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ABSTRACT

The effect of double-aging on the microstructure and mechanical properties of a RS/ PM Al-Li alloy has

been investigated. The results show that the ductility of the alloy can be greatly improved by the treatment of

prior-aging at 170 C for 4 h and second-step aging at 190 C for 18 h after solid solutioning. The formation of a

large amount of composite precipitates (AILi3 / Al3(Li,Zr)) with suitable size, narrowing of &’ (AlsLi)

precipitate-free zone (PFZ) at grain boundaries and more dispersive precipitation of S’ (ALCuMg)

for the

phases along are
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of the ductility of the studied alloy.

rapid solidification double-aging

1 INTRODUCTION

It is well known that Al-Li based alloys
have low plasticity corresponding to higher

mechanical properties of one kind of Al-Li—
Cu—Mg—Zr alloy prepared using multistep
rapid solidification (MS—RS) processing, and
to find the optimum microstructure mode and

doubl

strength. The plasticity and h of Al-
Li as-cast alloys have been greatly improved by
prior cold deformation—step aging treatment
after solid solutioning' ™. But this kind of
treatment is not suitable for the Al-Li alloys

using rapid -powders
metallurgy processing(RS / PM) because most
RS / PM Al-Li alloy products are in the form
of forging and extrudates. In order to improve
the plasticity and toughness of these kind of al-
loys, some work has been done by kim ez af*l.
They found double-aging treatment benefited
the plasticity and toughness of the alloys and
suggested that the improvement in ductility
was correlated to the formation of more com-
posite precipitates (AI3Li/ Al3 (Li,Zr)). The
purpose of this study was to investigate the ef-
fect of double-aging on the microstructure and

to the

ging p ing cor

superior plasticity of this alloy.

2 MATERIALS AND EXPERIME]
PROCEDURE

The studied alloy was prepared from the
foil shape powders obtained using MS—RS te-
chnique. The RS powders were cold com-
pacted, vacuum degassed and pressed at 470
C, then extruded into bars at 400 C . The
composition of the alloy is as follows (wt.
=%):

Li* {€Gu Mg Zr .Fe Si Al
252 1.60 122 020 0.12 0.80 bal

The extrudates were solution treated at
525 C for 40 min in an argon atmosphere, and
cold water quenched. In order to investigate
the effect of aging processing on the
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Fig.7 Micrograph of the martensites at 183 K

(a) needlelike  (b) platelike martensites

(2) The lattice of the R phase may be re-
ferred to a hexagonal unit cell of a=0.736 nm,
©¢=0.521 nm, and the relative orientation of
the B, and R phases are

T 1/ (1010) {1111, // [0001

(ll())”Z 1 (1010) ,[1111, 1/ [0001]

(3) The R transformation is a first-order
transformation and the R phase is not a pre-
martensitic phase, which is associated with the
two-way shape memory effect.
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same total aging time, double-aging can pro-
duce more S phases and a larger amount of
AlsLi/ Als(Li, Zr) composite precipitates in
which the core is Al3(Li,Zr) and is surrounded
by & (AlsLi) phase'®®. In addition, the width
of &' precipitate-free zone (PFZ) at grain boun-
daries in double-aged alloys is narrower than
in single-aged alloys. Actually, a great number
of composite precipitates had formed during
prior-aging at 170 T for 4 h (Fig. 3a), but
those particles were not easily observed becau-
se of their small size. For convenient compar-
ison, some characteristics for microstructures
of the alloy under different treatment condi-
tions are summarized in Table 2.

4 DISCUSSION

4.1 The Effect of Double-aging on the Forma-
tion of Composite Precipitates (ALi/
Al3(Li, Zr)) and the Width of PFZ

Table2 Comparison of the microstructure characteristics of
the alloys after different treatment

Average Half PFZ Amount of Amount

Aging &Size  Width Composite - of §’
/nm  /nm  Precipitates Phases
190C,6h 15 a7 minor  alittle
190C,20h 20 84 minor _ minor
170 /4h+ large Z
woc/s2n M 38, R
10T /4t o o large  large
190C /18h amount  amount
10T /abt oy 5 large  large
190T /30h amount _amount
In the literature most mechanisms for the
of the have

that the amount of composite precipitates in
aged alloys was more than that in as-quenched

-alloys. Furthermore, the formation of compo-

site precipitates also depended on the aging

All of this indi that ABZr
dispersoids are not the sole nucleation sites for
the formation of composite precipitates. Kim
et alVsuggested that diffusion of Li and clus-
tered Zr plays an important role during the
formation of comaposite precipitates at certain
aging temperatures. At present, the details of
the mechanism is not clear but may be attri-
buted to the existence of Zr clusters in solution
treated alloy. When the alloy is aged at a suit-
able temperature (such as 170 C), this kind of
cluster interacts with Li atoms to form
Al3(Li,Zr)-type precursors with increasing ag-
ing time and/or temperature composite
AliLi / A3(Li,Zr) precipitated and could be
observed under TEM. The present study sho-
wed that when the alloy experienced 170 T, 4
h prior-aging followed by second-step aging at
190 C the amount of composite precipitates
obviously increased. Although ‘the results of
microstructure observation are confirmed, a

more precise explanation of this phenomenon
is hard to be given yet due to lack of relevant
thermodynamic data, and more detailed stud-
ies need to be done in the future.

