmoro pos3umHy npu 485°C
IpoTAroM 2 TOAUWH i IITYYHO ImiAZaBalNCh cTapiHHIO npu TeMmieparypi 120°C
MIPOTArOM IT’ AT Pi3HMUX 34 TPUBAJICTIO IIPOIleciB crapinusa. MipAaHHA TBepIOC-
Ti, MikpocTpyKTypHi gocaimxenusa (CEM + EIIC, perTreHniBchbKa qudpaxitisa) ra
BUIIPOOYBaHHSA HA PO3TATAHHS IPOBOAUINCS AJIA MiAJaHNX CTAPiHHIO CIJIaBaX.
3JIaMH1 IIOBEPXOHBb TAKOMK MOCIIIMKYBaIN 3 BUKOPUCTAHHAM 300paskenb CEM
micJss BUIIPOoOYBAHHS HA PO3TATaHHA. Pe3yabTaTu IPoBeIeHNX AOCTiIKeHb CBi-
IYaTh, 110 TBEP/IiCTh CILJIaBiB MOXKe OyTHU HigBUIIEeHA 3aBAAKY 30iIbIIIEHHIO UaCy
cTapiHHd, a AJ CILIABY, IIT0 BUTPUMYBABCA IIPOTATOM 25 TOIUH, OTPUMAHO Ma-
KcuMaJibHe 3HaueHHsS TBepaocTti y 192 HV. BunpoOyBaHHS Ha pO3TATAHHS Ta-
KOJK IMOKa3aJu, 110 MiI[HiCThL HAa PO3PUB CILIABY MOKe OyTH IIiIBUIN€HA 3aBAAKMI
30iJIBIIIEHHIO TPUBAJIOCTI CTAPiHHS, a MaKCHUMaJIbHe 3HAUeHHSA MIiITHOCTi Ha PO3-
pus y 580 MIla orpumaHO A CILIaBY, IO IIiAAaBaBCsA CTAPiHHIO IPOTATOM 25
roguH. JlocaigsKeHHs 3JaMiB IIOBEPXHI BUABUJIO, III0 MEXAHIi3M IIJIACTUYHOIO
pyiHYBaHHA OyB IIepeBaskKHO IHOMiHYIOUMM, HIPHU IILOMY CIIOCTEpiraBcs TaKOMK
IJIOIIIMHHWYA MeXaHi3M pyHHYyBaHHA.

Karouosi cioBa: crimraB AA7075, yac crapinHsa, MiKPOCTPYKTypa, MexaHiuui
BJIACTUBOCTI, MiITHiCTH Ha PO3PUB.

B pabore ucciaenoBaHo BAUSAHNE BpEMEeHU CTapPeHUSI HA MUKPOCTPYKTYPY U Me-
xaHnuyeckue cBoiicTBa citaBa AAT075 mocie Tepmuueckoir obpaborku T6.
CmtaBel AAT075 3akansanuchk mocje o6paboTKu TBEpPAOTO pacTBopa npu 485°C
B TeUeHUe 2 YacOB M MCKYCCTBEHHO MOAMABAINCH CTAPEHUIO IIPU TEMIIEpAType
120°C B TeueHMEe NATU PA3JUUYHBIX IO IIPOJOJIKUTEIBHOCTH IPOIECCOB CTape-
Hus. VIaMepeHUs TBEPIOCTH, MUKPOCTPYKTYpPHBIe ucciaenopauusd (COM + IIC,
peHTreHoBCcKas AUGMPAKINA) ¥ UCIBITAHUS Ha PACTSIKeHUe MPOBOIUINCEH AJIs
COCTapeHHBIX CIIJIaBOB. M3JI0MBI ITOBEPXHOCTEH TaKKe MCCIeN0BAIU C UCIOb-
sopanueM COM-us3obpakeHUil MocJie NCIBITAHUA Ha pacTAKeHne. Pe3yIbTaThl
MIPOBENEHHBIX MHCCJIEeTOBAHUUN ITOKA3LIBAIOT, YTO TBEPIAOCTH CILIABOB MOKET
OBITH TIOBBINIIEHA IYTEM yBEJWYEHUWS BPEMEHM CTAapeHHWA, a MaKCHUMAJbHOE
3HaueHue TBEépHocTH B 192 HV mosryueHo ajs ciiaBa, BBIIEP:KAHHOTO B TeUe-
Hue 25 yacoB. McnblTaHuA Ha pacTAXKeHIe TaKiKe IMOKasaJld, UTO IPOUYHOCTh
CILJIaBa HA Pa3pbIB MOJKET OBITh yBeJIWUYeHA IYTEM yBeJIWUYEeHUsS BPeMeHHU CTa-
pPeHusd, 1 MaKCUMaJIbHOE 3HaueHre IIPOYHOCTHU Ha paspsiB B 580 MIla mosyue-
HO IJIs CIIJIaBa, BBIAEPIKAHHOTO B TeueHue 25 yacoB. VcciemoBaHue M3JI0OMOB
IIOBEPXHOCTU ITOKA3aJ0, YTO MEXaHU3M ILJIACTUUYECKOr0 DPaspylleHus ObLI B
OCHOBHOM JOMWHUDYIOITUM, IIPKA 9TOM TaKiKe HaOJI0OJaICcad MeXaHW3M IIJIOC-
KOCTHOTO PaspyIleHusd.

