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The present Thesigleals with the homogenization and artificial agintherma
treatments of 6xxx series alloy extruded profilemming at the optimization of the
mechanical propertieas this can be expressed bg@mbination of the highest strength and
energy absorption This isrequired by the automotive industryin order to endure

minimization of theenergyll NI y A FSNJ Ay a A RS inth&K&sebllaarasBy ISNE Q OF 6

In the frame of the examination, extrusionsth four differentconcentrations of Mg
and Siand with two different crosssections,square and complexwith three bakes of
different wall thicknessyere tested(alloy 1: 0.80Mg,Siexcess Salloy 2:0.8%Mg,Si, alloy
3: 0.80Mg,Si excess Si, alloy 4: %®g,Si, excess Si, Mn containinfyJore specifically the
effects of (i) cooling rate aftesolid solution treatmen (ii) natural aging and (iii) artificial
aging temperature were investigated The analytical techniques thatere implemented
included optical and scanning electron microscopy, transmission electron microscopy,

tensile testing, compression testing andife element analysis.

The higher the amount of alloying elements the higher the rate of the kinetics of the
aging process and the strength in T6 condition. With excess Si, Si crystals are precipitated
deteriorating ductility especially when this occunsgrecipitate free zones (PFZs). However
the Si content is in general enabling the formation of hardening constituents due to the
smaller distance the Si atoms have to travel in order to reach the Mg ones. Indicative
measurements with TEM revealed 25% @ase in the number density of coherent particles

by a respective increase in the pEjpercentage fron0.6to 1%

In alloys with 6 and 08% Mg,Si and excess Si 40 hours aging at C76énabled
higher yield and tensile strength values than with agingGf €. In the balanced alloy with
0.8% Mg,Si aging at 20€ produces superior strength, but it is expected that prolonged
aging at 178C (more than 40 hours) woulte more effective. For 6082 alloy with 8%

Mg,Si slight differences in strength were obssthbetween these two heat treatments.

Regarding the preaging conditions the effects of (i) two step aging and (ii) 24 hours

natural aging aftersolution treatment were investigated. 12 hours preaging at 100




resulted in acceleration of aging kinetics leayl to massive nowoherent particles

precipitationand increase in strength k81 3MPawithout anycompromiseon the ductility

Results showed that ater quenching(wq) after heat treatmentat 550°C for 50 min
prevented the nordesirable precipitation D non-coherent phasesretaining a higher
amount of alloying elements in solid solutierhich became available foprecipitaton in a
controlled and efficientway duringsubsequentartificial aging. On the contrary, air cooling
(ac) led to non-desirable,intergranular mainly, precipitation and formation of precipitate
free zonesPFZs)which rendered low ductility, due to the difference in hardness between
these narrow zones and the inner part of the grai@ansequentlyac samples exhibited
lower strengh, slower response to artificial agingnd also grain boundary sensitization
which resulted tantergranular cracking in tensile tests. FB#nation wasalso detected in
wq samplesut onlyin overaged condition (T7INot naturally aged samples exhikitdigher
strength values thafrom the naturally agedby 8MPafor the alloywith 0.6%Mg,Siand by
22MPafor 1,0%Mg,S). However not naturally aged samples had lower values of toughness

in the postuniform elongation area.

For the evaluation of toughnesdsdices[rr [uts® M [piwere calculated from -8
curves referring tdoughnessat FRactureor total amount oftoughnesstoughnessat UTSor
toughness corresponding to the area of uniform elongation samdyhnessin Plasticregion

(post uniform).

For alloy 1 (0.69Mg,S) [rrS N [Ursvalueshad values32 € h 25Fcm?® in [4 € h [6
metallurgical condition whilgphad lower value in T4han in T6 conditior(6 and 10J cm®
respectively).These values of toughness were higher than those anticipated by aging a
200 Cand 220 C. Prolonged preaging step @0.C led to an increase df<* h[{revalues
and slight decrease qffs. In ac samples low toughness was expressed by a progressive
tendency for converging ofr ¢ h [urswith aging progressvhich indicatedthat the total
amount of toughness resulted from deformation in the elastic and proportionality regions
Similarresultswere acquiredfor alloy 2. Alloys 3 and 4 differed in that in WQ conditif#
received lower values than in aged conditiand a conslerable raise and stabilization of

toughness value was realized with the completion of preaging stage.



