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Abstract: An alioy from the 7000 serie obtained by the Osprey process has
been studied both from the microstructural (TEM, SAXS) and from the
mechanical viewpoint . The modelling of the mechanical properties and of their
anisotropy was performed using both models from physical metallurgy and a self
consistent eslastoplastic model.

Introduction

The OSPREY process allows the elaboration of alloys with a high concentration in
alloying elements without having macroscale segregations (1) . As a consequence such
alloys may have very interesting hardening potentialities . The alloy we are considering
in the present work belongs to the 7000 series. Cu, Mg and Zn are the elements
responsible for the structural hardening, Cr, Zr and Mn create dispersoids which act as
antirecrystallisant . Even if the 7000 series alloys have since their discovery in 1917
motivated a number of work, the microstructure and the properties of these special
compositions have yet recieved very little detailed studies (2, 3) .The quantitative
characterization necessary to understand the mechanical properties of those
unconventional alloys was achieved by a detailed study in TEM and SAXS. Then we
use standard models of physical metaliurgy plus the self consistent approach to the
deformation of the polycristal in order to predict relations between microstructure and
macroscopic properties invoiving also the crystallographic texture . Special attention is
given to the anisotropy of the mechanical properties.

1)The materials and their heat treatments. Experimental results concerning
the microstruture and the mechanical properties.

The alloy after its elaboration by the OSPREY process has undergone an
extrusion , an homogeneisation treatment of 8 hours at 475°C,and a solid solution
treatment of 2 hours at 470°C .The subsequent ageing heat treaiments that we have
extensively studied are : T4 : Room temperature ageing, T6, T7, TX and TY ageing at

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993732



http://www.edpsciences.org
http://dx.doi.org/10.1051/jp4:1993732

216 JOURNAL DE PHYSIQUE IV

105°C during 32h, 128h, 500h, 1400h respectively. Table 1 gives the characteristics of
the microstructure and Table 2 the mechanical properties for the various heat treatments.

condifion T4 T6 T7 TX TY
recipitate radius (A)| 8,5 14,2 16,6 29 32
volume fraction (%) 10 10 - 10 10 10

Table 1: characteristics of the microstructure

condition YS (L) YS (TL) | UTS (L) UTS (TL)
T4 598 54919 840414 69639
T6 77143 662+2 833+30 755414
T7 77410 67413 819446 75426
X 750 6852 83042 761120
TY 700 665+3 853%20 764+4

Table 2 : mechanical characteristics in the long (L) and transverse (TL) direction.

The characterisation of the microstructure has been carried on at different scales :

- The average grain size was 5um with an aspect ratio of 3 (Fig 1a), the grains being
elongated in the extrusion direction .

-The intragranular precipitation was studied both in TEM and by SAXS .

The phases which were identified were Al3Zr , in very low volume fraction and which has
negligible contribution to the hardening of the alloy,and several phases containing Mg ,
Zn and Cu which are mainly the ones responsible for the high elastic limit (the ' phase
with a misfit of less than 1% and a cubic phase which can be identified from the
diffraction patterns : it has the KS relations with the matrix and do not seem to be
coherent otherwise) These phases appear as thick platelets .

At short times heat treatments (T4,T6, T7 ) the 7' phases are dominant,
whereas for the longer heat treatments (TX, TY) the cubic phase is dominant . A small
angle Xray scattering analysis provides some extra informations concerning the fine
precipitation : the volume fraction of the precipitates was found to be constant , and their
volume to scale linearly with timein all the heat treatments which indicates that the
kinetics of precipitation is already in the coarsening regime .

-The texture measurements obtained from Xrays experiments show a marked fiber
texture
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-The mechanical properties were measured on an INSTRON machine 1185 . The yield
stress and the work hardening behaviour were measured for samples in the long and in
the long transverse directions .

2)Modelling of the average vyield stress

The models of physical metallurgy allow one to derive the critical resolved
shear stress in a plane as a function of the microstructure.The complementary aspect of
modelling the mechanical properties is the scale transition from the single crystal to the
polycrystal :In order to do so we have used the elastoplastic model developped by
Berveiler and Lipinski (4). In this work our purpose was to use jointly the two approaches
in order to have a microstructure related description of the mechanical properties and of
their anisotropy .

