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ABSTRACT KEYWORDS
In this paper, we have studied the ageing effect before and after quenching Al-Mg-Si aloy;
at two temperature of 400 and 500 °C of Al 6000 alloy. The Al 6000 alloy was Quenching;
aged at 300 °C for 48 hours. The structural properties were investigated Ageing;
using X-ray diffraction; the microstructural evolution wasinvestigated using Microstructure;
optical, scanning and transmission electron microscopies and Precipitation.

microhardness measurement for the mechanical properties. After various
states of ageing, the Al-Mg-Si alloy shows significant changes in the
microstructure and mechanical behavior. After ageing, the microstructure
of the matrix consisted of atwo solid solution of a—Al and B—Mg,Si phases
precipitation. After two-step ageing at 300 °C and quenching, corresponding
to the minimum val ue of microhardness, thealloy revealssmall B continuous
precipitates. After ageing at 300 °C of original sample, the volume fraction
of this precipitate becomes higher. We found be that the best results have
been obtained with the quenching at 500 °C.
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INTRODUCTION

Al aloysisone of themost widely used non-fer-
rousstructural materiasinindustry, and many sub-sys-
temsof multi-component Al alloyshavebeen studied,
including the establishment of their thermodynamic da:
tabasd>?. Al-Mg-Si dloys are widely used in aero-
gpaceand civil industries because of their low dengties
and afavorable combination of strength and resistance
to corrosion®. Al-Mg-Si dloysused for electrical ap-
plication, mainly as conductorsarerequired to possess
aproper combination of properties, suchashigh strength,
high dectrica conductivity and optimum e ongation.

The6000 seriesAl-Mg-Si dloyshaveawidespread
application, especidly inthebuilding, aircraft and auto-
motiveindustry dueto their excellent properties. The
6000 alloys contain magnesium and silicon asmajor
addition elements. They have good extrudability and
hardening characteristicsaswell asexcellent corrosion,
surface, and welding properties. Inthisaluminiumaa-
loysbesidestheintentiona additions, transtion metas
such asFe, Mg and Cu are always present. Even not
large amount of theseimpurities causestheformation
of anew phase component. Theexact composition of
thealoy and thecasting conditionwill directly influence
the selection and volume fraction of intermetallic
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phases>*.

The precipitation sequenceinAl-Mg-Si14 alloys
is atomic clusters ->GP. Zones — metastable 33
precipitates —» metastable 2 precipitates — stable
phasd*2919, This preci pitation sequencewas observed
for mostinvestigated Al-Mg-S dloyswithinarddively
widetemperaturerange. Previousinvestigationindicated
that equilibrium Si phaseisformed at the end of the
preci pitation sequenceif theatomicratioof Mgto Siis
lessthan 2, and this phase can nucleastea ong thestable
B particles*2, However, Except for the equilibrium
phase 3, with composition Mg2Si, and Si, all phases
aremetastable. Historically, all the precipitateswere
assumed to havetheMg2Si composition.

Inthis paper, we have studied the effect of ageing
at 300 °C for 48 hours of Al 6000 alloy before and
after quenching at two temperatures of 400 and 500
°C for 2 hours in water, the effect was studied on mi-
crostructure, mechanical behavior and structura prop-
ertiesof Al 6000 alloy.

MATERIAL AND EXPERIMENTAL

Thealloy containing of Al 6000 used in thisstudy
wasintheform of extruded angular bar, the chemical
compositionislisted in TABLE 1. Thesampleswere
cross-sectioned from the supplied bar having dimen-
sionsof 1x1x1 cm3. The solution heat treatment pro-
gram used for thesamplesisshownin TABLE 2. Four
different sampleswereinvestigated with temperature
treatment. Thefirst corresponds to original sample

TABLE 1: Thechemical compodtion of aluminum 6000 alloy,
valuesareinwt. %.

Alloy

(Wt. %) Cu

Al S Mg Fe

985 059 0.564 0.184

0.015

TABLE 2: Durations(h) and temper atures(°C) of the solution
heat treatments

Solution heat treatment temperature, °C

Sample 400 500 300
guenched quenched aging
A _ _ _
B 2h - 48h
C - 2h 48h
D - - 48h

= Fyl] Peper

(sampleA). Inthe second, the second isreplaced by a
two-step aging (400 °C/2 h+300 °C/48 h). The third
way (C) isbased asthe second is replaced by atwo-
step aging (500 °C/2 h+300 °C/48 h). Finally, in the
last process(D) anaging at 300/48 hof origind sample.

Crystallographic and phase structures of thethin
films were determined by X-ray diffraction (XRD,
Bruker AXS-8D) with CuKa radiation (A = 0.15406
nm) in the scanning range was between 26 = 10° and
90°. For microscopic studies, specimens were polished
and etched with aconcentrated sol ution of 10 % NaOH
inthewater at room temperaturefor (30—120s). The
scanning electron microscopy (SEM, JISM—6700F)
equipped with EDX was used to examine both mor-
phology and e ementa analysisof thesamples, and the
microhardnessvariation was measured on samplesus-
ing HVM-2000 hardness, at aload of 125 g applied
for 30 seconds.

RESULTSAND DISCUSSION

The XRD spectrumof anorigina sampleof Al 6000
dloy, showninFgure 1, presentsdiffraction pesksrep-
resenting two solid solutions: the o (Al-rich) solid solu-
tion and apparently 8 (Mg,Si -rich) solid solution, as
confirmedin Figure 2b. According to previous charac-
terizations of Al-Mg-Si>¢9, these peaks correspond
toa—Al and B—Mg,Si phases precipitation.

