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Texture evolution of Al-Mg-Li aeronautical alloys in in-situ tension
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Abstract: Texture evolution in extruded and hot-rolled Al-Mg-Li aeronautical alloys during in-situ tension was investigated by using elec-
tron backscattered diffraction (EBSD). A field emission scanning electron microscope (FE-SEM) and a MICROTEST-5000 tensile stage
were used to carry out in-situ tension tests and observations. The crystallographic texture of the extruded sample changed from weak cube
texture {001}<100> to texture {018}<081> during tension fracture. However, strong Brass {110}<112> in the hot-rolled sample was modi-
fied into a mixture texture component of Brass {110}<112>and S {123}<634> during tension fracture. Texture evolution in the two samples

during tension can be explained by the rotation of grain orientation.
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1. Introduction

Due to the excellent properties of low density, high spe-
cific strength, and high specific stiffness [1], as well as their
good low-temperature performance, corrosion resistance,
and outstanding super plastic performance [2-3], Al-Li al-
loys have become the most ideal low-density and high-
strength structural material that is applicable for aeronautical
industries and aerospace structural components such as
fuel-storage cells [4].

As a widely used Al-Li alloy, Al-Mg-Li is characterized
by a high elastic modulus and low density. Like other Al-Li
alloys, after casting, the alloy is subjected to a considerable
plastic deformation via extrusion or rolling at high tempera-
ture and subsequent heat treatment. These processes lead to
the formation of some degree of crystallographic and mor-
phological texture, which results in a considerable anisot-
ropy of mechanical properties [5-6]. One possible reason is
a higher degree of crystallographic texture and in particular
a strong Brass {110}<112> component [7-8]. In addition to
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the strong crystallographic texture, the interaction between
the particular precipitation and the crystallographic texture
should be considered [9-10].

Texture analysis is powerful in investigating the micro-
structural evolution of materials after deformation and an-
nealing. It provides information about the processing history
of the materials. Ref. [8] shows that the presence of Li is not
intrinsically responsible for the development of strong Brass
components, and that the deformation temperature has a
major influence on texture development. Texture evolution
during accumulative roll bonding of Al-Li alloy is investi-
gated up to three passes, the texture components after the
first pass cannot be characterized as the ideal shear texture
components and the decrease of texture intensity along with
the evolution of ideal FCC rolling texture components can
be correlated well with the additional strain imposed during
subsequent deformation [11].

Although numerous papers dealing with textures in Al-Li
alloys have been published since the late 1980s, the anisot-
ropy of mechanical properties due to texture evolution
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seems to be well understood [4-14], and texture evolution of
fracture has not been well explored and still should be in-
vestigated further [15]. It would greatly contribute to the
understanding and control of texture-induced directionality
of stretch formability, which is known to be of significant
concern in forming operations and structural design.

Textures of Al-Mg-Li alloys for some aeronautical and
aerospace structural components could be changed during
service and then lead to fracture or failure. In this research,

texture evolution in extruded samples and hot-rolled sam-
ples was studied by using electron backscattered diffraction
(EBSD) and an in-situ tensile stage, which is installed in
field emission scanning electron microscopy (FE-SEM).

2. Experimental

Samples used in this experiment are 1420 extruded rods
supplied by Southwest Aluminum Group Co., Ltd. of China
and the chemical composition is shown in Table 1.

Table 1. Chemical composition of 1420 alloy
Mg/ wt% Li/ wt% Zr | wt% Si/wt%  Fe/wt% Cu/wt%  Ti/wt% Na/wt% H/em’per100g  Al/wt%
5.25 2.13 0.11 0.025 0.08 0.005 <0.01 0.0005 0.53 Bal.

The samples were separated into two groups, one for heat
treatment and the other for hot-rolling. On the one hand, the
heat treatment process for the first group is as follows:
firstly, the samples were held at 450°C for 20 h for homog-
enization treatment, then transferred to a salt-bath furnace
for the solution treatment at 460°C for 45 min, and finally
carried out aging treatment at 120°C for 12 h. On the other
hand, for the second hot-rolled samples, they were hot rolled
into 10 mm thick sheets at a rolling temperature of 460°C
and a thickness reduction of 50% every pass.