The first step in the modelling is to describe the average properties .
Using the self consistent approach we have therefore determined an average Taylor's
factor for the crystallographic texture which has allowed us to estimate the value of the
critical shear stress which would correspond to the observed yield stress .

The grain size effect for hard aluminium alloys is known to be a small
contribution to their strength (5). In our case we could estimate the contibution to the
resolved shear stress due to the grain size effect to 20 MPa . The solid solution
contribution to hardening is mainly due to Zn Cu and Mg . Using an empirical model due
to Noble (6) ,immediatly after quench when all the atoms are in solid solution , one wouid
find a contribution to the resolved shear stress of 2.3 MPa . We can therefore reasonably
consider that in our alloys the solid solution hardening is negligible .

The major contribution to hardening comes therefore from the

precipitation of the n',and cubic phases . As we know the volume fraction and the size of
the precipitates, we can clearly show that the Orowan critical shear stress is much larger
than the observed values . As a consequence we can assume that the precipitates are
probably sheared . In Al Zn alloys, it is known that the hardening comes from misfitting
precipitates (7). in that case one expects a functional dependence in (f.Fi)1/2 {Where R
is the radius and f the volume fraction of the precipitates ). Performing this analysis on the
increasing part of our curve ( T4 and T6 heat treatments ), we find that the hardening
indeed behaves as R1/2 and would correspond to a misfit of 3.5 % which is comparable
to the one associated with GP zones in Al Zn (but somewhat larger, 1.5% in Al Zn binary

alloys ) .The slight decrease of the CRSS for longer ageing times comes from the
transition to the cubic phases.

3)The physical causes for the anisotropy of the mechanical properties

The non relaxed internal stresses coming from the processing contribute
to a value of less than 15 MPa as can be checked by a Baushinger test .

If one considers the alloy with the T7 heat treatment (i. e. the overaged
alloy ), the anisotropy that one computes from the self consistent elastoplastic model is in
good agreement with the experimental one.

If one considers now the underaged states, the anisotropy is much larger
than the one expected from the texture effects and the discrepancy is the larger for the
shortest heat treatments . We can explain qualitatively this discrepancy remarking that
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the precipitation itself shows an anisotropy as can be seen from the electron diffraction
patterns : the diffraction pattern does not present the 6 fold symetry as far as intensity are
concerned which means that the precipitates are not evenly distributed on equivalent
matrix habit planes .The physical reason for this symetry breakdown can be explained as.
follows : while quench occurs, some thermal stresses develop which leads to a triaxial
state of traction inside the bar (8) . This traction stress is above the yield stress and leads
to a plastification and therefore to the proliferation of dislocations . When the heat
treatment is subsequently made the precipitates which have a misfit with the aluminium
matrix will precipitate preferentially on those quench dislocations. As a consequence the
various families of precipitates will not be equivalent (which explains the lack of
rotationnal symetry in the intensity of the diffraction patterns ) and the precipitation
hardening is going to be anisotropic . This amounts to have enhanced the anisotropy due
to texture because the precipitates will appear preferentially on the planes which have
yielded during the quench . The net effect can be seen as an extra large effective work
hardening resulting from this predeformation due to the quench . This idea can therefore
explain the high anisotropy of the underaged states . When the ageing sequence lasts
longer some coarsening of the precipitates will take place which will tend to reduce the
anisotropy of the precipitation and that will be especially true when the transition to the
non coherent cubic phase has taken place . As a consequence the diffraction patiern
becomes more 6 fold symmetric and the anisotropy can then be completely explained
from the texture as can be seen in the TY heat treatment.

Conclusions

We have shown in this paper how a detailed and quantitative study of the
microstructural characteritics of an industrial alloy (Osprey 7000 series ) can be used to
rationalize the observed mechanical properties . The conceptual tools necessary to tullill
this program have been the use of standard physical metallurgy models coupled with a
self consistent elastoplastic model . It is the belief of the authors that such methods can
be useful not only to predict the static mechanical properties of the alloys, but also as an
aid to designing improved processing routes in the conception of hard aluminium alloys .
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