The nature of the precipitates that formed in the
matrix asfine and coarsened particleswas examined
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Figure 1 : The XRD analysis results of Al 6000 alloy of

original sample.
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by EDS analysesareshownin Figure 2. In Figure 2a,
theprecipitatesareidentified asparticle 1 and particle
2inthepre-solution treated aloy*®. Scanning el ectron
microscopy (SEM) and energy dispersive X-ray spec-
troscopy (EDS) analysis showed that the matrix con-
ssted of atwo solid solution of Al, Sl and Mg, whereas
both particles1 and 2 consist of Al, Feand Cu asgiven
inFigure2b.

peaks were observed from this Figure at 20 =
38.5°,44.18°,44.7°, 65.10°, 78.1° and 82.3° which
can be attributed respectively to (111), (200), (220)
and (311) planesof a phase, (100) and (222) plane of
B phase, the Figure 3b showed that the (100) B was
detected inthe smaller intensity, however, Figure 3b,
heretheAl dloy 6000 quenched at 500 °C for 48 hours,
inthiscasetheintensity of (100) and (222) planeof 3

Al
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Figure2: Original sample: (a) SEM back-scattered electron image (BEI), (b) matrix EDS spectrum.

TheFigure 3 showsthe X-ray diffraction of aged
at 300 °C as quenching of Al alloy 6000 at 400 and
500 °C for 48 hours. As can be seen, six diffraction

700

phasearehigher than the quenching at 400 °C.
Figure4, present the X -ray diffraction of ageing at
300 °C for 48 hours as original sample, as can seen
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Figure3: TheXRD analysisresultsof Al 6000 alloy of (a): aged at 300 °C/48 h as quenching at 400 °C, (b): aged at 300 °C/

48 h asquenching at 500 °C.
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that thevariation of peaksintensity changea phaseand
B phase comparing with the aged as quenching. Itis
clear that both regions havethe samecrystaline struc-
ture but different | attice parameter. It isevident that 3
has acomposition different from that of a. Itisclear
that itsintensity becomes 3 phase precipitated during
thistrestment. However, the  phaseismoreimportant
of thisprecipitation. Our XRD resultisin good agree-
ment with reported49.
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Figure 4 : The XRD analysis results of Al 6000 alloy of
ageing at 300°C/48 h as received.
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The microstructures evolutions of the 6000 al u-
minium alloy processed of quenching at 400 °C and
500 °C after the subsequent ageing at 300 °C for48 h
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areshowninFigure5. A characteristic festure of theas
quenched microstructureisthe presenceof higher grains
that contain ahigh density of precipitation. It can be
assumed that at lower ageing time, themicrostructural
evolution become more homogeneous. We have ob-
served that precipitation is continuous at 300 °C as
quenching. Thisreactionismoreimportant during age-
ing time of 48 h as quenching at 400 °C (Figure 5a).
The precipitatesare fragmented with their length esti-
mated at 1 um. It should &l so be noted that the volume
fraction of these precipitatesissmaller thaninthecase
of theoriginal processed samples(Figure2a). Wehave
obtained smilar resultswith Chemingui et d .19 studied
the effect of heat treatment on plasticity of Al-Zn-Mg
dloy.

IntheFigure 6 showsthemicrostructura evolution
of the 6000 auminium aloy processed of ageing a 300
°C for 48 hours as original sample. We have observed
that preci pitationiscontinuousof aging a 300 °C. How-
ever, theaging at 300 °C of original sample produces a
continuous preci pitetion characterized by finer precipi-
tatesinsdeof grains. The precipitatesarefragmented
withtheir length estimated higher than of 1 um. It should
a so be noted that the volumefraction of these precipi-
tatesissmaller than in the case of the ageing asquench-
ing processed samples (Figure 5). Thisisdueto the
partia dissolution and transformation of theparticlesas
aresult of shearing. A smilar observation wasreported
for the 6082 alloysinl*”. By contrast, the resultsre-

(b)
Figure5: Microstructuresobservations of Al6000 alloy with aged at 300 °C as quenching: (a) 400 °C, (b) 500 °C
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Figure6: Microstructuresobservationsof AI6000 alloy with
aged at 300 °C as received.

'K )

ported ini*®-2% show only partial fragmentation of the
[” precipitates.

Themicrohardnessvariation curvesof Al 6000 al-
loy at different treatments. Original sample, quenched
at atemperature of 400 and 500 °C during 2 h, ageing
at 300 °C as quenching for 48 hours and ageing at 300
°C of original sample are presented in Figure 7. As can
be seen, the microhardnessincreases after the quench-
ing Al 6000 aloy. The aloy becomes soft with pro-
longing of ageing and itsmechanica propertiesarere-
duced by the appearance of equilibrium precipitate 5.
It has been found that acontinuous precipitation can
causemgjor changesin themicrostructureand proper-
tiesof soliddloys.

CONCLUSIONS

Theageing effect at 300 °C pending time 48 hours
before and after quenching at atemperature of 400 and
500 °C of A16000 alloy on the structural, microstruc-
turd and mechanica propertieswereinvestigated. The
following conclusions can be drawn from theresults
presented
» After various statesof ageing, theAl-Mg-Si aloy

showssgnificant changesinthe microstructureand

mechanica behavior.

» After ageing, themicrostructure of thematrix con-
sigted of atwo solid solution of a—-Al and B-Mg,S
phases precipitation.

> Aftertwo-step ageing a 300 °C of quenching, cor-
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Figure7: Vickersmicrohardnessvariation Hv of Al 6000
alloy at different treatments.

responding to theminimum va ueof microhardness,
theadloy revealssmall 3 continuous precipitates.

» After ageingat 300 °C of original sample, the vol-
umefraction of this precipitates becomes higher.
We found be that the best results have been ob-
tained with thequenching at 500 °C.
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