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segmentation of S-blades and Mg,Si dissolution, was examined with optical microscopy. As cast
microstructure (Fig. 2) consisted of i) primary solid solution (Al), ii) a-phase intermetallics in the
form of the binary (Al)+a-AlFeSi, iii) f-blades resulting from the relative fast cooling and iv) Mg,Si
and rosettes eutectics (quaternary eutectics containing A-AlFeSi, Mg,Si, Si and Al-solid solution).
Heat treatment for 24 hours at 580°C was found adequate for MgSi eutectic particles to go into
solution. In addition f-phase particles are segmented and rounded (f—a transformation was
completed, Fig. 3). Segmentation of the f-blades was initiated after two hours soak at 580°C and
increased stepwise. Re-precipitation of submicron Mg,Si eutectics, mainly in the interdendritic areas,
took place during air cooling of the homogenized billet. Segmentation rate was much slower and not
completed in 24h for 560°C homogenization temperature.
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Fig. 2 (a), (b) Optical micrographs of the as cast billet (as polished) showing f-blades and Mg,Si
intermetallics.

2.2 Ageing process

The microstructure of air and water quenched, 6106 automotive hollow extrusions was examined
and related to results from dynamic compression and mechanical properties data (microhardness,
proof, tensile strength and elongation). The profiles were artificially aged with two different thermal
cycles: single and double (or step) stage ageing (Table 1).

Table 1 Heat treatment conditions
«x» | Heating from room temperature at ~ 70°C/hr to 100°C and soaking for 2
Thermal Cycle “A . o o ) .
. hours. Subsequently heating at 70°C/hr to 170°C, soaking time up to 12
Double stage ageing : ;
hours followed by slow air cooling.
Thermal Cycle “B” | Heating from room temperature at 50°C/hr to 170°C, soaking time up to
Single stage ageing | 12 hours followed by slow air cooling.
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Fig. 3 (a), (b) Optical micrographs of the 24 hours homogenized billet at 580°C (as polished) showing
that f—a transformation occurred.

Optical micrographs are given in Figs. 4-6. Enhanced Mg,Si precipitation was also observed in air
quenched samples in conjunction to the soaking ageing time used. Besides, coarsening and
coalescence into microscopic incoherent particles took place preferentially on grain boundaries
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creating weak neighboring areas, depleted in alloying elements. In water quenched samples no
microscopic Mg,Si precipitation was evidenced even for 12 hour soak (Figs. 4-5). Grain growth near
the extrusions outer surface is observed after 12h soak in a higher degree in air quenched extrusions
for both thermal cycles (Fig. 6). Fe-containing intermetallics of 11pm maximum length and 6um
maximum thickness were uniformly dispersed in the matrix in both water and air quenched
extrusions.

Tensile testing was performed parallel to extrusion direction, for the different wall thicknesses as
demonstrated by the profile geometry, and the average value was extracted. Specimens were tested
for 2.5, 4, 6, 8 and 12h soak for both thermal cycles, A and B. Results showed progressive
strengthening of the profiles, but with decreasing rate, as a function of ageing soaking time, mostly
independent of the quenching conditions and thermal cycle applied. Regarding thermal cycle “A”,
water quenched samples were slightly stronger as compared to air quenched. From preliminary
tensile tests, it was evident that water quenched samples exhibited slightly faster age hardening rates,
as compared to air quenched samples, for soaking durations up to 6h, while this is reversed for
soaking times between 6 and 12h. Maximum proof and tensile strength were achieved for both types
of samples after 12h soak, i.e. 250 and 275 MPa respectively. Correspondingly, fracture elongation
was constantly 2% higher for air quenched samples (as compared to water quenched samples) and
ageing durations up to 8h, while their difference is eliminated for 12h soaking time (A=13%). Profiles
thermally treated using cycle “B” exhibited lower mechanical properties and often below the
specified limits.

Microhardness testing was also carried out to understand the ageing curves (Table 2). Water
quenched samples exhibited consistently almost identical hardness values compared to the air
quenched samples. Additional sampling at 10h soak showed that peak hardness, corresponding to T6
condition, was probably reached after 10h soak. Double stage ageing procedure produced higher
hardness extrusions than single step ageing. These results are consistent with tensile tests data.

Crash relevant response was evaluated via dynamic compression of the extruded profiles
according to internal customer specification and subsequent visual examination. Damage assessment
criteria involve mainly the identification of deformation mode (folding) and cracking phenomena that
took place due to dynamic loading. Air quenched profiles (Figs 7-8) showed destructive fracture
(quasi-brittle behaviour, early cracking and severe splitting) and unaccepted folding for 4, 8 and 12 h
soaking time and for both thermal cycles. On the contrary, water quenched profiles demonstrated
accepted crash tolerance properties. Limiting conditions were achieved for 12h soak time (Thermal
Cycle A, B), since no improvement in crash tolerance behaviour has been recorded by employing
further thermal treatment (ageing at 170°C for 14h); a deterioration in deformation mode was rather
induced resulting in severe cracking and fracture phenomena. Double and single step ageing did not
cause noticeable differences in crash tolerance behaviour.

Table 2 Microhardness measurements (HV( ;). Mean of 10 measurements.

Air Quenched | Water Quenched

As extruded 57 57

4h soak 78 78

6h soak 85 87

Cycle "A", double stage ageing | 8h soak 85 90
10h soak 88 89

12h soak 87 87

4h soak 76 80

6h soak 84 86

Cycle "B", single stage ageing | 8h soak 86 88
10h soak 88 89

12h soak 89 89
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Fig. 4 Optical micrographs of (a) water quenched and (b) air quenched extrusion proﬁlé after double
stage ageing for 12 hours (HF etch). Grain boundary precipitation of Mg,Si intermetallics is observed
in air quenched sample.
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Fig. 5 Optical micrographs of (a) water quencﬁed and (b) air quehched extrusion after single step
ageing for 12 hours (HF etch). Grain boundary precipitation of Mg,Si intermetallics is observed in air

quenched sample.
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Fig. 6 Optical micrographs of (a) air quenched extrusion and (b) air quenched + single stage aged for
12 hours soak (Barker’s etch). Grain growth near the surface is evident. Longitudinal cross-sections.
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Fig. 7 Macro images showing non-symmetrical folding, severe cracking and splitting in air quenched
extrusions. (a) Double stage aged profile for 8 hours and (b) single step aged for 4 hours.

Fig. 8 Macro images showing symmetrical folding in water quenched extrusions after. (a) Double
stage aged (profile for 12 hours and (b) single step aged for 8 hours.

3. Conclusions

From the above results it can be deduced that:

1. Homogenization treatment for 24 hours at 580°C leads to progressive segmentation of the
[-blades with a direct contribution on extrudability and toughness of the final component.

2. Poor crash performance exhibited by the air quenched samples could be attributed to the
presence of coarse intermetallic particles on grain boundaries, which became more evident as ageing
time increased. Weakening of the extrusions predominantly close to these areas has an adverse effect
on the crash behavior, as manifested also by the reduction of the tensile fracture elongation after
ageing.

3. Tensile properties requirements are succeeded by air and water quenched samples after double
stage thermal treatment due to primary precipitation of GP coherent zones which are nucleation sites
for semi-coherent phases.

4. As a result of the present investigation, the optimum combination in toughness and strength is
fulfilled in the case of water quenched and double stage aged sample for 8 and 12 h soaking time.
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