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Abstract

In the present paper, we have studied the effecagsing temperature, ageing time and
guenching temperature on structural, microstrucmd mechanical properties of Al-Mg-Si
alloy. The ageing temperature used in this work 8@8 °C pending time 24 and 48 h. The
structural properties were investigated using Xdtifyaction; the microstructural evolution was
investigated using optical, scanning and transmissiectron microscopies and microhardness
measurement for the mechanical properties. Afteioua states of ageing, the Al-Mg-Si alloy
shows significant changes in the microstructure amdrohardness values. After ageing, the
microstructure of the matrix consisted of a twoidaolution ofo—Al and p— Mg,Si phases
precipitation. After two-step heat treatment (queng and ageing), the microhardness value
were decreased with comparing original sample, @hiey reveals highp discontinuous
precipitates. After ageing at 300 °C of originaingde, corresponding to the minimum value of
microhardness, the volume fraction of the contirsuprecipitate becomes smaller. We found be
that the best results have been obtained with gletng at 300 °C pendinf time 48 hours in all
steps.
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1 Introduction

The 6000 series Al-Mg-Si alloys have a widesprepglieation, especially in the building,
aircraft and automotive industry due to their ebadl properties. The 6000 alloys contain
magnesium and silicon as major addition elemertisyThave good extrudability and hardening
characteristics as well as excellent corrosiorfaser and welding properties. In this aluminium
alloys besides the intentional additions, transitinetals such as Fe, Mg and Cu are always
present. Even not large amount of these impuritiesses the formation of a new phase
component. The exact composition of the alloy d&ldasting condition will directly influence
the selection and volume fraction of intermetgbiases [1-4].

The precipitation sequence in Al-Mg-Sil—4 alloysiemic clusters>GP. Zones—~ metastable

B” precipitates—» metastablgd’ precipitates— stablef phase [5-8]. This precipitation sequence
was observed for most investigated Al-Mg-Si alleyithin a relatively wide temperature range.
Previous investigation indicated that equilibrium @hase is formed at the end of the
precipitation sequence if the atomic ratio of MgSiais less than 2, and this phase can nucleate
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along the stablel particles [9,10]. However, Except for the equiliibn phasep, with
composition Mg2Si, and Si, all phases are metastabistorically, all the precipitates were
assumed to have the Mg2Si composition.

The heat treatment of a metal part is to subjett &tructural changes through predetermined
cycles of heating and cooling of metal and theloya in the solid state for the purpose of
changing their structure and consequently theiperiies. Oladele and Omotoyinbo [11] they
defined the common heat treatment operation fomadum alloys is called ageing. This is the
method of precipitating from solid solution a mésdde phase that leads to change in properties
of the alloy [11].

In this paper, we have studied the effect of ageamperature, ageing time and quenching
temperature on structural, microstructure and machh properties of Al-Mg-Si alloy. The
homogenization of the Al-Mg-Si alloy was performad400 °C for 2 hours and quenched in
water. However, The ageing temperature used invtbik was 300 °C pending time 24 and 48
h..

2 Experimental material and conditions

The material used in this investigation was an AJ-Bi (6000) aluminium alloy. Its chemical
composition is listed ifTable 1. Samples in the form of bars having a diametatimensions of
(1x1x1) cni in size for Al 6000 alloy were used for XRD, SEMdathe microhardness
measurements. The solution heat treatment progssmd for the samples is shownTiable 2.
Five different samples were investigated with terapee treatment. The first corresponds to
original sample (A). The samples (B and C) weredage 300 °C for 24 and 48 hours of
quenched Al-Mg-Si alloy at 400 °C for 2 hours, mdpvely. Finally, in the last process way
samples (D and E) an ageing at 300 °C for 24 anllod®8s of original sample, respectively (see
Table 2).

Crystallographic and phase structures of the thinsfwere determined by X-ray diffraction
(XRD, Bruker AXS-8D) with Culs radiation £ = 0.15406 nm) in the scanning range was
between 2 = 10° and 90°. For microscopic studies, specinves® polished and etched with a
concentrated solution of 10 % NaOH in the wateroaim temperature during (30 —120 s). A
scanning electron microscopy (SEM, JSM-6700F) gmpdpwith EDX was used to examine
both morphology and elemental analysis of the sasmy@nd the microhardness variation was
measured on samples using HVYM-2000 hardness oaidedf 125 g applied for 30 seconds.

Table 1 The chemical composition of aluminum 6000 alloylpes are in wt. %.