Jriprovedto be a very reliableindexfor the characterization of samples as more or less
ductile even when two samples had comparapigvalues andt could be well related with
the observed reduction in area from the tensile tests. It also received high values in T7
condition even if{grwas decreased and the respective tensile specimens were also very

ductile.

Comparing samples with and without na#th aging it was found that for alloy 1, in
underaged condition naturally aged samples had highaf " [yrevaluesbut lower [pdue
to the higher aging degree while in peak age condifiggand [,rswere comparable bufp,
was higher for naturally agespecimens. For alloy 4 naturally aged specimens had also
higher values, while for lalys 2the opposite was observed. For all8ysimilar fracture

values were found.

The results of compression tesggoved that extrusions with high strain rate
sensitivity indices(m) are expected to preserdcceptable buckling behavior, high local peak
values of compression loahd alsohigh mean loadialues(energy absorption)Shear zones
formation and #sress concentrationduring deformationon the secondarily recrstallized
grairs near the surfacesn 6082 alloy wasletrimental to the observedbucking behavior.
Aging at 22€C for 6106 alloy improved significantly the buckling behavjdiue to massive
precipitation and the subsequent neutralization of the effect bé tPFZs, while at 200
buckling mode was also crack frizeall examined alloydiecause of the equivalerfbr less
localized)yate of precipitationon grain boundary interfaces and grain inteniegions Useful
conclusions were also drawn regarding theaximization of mean load with prolonged

preaging step and the destructive buckling mode of ac extrusions due tddPfiésion.

In the assessment of crash tolerance properties of extrusions betisile and
compression tests are indispensablln case thathe microstructure includes sensitized
areas such as stress concentration sites (corneesd areaswith oxides, noruniform grain
structure) compressionesting constitutes anore effectivemethod for the suitability of the
selected material. On theoatrary, the calculationof strain duringneckingfrom stressstrain
curves il usefuland easy way ainderstanding whether a sample has a tendetwcgisplay
amore or less ductiléehavior The conclusions frorthe calculation of fracture toughness
from these two testawvere also different. The mostypical examplavas the wq specimen in

T4 condition, which in the tensile teevercame the other specimensgrhile in compression

Xi



test the respectivespecimenshowedthe halfenergy absorptiorcompared withspecimens

in T6 condition.

Finite element modeling of compression test was efficient in reproducing the
morphology of the compressed specimens, regardless of the buckling behavigood
agreement was observed for fracture toughness values and-dismlacement curves
morphologies obtained from actual tests arkde model regarding square crasection
specimens, while inconsistency eventuated floose with the complex crossection. After
constructing the moded series of tests was feasiblacluding eamination of the effect of
fracture strain,strain rateand wall thicknessof the extrusions A fracture strain increase
resulted in mean load increase, no change in imaxn load and limitation ofliscontinuities
formation. Strain rate affected particulgrithe ma¥mum load and less the mean load,
induced shortening of the neighborimeakload distances in the curves and change of the
curves moderbm regular to irregularincreasing the wall thickness causedansiderable

increase of both mean and miaxum load, while the buckling mode was also affected.
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Driving force for
precipitation

“solvus”

one phase

Driving force for
precipitation

B>
<'_
C w A
ot ¢
oy

V-"2ME S AT Th L AhS'  uth o Chfy s AR
h < <h he ~ 0t h R o e s T
- '"A“'. - v h/\h(6)_. : A h _hlw,l

Formation of one crystal

inside another with the

same structure but different

lattice parameters, showing

the formation of coherency

strains.

Particles which form these

strain fields are generally

called GP zones after their

founders

» Guiner

~ Preston

in Al-Cu alloys.
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