Karouessie caoBa: cuyias AAT075, Bpemd cTapeHusa, MUKPOCTPYKTypa, MeXa-
HUYEeCKIe CBOMCTBA, IPOYHOCTD HA PA3PbIB.

(Received October 5,2018)

1.INTRODUCTION

Aluminium and its alloys are commonly used in various industries



EFFECT OF AGING TIME ON MICROSTRUCTURE AND PROPERTIES OF ALLOY 819

such as aerospace, defence, automotive and aviation industries due to
their high strength, good corrosion resistance, low density and light-
weight [1, 2]. Moreover, the use of these alloys is of great importance
especially in industries where weight matters [3]. The most significant
advantage of the 7xxx series alloys, which are widely used in applica-
tions requiring high strength, is the ability to improve their mechani-
cal properties using aging treatments [4, 5]. For the Txxx series alloys,
the highest strength is obtained using the T6 heat treatment [6]. Sec-
ond phase precipitation systems in the 7xxx series alloys were analysed
in many studies and emphasized that precipitation, supersaturated
solid solution, GP zones, metastable n'-phase, and stable n-phase oc-
curred in the structure [7, 8]. The first step of the T6 heat treatment
for the 7Txxx series alloys is the solution treatment. The purpose of this
step is to solubilise structures formed during the hardening of the al-
loy. In the second step, the alloy is rapidly cooled, and the supersatu-
rated solid solution is obtained. In the last step, the aging treatment is
applied at certain temperatures and times to ensure precipitate for-
mation. Thus, the strength is improved thanks to second phase precipi-
tates formed in the structure as a result of aging. The distribution and
size of precipitates formed in the structure as a result of aging depend
on the heat treatment parameters. For this reason, it is important to
determine the most appropriate parameters for the heat treatment.
These parameters have an important role in achieving desired mechani-
cal properties. The aging temperature used during the aging process af-
ter the solution treatment has a particular importance in formation of
second phase precipitates. The aging temperature is a parameter which
directly affects the size of precipitates formed in the structure of the
alloy. The aging treatment improves the mechanical properties of the
alloy. The metastable n’-phase in the structure turns into stable n-phase,
which results in improved mechanical properties [9].

Therefore, this study aims to investigate the effect of the aging time
on microstructure, hardness, and tensile strength of the AA7075 alloy
aged using five different aging times following solid solution treat-
ment at 485°C for 2 hours.

2. MATERIALS AND METHOD

Table 1 shows the chemical composition of the alloy used in the experi-
mental studies. The AA7075 alloys were quenched after solid solution
treatment at 485°C for 2 hours. The quenched samples were artificially
aged at 120°C using five different aging times (15 hours, 20 hours, 25
hours, 30 hours, and 35 hours). The hardness measurement of the alloys
was conducted using an Affri hardness measurement device and meas-
urements were taken at five different regions. The alloys prepared by
standard metallographic procedures were etched using 2 ml HF, 3 ml
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TABLE 1. The chemical composition of the AA7075 alloy used in the experi-
mental studies.

Element Zn | Mg ‘ Cu | Cr ‘ Fe | Mn
vol.% 5.9 2.734 1.561 0.2 0.196 0.0687

Element | Ti | s | zx | v | B | A
vol.% 0.0343 0.0117 0.0091 0.0091 0.0025  Residue

HCI, 20 ml HNO,, 175 ml H,0 (Keller’s) solution for 10-15 seconds.
‘Jeol JSM-6060’ scanning electron microscope (SEM) was used for mi-
crostructure examinations and fractured surfaces. Rigaku D-Max Rint-
2200 device was used for XRD analysis to determine phases formed in
microstructure. Tensile tests were carried out using Shimadzu AG-IS
(50 kN) tensile machine at cross head speed of 2 mm/min.

3. RESULTS AND DISCUSSION

Figure 1 shows the SEM images of AA7T075 alloys aged at 120°C using
five different aging times after solid solution treatment at 485°C for 2

o anhy
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Fig. 1. SEM images of AA7075 alloys aged at 120°C using five different aging
times: a—15h,b—20h,c—25h,d—30h, e—35 h.
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hours.