The samples were machined to the final shape for in-situ
tensile test as shown in Fig. 1. For the hot-rolled samples,
the long edge is along the rolling direction. All tensile sam-
ples were ground and polished and finally etched on a Gatan
682 ion etching machine for EBSD mapping.
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Fig. 1. Shape of tension samples.

The specimens were fixed on a MICROTEST-5000 ten-
sile stage, which is installed in a Zeiss SUPRAS5 FE-SEM
to carry out in-situ tensile testing. Fig. 2 schematically
shows the in-situ tensile stage in a vacuum chamber of a
SEM. The tension speed was set at 0.005 mm-s~'. With the
tensile load rising, microcracks appeared and grew gradually,
which lead to fracture of specimens finally.

EBSD samples were cut from the right area of tension
specimens. EBSD tests were performed in a Zeiss SU-
PRASS FE-SEM with HKL channel 5 with an acceleration

voltage of 20 kV, a working distance of 23.6 mm, an aper-
ture diameter of 60 um, and a vacuum under 5x10~ Pa.
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Fig.2. Schematic diagram of an in-situ tensile stage in SEM.

3. Results

3.1. Texture evolution of extruded samples

Fig. 3 gives the pole figures of the {100}, {110}, and
{111} planes from different areas of the extruded samples.
In Fig. 3(a), an apparent black region in the centre of the
{100} pole figure is observed, which indicates that the {100}
planes have a sizable distribution density in the unstretched
area. However, the orientation concentration region in the
{110} and {111} pole figures is not observed, which indi-
cates that the {110} and {111} planes are weak texture
compared with the {100} planes. Therefore, it shows that,
before tension, the {100} planes of most grains are parallel
to X,0Y,, which is the macroscopic surface of the sample.

In Fig. 3(b), much more black regions in the {100} polar
figure of the stretched area are observed. At the same time,
compared with the {100} polar figure of the unstretched
area, the black regions are not only in the centre but also
disperse throughout the figure in the {100} polar figure.
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Fig. 3. Pole figures of extruded samples: (a) unstretched area; (b) stretched area.

Furthermore, the black regions in the {110} and {111} polar
figures are also observed, which indicates that the grain ori-
entation changes after tension and the base-plane {100}
texture disappears. Comparing the {100} polar figure of
stretched area with the standard {001} polar figure of cubic
crystals, it could be concluded the existing of the approxi-
mate {001}<100> texture after tension.

To clarify the change of grain orientation during tension,
the orientation distribution function (ODF) graph of the
stretched area using the HKL EBSD post-processing soft-
ware is shown in Fig. 4. From Fig. 4, Euler angles are cal-
culated and some important orientation information in the
stretched area is obtained; some textures as follows:
{014}<041>, {160}<610>, and {018}<081>. Therefore, the
{104}, {106}, and {108} polar figures of the stretched area
are shown in Fig. 5. It shows that the grain orientation has a
tendency of concentrating towards the central, top, and
down, and lateral poles. Comparing the polar figure with the
standard {001} polar figure of cubic crystals, it is found that
there exists the {018}<081> texture that is approximate to
the {001}<100> texture in the stretched area.

3.2. Texture evolution of hot-rolled sheets

Fig. 6 gives the polar figures of the {100}, {110}, and
{111} planes from different areas of the hot-rolled samples,
respectively. In Fig. 6(a), as the black spots concentrate on
particular positions, it shows that the polar figures of the

hot-rolled samples have a strong regularity. Comparing the
{110} polar figure in Fig. 6(a) with the standard {110} polar
figure of cubic crystals, the Brass {110}<112> texture is
found in the sample. After hot rolling, the Brass texture
formed in the sample results in the {110} plane being paral-
lel to the roll plane, i.e., the sample’s X,0Y, plane, but the
<112> parallel to the rolling direction, i.e., the X, direction.