Alloy (wt. %) Al Si Mg Fe Cu
98.5 0.59 0.564 0.184 0.015
Table 2 Durations (h) and temperatures (°C) of the quenghimd ageing treatments
Sample Solution heat treatment temperature, °C
400 300
guenched aging

A — —

B 2h +24h

C 2h +48h

D — +24h

E — +48 h
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Fig. 1 The XRD analysis results of Al 6000 alloy of origirsample

3 Resultsand discussion

The XRD spectrum of an original sample of Al 600@ya shown inFig. 1, presents diffraction
peaks representing two solid solutions: ¢h@Al-rich) solid solution and apparentfy(Mg,Si -
rich) solid solution, as confirmed Fig. 2b. According to previous characterizations of Al-Mg-
Si [5,6,9], these peaks correspondit@\l andp— Mg,Si phases precipitation.

The nature of the precipitates that formed in thetrix as fine and coarsened particles was
examined by EDS analyses.Hig. 2a, the precipitates are identified as particle 1 padicle 2

in the pre-solution treated alloy [12]. The averagain intercept length in the solutionised
condition was found to be ~m. Scanning electron microscopy (SEM) and energpetsive
X-ray spectroscopy (EDS) analysis showed that th&rimconsisted of a two solid solution of
Al, Si and Mg, whereas both particles 1 and 2 irfiAl, Fe and Cu as given Fig. 2b.
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Fig. 2 Original sample: (a) SEM back-scattered electroragen (BEI), (b) matrix EDS
spectrum analysis

TheFig. 3 shows the X-ray diffraction of aged at 300 °C asrgching of Al alloy 6000 at 400
°C. The ageing was obtained at two different tifgbsand 48 h). As can be seerfig. 3, five
diffraction peaks were observed & 2 38.5°, 44.7°, 65.1°, 78.1° and 82.3° which can b
attributed respectively to (111), (200), (220),XBplanes ofv phase and (222) plane pphase,
respectively. As can seen that the variation okpéatensity change in thephase an@ phase.

It is clear that both regions have the same ciystastructure but different lattice parameter. It
is evident thaf3 phase has a composition different from thatwgbhase. It is clear that its
intensity becomep phase precipitated during this treatment (Sge3).
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Fig. 3 The XRD analysis results of Al 6000 alloy of (agea at 300 °C for 24 hours as

guenching at 400 °C, (b): aged at 300 °C for 4&$@as quenching at 400 °C

Fig. 4 shows the microstructural evolution of the alummi6000 alloy processed of ageing at
300 °C for 48 hours of original sampleig. 4a) and ageing at 300 °C for 48 hours of quenched
at 400 °C Fig. 4b). We have observed that the precipitations ar¢imeous and discontinuous
of without and with quenching temperature. The mageit 300 °C of original sample produces a
continuous precipitation characterized by finercfpitates inside of grains with their length
estimated at lum (Fig. 4a). However, the precipitates are fragmented withirthength
estimated at 1am for ageing at 300 °C of quenched sampligy.(4b), it should also be noted
that the volume fraction of this precipitate is lreg than in the case of the original processed
samples was g4m (seeFig. 2a). This is due to the partial dissolution and tfansation of the
particles as a result of shearing. A similar obagon was reported for the 6082 alloys in [13].
By contrast, the results reported in [14-16] shomlyopartial fragmentation of the”
precipitates.
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Fig. 4 Microstructures observations of Al6000 alloy witbeal at 300 °C for 48 hours: (a):
ageing at 300 °C of original and (b): ageing at 30®f quenched at 400 °C 2 hours.

The microhardness variation curves of Al alloy 6QflOvarious treatments such as original
sample, the quenching samples at a temperatur@?@ during 2 hours, the ageing at 300 °C
for 24 and 48 hours of quenched Al alloy 6000 dreldgeing at 300 °C of original sample are
presented irFig. 5. As can be seen, the microhardness increasestateuenching alloys. The
alloy becomes soft with prolonging of ageing arsdnitechanical properties are reduced by the
appearance of equilibrium precipitgtelt has been found that a discontinuous precipitatan
cause major changes in the microstructure and piep®f solid alloys.
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Variousltreatment
Fig. 5 Vickers microhardness variation Hv of Al 6000 alltydifferent treatments

4 Conclusions

In summary, the ageing effect at 300 °C pending t&4 and 48 h before and after quenching at
a temperature of 400 °C of Al-Mg-Si alloy on theustural, microstructural and mechanical
properties were investigated. We found that thé@lSi alloy shows significant changes in the
microstructure and microhardness values. The ntierctsire observations after ageing shows
that the matrix consisted of a two solid solutidr-eAl and— Mg,Si phases precipitation. With
two-steps of heat treatment (quenching and agethg)microhardness value found decreases
with comparing original sample, showing that thdowlreveals highp discontinuous
precipitates. After ageing at 300 °C of originaingde, corresponding to the minimum value of
microhardness, the volume fraction of the contirsuprecipitate becomes smaller. On the other
hand, the TTT curves for the discontinuous andinants precipitation reaction in this alloy
have been suggested. The best results were obtaittethe ageing at 300 °C pendinf time 48
hours in all steps.
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