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An as-cast Al–Li(2%)–Hf(1%) alloy was structurally and mechanically characterized; X-ray diffraction made it possible to detect the presence
of Li and Hf and to determine their effect on aluminum lattice parameter and formation of intermetallic precipitates. The crystalline quality of the
Al matrix was influenced by the Li distribution into the Al lattice. The full-width-at-half-maximum was used to determine the crystalline quality
of each part of the ingot. The solution of Li in the �-Al matrix decreased the Al lattice parameter and the Hf was found to be present as an
intermetallic precipitate, which improve the hardness of the as-cast alloy.

Keywords As-cast alloys; Al–Li–Hf alloy; Al structure; Cooling rate; Dendrites; Grain boundary; Heat treatment; High wave medium; Ingot;
Intermetallic; Mechanical properties; Metallic materials; Microhardness; Precipitates; Wedged chapped mold.

Introduction

Al–Li–Hf alloys offer a unique combination of
reduced density, increased elastic modulus, and high
strength, compared with those of conventional Al alloys.
The combination properties are especially attractive for
structural applications in the aerospace industry [1]. The
necessities of the development of new metallic materials for
applications in the production of pieces with requirements
of high quality and low density that can substitute to
the traditional alloys and also that present the same or
better mechanical proprieties is an important focus in the
modern metallurgical industry. The property improvements
of Al–Li base alloys have been achieved by allowing the
formation of complex precipitates such as Al3(LixHf1−x�
[2–4]. Al–1.2Li–1Hf alloy has been prepared by using
powder metallurgy [5], where they carried out treatments
for this alloy and observed a hardening response with good
mechanical properties.
Aluminum in combination with lithium is used to form

a basic alloy, to which is added one or more metals, in
smaller proportion to form a ternary alloy. The third element
has a function to increase the toughness of the Al–Li
base alloy. It has been also reported that the addition of
zirconium or titanium caused the refining of the grain size
and increase in mechanical properties; this is also attributed
to the corresponding aging treatment [6, 7].
In this work we analyze the structural characteristics of

as-cast Al–Li–Hf alloy along the ingot, and determined
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the Li, and Hf distribution. Additionally the hardness was
measured.

Materials and methods

Sample Preparation
A melt of Al–2%Li–1%Hf was prepared as follows: a

charge of 970g of ingot of Al alloy 356 was heated up
to 850�C in an electrical resistance furnace. Then, 10g
of flakes of Hf were plunged into the melt, followed by
mechanical stirring. Subsequently; the molten alloy was
allowed to reach a temperature of 700�C. After this, the
same procedure was carried out for lithium addition (23g).
Then, the temperature was increased up to 850�C for 5min.
The alloy melt was cast in rectangular mould wedge-shaped
copper. Previously, three thermocouples were mounted at
2.5 cm from the top to the end (see Fig. 1). The copper
mould was placed on a copper chill, cooled by a flow
of water flow at room temperature, as shown in Fig. 1.
The cooling conditions were 2Lmin−1 water flow. Three
thermocouples of chromel–alumel (K-type) were placed
at intervals of 25mm along the axis from the chill end
to the top of the mold. Immediately after pouring the
temperature from all the thermocouples was measured
using an ERS SR630 thermocouple monitor and data
recorder (Stanford Research System, Sunnyvale, CA) using
a Microsoft QuickBasic (Redmond, WA) computer program
designed for this purpose, thereby obtaining cooling profiles
for the experiment [8].

Microhardness Measurements
The Vickers hardness was used to measure the

microhardness of the polished samples. The value reported
is an average of 30 measurements across the surface of the
sample.
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Figure 1.—(a) Wedged chapped mold of copper cooling by water. T1 = high
cooling zone (tip), T2 = medium cooling zone (central), T3 = lower cooling
zone (top). a = 10cm, b =11.6cm. (b) Shows the cut along the longitudinal
axis, divided to in two regions A and B that at the same time are divided into
sections.