In addition, the authors also suggested
that composite precipitates Al3Li / Als (Li,Zr)
be more stable than those &' particles which
directly precipitated from the matrix. During

suggested that &’ (AI3Li) phases inhomogeneo-
usly p along ABZr di ids. Be-
cause of the similarity in structure of ALZr
and ADLi, these pre-existing dispersoids sho-
uld be the most favorable nucleation sites for
the precipitation of & phase. It seems the qu-
antity and distribution of composite precipi-
tates depend on that of AlZr particles. How-
ever, the results from Fig. 2b and Fig. 4c show

the d-step aging for double-aged alloys,
the widening of PFZ at grain boundaries was
difficult due to the formation of many stable
composite precipitates at the prior-aging stage.
But for single-aged alloys at 190 T, with in-
creasing aging time, the substable &' particles
along grain boundaries were easy to dissolve,
and equilibrium phases occurred, finally lead-
ing to a widening of PFZ at grain boupdaries
terribly.
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Fig.2 Microstructure of solution treated alloy

(a)—grains and substructures; (b)—Al3Zr particles and dislocation loops

Fig.3 Precipitate characteristics of the alloy aged at 170 C for 4 h
(a)—DF image of precipitates in the matrix; (b)—S’ (ALCuMg) phases on subgrain boundaries

4.2 The Ef/eft of Double-aging on the Precip-
itation of S’ (Al2CuMg) Phases

In RS/PM Al-Li alloys, apart from
finer grains, there are a large amount of su-
bstructures, such as subgrain boundaries, dis-
locations, etc., which are favorable sites for
the precipitation of S’ phases, so more S’
phases can be expected to occur without ther-
i How-
ever, the precipitation of S’ phases has a incu-
bation period, and the incubation time, de-
pends on aging With the i

daries and dislocations), the diffusion of Cu
and Mg atoms should be accelerated by the
interaction between the free vacancies and Cu
and Mg atoms,and led to rich content of Cu
and Mg near the defects, which promoted the
precipitation of S phases[ . The adapting of
double aging the diffusion rate of free vacan-
cies at the prior-aging stage became slow, i. e.,
”the ability” of Cu and Mg atoms to be carried
by free i thereby i i
the driving force for S’ precipitation. There-
fore, double-aging treatment is beneficial to S’
phases it

of aging time, ¢ particles formed and coar-
sened, and the vacancies bounded by Li atoms
were released. When these free vacancies mov-
ed to the defects (such as surface, grain boun-

4.3 The Effect of Double-aging on the Plasti-
city of the Alloy

In the aged Al-Li alloys, the particle size
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Fig. 5 Microstructure of the alloy with different second-step aging time at 190 C after prior-aged at 170 C for 4 h
(@), (b)—2hi (¢), (d)—18 h;
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of &' phase depends on the behaviour of the
i ion between the disl, and &' par-
ticles during the deformation of the alloys'®.
For single over-aged alloys, coarse ¢’ particles
(average diameter was greater than 15 nm)
made the dislocations bypass them, and a gre-
at amount of §' phases dispersively precipitat-
ed. These factors weakened the coplane slip
and led to more homogeneous deformation.
However, more equilibrium phases occurred
and PFZ greatly developed at grain bounda-
ries. At this condition, the deformation could
preferentially occur within the soft PFZ and
strain localization led to microvoids around
equilibrium phases, finally resulting in low
plasticity fracture along PFZ. The results com-
prehensively acted by the two kinds of con-
tradictory factors mentioned above made the
plasticity of single over-aged alloy rise slightly
again, but it was still low. Table 2 shows that
suitable double-aging (such as 170 C, 4 h+190
C, 18 h) not only kept &’ particle size the same
as that of single-aged (190 C, 20 h) alloy, but
also greatly increased the amount of S’ precipi-
tates and narrowed the width of PFZ at grain
boundaries. In patrticular, double-aging pro-

moted the formation of a large amount of

composite particles A3Li/ Als (Li,Zr), which
are hard to be sheared by dislocations due to
their hard core and higher boundary energies,
which also weakened the coplane slip. Com-

bining all above, it is generalized that double-
aging can promote the formation of beneficial
microstructures and prohibit the development
of detrimental microstructures, leading to the
improvement of the ductility of the alloy.

5 CONCLUSIONS

(1) Double-aging treatment can signifi-
cantly improve the plasticity of RS / PM Al—
Li alloy. In the present work the optimum do-
uble-aging processing is prior-aging at 170 C
for 4 h followed by second-step aging at 190 T
for 18 h;

(2) A large amount of composite precipi-
tates (AlLi/ Al(Li.Zr) with suitable size,
narrowing of ¢ precipitate-free zone(PFZ) at
grain boundaries and more dispersive precipi-
tation of S’ (Al2CuMg) phases along substru-
ctures are mainly responsible for the improve-
ment of the plasticity of the alloy.
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