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ABSTRACT

GP-zones and the 3°’-MgsSig phase are essential strengthening phases of the AlI-Mg-Si system. The
GP-zones nucleate in a very high number during heat-treatments and transform into fewer and
coarser [3”’-particles. We present the structure of GP-zones in the Al-Mg-Si system and relate it to
that of 3°’. The GP-model was derived by analysis of exit wave images, comparison of inter-atomic
distances and image simulations. It is a centred super-cell on the Al-lattice with a,, = [350] Ldr ,

(14.60R), b, =[001]@, (4.05 A), ¢, =[130|tz, (6.40 A). Both phases have the same

monoclinic space group (C2/m). The a- and c- parameters of B’ are 15.16 A and 6.74 A,
respectively, corresponding therefore to a slightly expanded super-cell. We show that the structure
of 3” may be obtained from that of the GP-zone by a translation b/2 of the Mg (000) atoms.

EXPERIMENTAL

The 6082 type Al-alloy where GP zones were investigated contains 0.6 Mg, 0.9 Si, 0.5 Mn and 0.2
Fe (weight %). The variation in hardness at 150°C ageing is shown in Figure 1. Ageing was
performed immediately after water-cooling from a solution temperature [1]. A Philips
CMB30UT/FEG electron microscope operating at 300kV was used in the investigation. Each exit
wave was reconstructed from one through focus series of 16 HREM images with 3.2 nm focus
increment. The reconstructions were done using a software package based on algorithms developed
by Van Dyck and Coene [2].

RESULTS AND DISCUSSION

Ageing for 11 hours and 9 days optimises the number of GP-zones and 3°* which corresponds to the
hardness-peaks in Figure 1. The exit wave images in Figure 2 show typical precipitates of these
conditions. They are needles parallel to the aluminium <100> directions. The fully coherent GP-
zone in @) is hardly visible. The larger 3’’-phase in b) is usualy only partly coherent. It clearly
produces strain in the surrounding matrix. We count twice as many precipitates in the case with GP-
zones (11 hrs), but they have a much lower hardening effect. The 3”—phase and later the GP zone
structures were recently solved by our group [3,4] and [1]. The structure of B’ is shown in Figure
2¢). The structure of the GP zoneisthat of areal ordering of atoms on the Al-grid. Figure 2d) shows
the atomic model of the GP precipitate compared to the structure of the 3 phase. Analysis of inter-
atomic distances in a large number of GP-zones leads to the conclusion that Al must be part of the
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composition. Mg and Si replace Al during growth of the GP zones, increasing strain in the ordered
solution, causing a hardness increase up to 11 hours. The transformation to the [3’’-phase opens the
possibility for a partly coherent phase to form, which is more effective in obstructing dislocations.
The essential geometrical difference between the two structures can be observed in Figure 2d). The
heights of the central Mg-atoms are different. When Mg-atoms have replaced most of the Al-atoms
in the GP structure, it is energetically favourable for 3 to form. This is obtained by moving the

central Mg-atoms half way in the 4-direction, parallel to the needle length.

[1] C.D. Marioara, S.J. Andersen, J.Jansen and H.W. Zandbergen, Acta mater., vol. 49, no. 2,
2001, 321-328.
[2] W. Coene, G. Janssen, M. OpDeBeek, D. Van Dyck: Phys. Rev. Lett., vol. 69, 1992, 3743.
[3] H.W. Zandbergen, S.J. Andersen and J.Jansen, Science, vol. 277, 1997, 1221-1225.

[4] S.J. Andersen, H.W. Zandbergen, J. Jansen, C. Traeholt, U. Tundal, O. Reiso: Acta mater.,
vol.46, no.9, 1998, 3283-3298.

140 e

130 F

Vikers Hardness

120 |
110 |
100 F

90 [

80 [

;;igd

*? a2

e o o LA o e e

FIG. 1. Evolution of hardness as function of ageing
at 150°C in a 6082 Al-Mg-Si alloy. Convex parts
correspond to high density of GP-zones (11 hrs) and

B’ (9 days).

FIG. 2. @), b) Exit waves of precipitatesin Al-matrix of 11h sample (GP-zone) and 9d sample (7).
c) Atomic structure of the B” precipitate; d) Comparison between the atomic structures of 3”-phase
and GP-zone. The Al-matrix is oriented in <100> zone axis.
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