As shown in SEM images of AA7075 alloys aged using five different
aging times, secondary phase (MgZn,) precipitates formed in the struc-
ture as expected. Moreover, these precipitates formed in the structure
were not very clear in the SEM images due to their nanosizes. Liu et al.
[10] noted in their study that precipitates formed in the structure when
T6 heat treatment was applied to the 7050 Al alloy were indistinguishable
spherical particles, and the precipitates usually had a size of 3—7 nm. Fig-
ure 2 shows the XRD analysis results of aged alloys for 25 hours at 120°C.

As shown in Fig. 2, secondary phase precipitates formed in the
structure of the AAT075 alloy aged at 120°C for 25 hours. The precipi-
tation series of the Al1-Zn—Mg—Cu alloys occur as supersaturated solid
melt, GP (Guinier—Preston) zones, metastable n'—phase, and stable n—
phase (MgZn,) [7, 11]. In the Txxx series alloys, the strength improve-
ment usually depends on the type, intensity and size of precipitates
formed in the structure as a result of the aging treatment [12]. Also,
metastable (MgZn,) and stable (MgZn,) precipitates are usually spheri-
cal particles which cannot be distinguished from each other [10]. Fig-
ure 3 shows hardness and tensile strength changes of the alloys aged at
120°C using five different aging times.

As shown in Fig. 3, the hardness value of the alloys can be increased
be increasing aging time. The highest hardness value (192 HV) was ob-
tained for the alloy aged for 25 hours. The hardness values of the alloys
aged for 30 hours and 35 hours (190 HV and 183 HV, respectively) de-
creased due to the increasing aging time. This increase in the hardness
with increasing aging time can be explained by the Orowan mechanism.
Precipitates formed in the structure of the alloy during the first stage
occur as a result of the inhibition of dislocation movements by the GP
zones consistent with the aluminium matrix and metastable MgZn,
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Fig. 2. XRD results of alloy aged at 120°C for 25 hours.
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phases. Note that similar results have been obtained in other studies as
well[11, 13].

The decrease in the hardness value as a result of the increase in the
aging time, on the other hand, occurs due to averaging of the alloy.
Precipitates formed in the structure of the alloy grow depending on the
aging time. For this reason, the hardness of the alloy decreases. As
shown in Fig. 3 the maximum tensile strength was obtained for the al-
loy aged for 25 hours. These results indicate that the hardness results
were supported by the tensile strength results. Because the increase in
the tensile strength of the 7xxx series alloys is achieved by stable
MgZn, precipitates formed in the structure[11, 14].

Again as shown in Fig. 3, a decrease occurred in the tensile strength
of the alloy with aging time above 25 hours. This is associated with the
overaging of precipitates formed in the structure during the aging
process. Mukhopadhyay et al. [15] reported that coarse mn-phase
(MgZn,) formed in the structure due to averaging which led to a de-
crease in the tensile strength and the hardness of the alloy. The in-
crease in sizes of MgZn, precipitates due to aging time inhibits the dis-
location movement, which results in a decrease in the tensile strength
of the alloy as well. Similar results were also obtained in other studies
[16, 17]. Figure 4 shows the fractured surface of the AA7075 alloys
aged using different aging times after the tensile testing.

As shown in Fig. 4, ductile and planar fracture occurred in the alloy.
Depending on the aging time, planar fracture mostly occurred in the
alloys aged for 25 hours and 30 hours, whereas the planar fracture
mechanism was dominant in the fractured surface image of the alloy
aged for 35 hours. This is believed to be a result of the microstructure
changes in the alloy due to the aging time. According to Chun et al.
[18], fracture behaviour varies depending on the amount of undis-
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Fig. 3. Hardness (a) and Tensile strength (b) changes of the alloys aged at
120°C using five different aging times.
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Fig. 4. Fractured surfaces of the alloys aged at 120°C using different aging
times.

solved and precipitated phases in the structure of the alloy.

4. CONCLUSION

In this study, the following results were obtained.

Precipitates were observed to form in the structure of the AA7075
alloys depending on the aging time. The XRD analysis showed that
MgZn, precipitates formed in the structure of the alloy.

The hardness of the alloy was observed to increase depending on the
aging time. The highest hardness value (192 HV) was obtained for the
alloy aged for 25 hours. There was a decrease in the hardness values of
the alloys aged for 30 hours and 35 hours.

The increased aging time in the T6 heat treatment can lead to an in-
crease in the tensile strength of the alloy. The maximum tensile
strength (580 MPa) was obtained for the alloy aged for 25 hours. There
was a decrease in the tensile strength values after 25 hours aging
times.

The fractured surface examinations of the alloys following the ten-
sile testing showed that the dominant fracture mechanism was the
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ductile fracture mechanism. In addition, the planar fracture mecha-
nism was observed.
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