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Abstract. An Al-5.1%Mg-2.1%L1-0.17%Sc-0.08%Zr (in mass%) alloy designated as 1421 Al was
subjected to equal channel angular extrusion (ECAE) with rectangular shape of channels up to fixed
true strains of ~4 and ~8 at a temperature of 325°C. This processing provided the formation of
uniform recrystallized structures with micron scale average grain size. The 1421 Al after ECAE
processing and in initial hot extruded condition was subjected to solution treatment followed by oil
quenching and subsequent ageing. Fine grained structure evolved under ECAE remains essentially
unchanged under solution treatment. However, this structure affects significantly the precipitation
sequence during ageing. Relationships between microstructure and service mechanical properties
are considered.

Introduction

Enhancement of service properties of Al-Li-Mg alloys is very important for their commercial
applications as structural materials in aerospace industry [1]. Extensive grain refinement through
ECAE is very attractive because of the potential to obtain significant increment in strength of these
alloys. The Hall-Petch equation states that the yield stress, oy, 1s given by

Gy = 6o+ ky x d”? (1),
where 6 and ky are constants determined experimentally. A reduction in the grain size leads to an
increase in strength. However, the grain size plays an important but not a dominant role in strength
of precipitation-hardened aluminum alloys. Merely achieving micron scale grain size is not
sufficient to enhance service properties. Strength of these alloys is significantly increased by
dispersion strengthening [2]. Only combination of grain refinement strengthening and precipitation
strengthening can provide an increase in strength of Al-Li-Mg alloys.

In addition, these alloys are hard to be deformed at temperatures lower than 250°C due to
insufficient ductility. As a result, these alloys can be subjected to ECAE in the temperature interval
300-400°C to produce commercial scale rods or plates with ultrafine grained (UFG) structure [3-6].
Therefore, in order to fabricate Al-Li-Mg alloys with extremely small grain sizes being beneficial in
viewpoint of enhancement of their strength under exploitation conditions a post-ECAE heat
treatment consisting of solution treatment followed by quenching and subsequent artificial or
natural ageing has to be applied. However, the post-ECAE solution treatment can lead to significant
grain growth in Al-Li alloys and, therefore, no significant increment in strength of Al-Li alloys
processed by ECAE takes place [7, 8]. For instance the strength of ECAE processed Weldalite
alloys was found to be lower after T4 treatment and higher after T6 treatment in comparison with
these alloys subjected to conventional extrusion [8]. In the same time the combination of ECAE
with subsequent heat treatment resulted in increased ductility [8].

In this study the feasibility to use ECAE to enhance service properties of the 1421 Al is
evaluated. It was shown previously that ECAE at 325°C provided the formation of UFG structure
[3, 6]. ECAE processing can give a positive effect on the mechanical properties of the 1421 Al if
UFG structure will be stable under solution treatment and ageing will provide significant
strengthening. Therefore, the aim of present study is twofold: (1) consideration of microstructural















leaves solid solution for the formation of the Si-phase. In the extruded material, the artificial ageing
provides uniform precipitation of the 8> — phase dispersoids within grain interiors and high yield
strength. In the 1421 Al with UFG structure the S;-phase precipitates along grain boundaries under
ageing condition; & — phase dissolves within grain interiors, concurrently. Lacking precipitation
strengthening associated with uniform distribution of nanoscale 8° — phase could not be
compensated by superposition of grain refinement strengthening and even additional dislocation
strengthening associated with increased lattice dislocation density in the ECAE processed 1421 Al
in comparison with the extruded material. This is why the strength of the ECAE processed 1421 Al
is less than the strength of the same material in as-extruded condition. The difference in strength
between samples subjected to ECAE with ¢~4 and ¢~8 is also associated with difference in phase
composition. The presence of 8 — phase dispersoid in the 1421 Al subjected to ECAE with ¢~4
followed by T6 heat treatment provides increased strength in comparison with the 1421 Al
subjected to subjected to ECAE with e~8. Thus, in order to achieve an increase in the strength of the
1421 Al by extensive grain refinement through ECAE the final heat treatment has to provide
uniform precipitations of the 8 — phase within material body.
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