In Fig. 6(b), an obvious change of the Brass texture
{110}<112> in the stretched area is not observed, and it in-
dicates that the Brass texture is strong under this rolling
condition.

ODF series sections are used to verify the texture in the
stretched and unstressed areas. Fig. 7 shows the ODF of the
hot-rolled sheets in the unstretched (Fig. 7(a)) and stretched
areas (Fig. 7(b)). By comparing with the standards and
computing the Euler angles, it is found that the texture ex-
isting in the unstretched area is {110}<112>, and the texture
in the stretched area is {110}<112> and {123}<634>, indi-
cating that there comes the texture S {123}<634> in the
stretched area.

4. Discussion

For an extruded sample, before tension, the base-plane
{100} of grains is parallel to X,0Y, (Fig. 8), which is the
macroscopic surface of the sample. Fig. 8 shows the sche-
matic program of grain orientation before tension, where X
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Fig. 4. ODF of the stretched area in extruded samples.
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Fig. 5. Pole figures of the stretched area in extruded samples.
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Fig. 7. ODF of hot-rolled sheets in the unstretched area (a) and the stretched area (b).

is parallel to the stretching direction and Z; is parallel to the
normal direction of the sample surface. However, the grain
distribution of the X direction is not exactly the same as that
of the Y, direction. Inverse polar figures (IPF) of different

areas are shown in Fig. 9.

From Figs. 9(a) and 9(b), before tension, the normal di-
rection of most grains’ {001} planes is parallel to the Z axis,
but it is parallel to the Y axis after tension. It indicates that
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Fig. 8. Schematic program of grain orientation before tension
(Xo-stretching direction).
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the grains rotate around the [001] and [010] zone axis in the
tension process, respectively. As a result, the {001} planes
of most grains are perpendicular to the Y axis and exhibit a
certain angle with the X and Z, axes. Fig. 10 illustrates the
rotation of grain orientation in the tension process (Figs.
10(a) and 10(b)) and after the tension (Figs. 10(c) and 10(d)).
Due to insufficient rotation around the [010] zone axis, the

grains obtain the orientation that is approximate to the
{001}<100> texture.

Fig. 9. IPF of different zones in the extruded sample: (a) unstretched area and (b) stretched area.
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Fig. 10. Rotations of grain orientation in the tension process
((a) and (b)) and after the tension ((c) and (d)) (X,-stretching
direction).

Generally, under the condition of relatively large rolling
deformation, some strong deformation textures including the
Brass texture {110}<112>, S texture {123}<634>, copper
texture {112}<111>, cube texture {100}<001>, and Goss
texture {110}<001> [16] will be formed in cubic materials.
Strong textures cannot be changed obviously in the tension
process. For hot-rolled sheet samples in this study, strong

Brass {110}<112> was modified into a mixture texture
component of Brass {110}<112> and S {123}<634> in ten-
sion fracture.

In fact, calculation results from the ODF graphs show
that, in the unstretched area, the Euler angles, a type of tex-
ture, are 58.4°, 31.5°, and 65.0°, respectively, somewhat ap-
proximating to the S texture. By comparison, the Euler an-
gles of the texture in the stretched area are 58.0°, 35.5°, and
65.0°, which are more approximate to those of S texture of
60.0°, 35.0°, and 65.0°. It indicated that there exists S tex-
ture in the stretched area. Therefore, for hot-rolled sheets,
due to a bigger rolling deformation, most grains in the
stretched area rotate 4.0° more than those in the unstretched
area during the tension process.

5. Conclusions

(1) The crystallographic texture of extruded samples was
changed from weak cube texture {001}<100> to texture
{018} <081> in tension fracture.

(2) Strong Brass texture {110}<112> in hot-rolled sam-
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ples was modified into a mixture texture component of
Brass {110}<112>and S {123}<634> in tension fracture.

(3) Texture evolution in the two samples in tension could
result from the rotation of grain orientation.
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