X-Ray Diffraction
The X-ray diffraction patterns were taken using a

Siemmens Crystaloflex 5000 operating at 35kV, 15mA
with Cu-K� line. The experimental data to determine the
full-width-half-maximum (FWHM) was analyzed using a
Dataflex program. The x-pattern was used to study the
crystalline quality and also shift on the characteristic [111]
peak due to the inclusion of lithium [9, 10].

Scanning Electron Microscopy Analysis
The polished samples were examined using a

scanning electron microscopy system; Philips XL-30
(The Netherlands) under high vacuum (10−5 torr). The
samples were examined before any chemical treatment was
performed [11].

Results and discussions

Figure 2 shows the characteristic cooling curves of
the Al–Li–Hf, alloy, corresponding to the data collected
from three thermocouples located according to Fig. 1(a).
The parallel dash lines represent the solid-plus-liquid region.
It is possible to observe that the cooling process has different
temperature dependence as a function of the thermocouple
position. The highest cooling rate was found in the region
located at the end of ingot (T1). The intermediate cooling
rate was found to be at T2. The top ingot exhibits the
slower cooling rate (T3). It is well known that the cooling
rate affects the dendrite size and its distribution [12].
Additionally, is possible that these different cooling rates
affect the lithium and hafnium distribution along the ingot
that could produce changes in the structural characteristics
and mechanical properties.

Figure 2.—Cooling curves into ingot zones of the Al–Li–Hf alloy, during
pouring, solidification and cooling of the same. The superior dotted line, is
the solidification beginning zone, the inferior dotted line is the final zone of
solidification.

Figures 3(a) and (b) show the X-ray patterns of Al–Li–Hf
alloy. This figure shows the characteristic (111) plane of
�-Al in the range of 38�C to 39�C in the 2� scale for
a two set of samples labeled as section A and section B
(see Fig. 1(b)) which corresponds to 16 samples cut from the
ingot. The continuous lines in Figs. 3(a) and (b) correspond
to the [111] diffraction peak for Al. According to these
figures the chemical composition of each sample is different.
These chemical differences could be attributing to different
lithium and hafnium distributions and concentration along
the ingot and the role of the each one of these elements

Figure 3.—X-ray patterns of Al–Li–Hf alloy. This figure shows the
characteristic (111) direction of �-Al in the range of 38� to 39� in the 2� scale.
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Figure 4.—Plot of the (FWHM)−1 of the samples as a function of the ingot
position for samples from sections A and B.

into the Al structure that could produce important changes
in the structural characteristics and mechanical properties.
The fact that there exists a peak shift to high 2� is

indicative of a lattice parameter reduction. This behavior
can be associated with the fact that Li is incorporated into
the lattice as a substitutional atom; the peak shift does not
follow a trend as a function of the sample position, (from
of the end to the top). This can be associated with different
cooling rates as was showed in Fig. 2. An important point
in Figures 3(a) and (b), is related to the changes in the
full-width-at-half-medium that according to Rodriguez et al.
(2000) [13] and Curiel et al. (2005) [9] is directly associated
with the crystalline quality of the Al-rich phase. The FWHM
value (FWHM-1) is an indicative parameter to evaluate
the relative crystalline quality and also Li interaction with
Al-rich matrix.
Figure 4 shows the FWHM value of the samples shown

in Fig. 3 (sections A and B). In the central part of the ingot
(section B) the crystalline quality is around 20% higher that
in section A located in the external part of the ingot. The
central part of the ingot is better because the cooling rate
is lower, as we can see from Fig. 2. Standard techniques
of microcompositional analysis are not presently capable of
providing quantitative information about Li composition in
the �-Al-rich phase. Energy dispersive spectroscopy (EDS)
cannot detect the presence of Li in a sample (Levoy and
Vandersande [5]), since the energy of Li–K X-ray is below
the delectability limit of available windowless detectors, but
according to these results X-ray diffraction is a good tool
to study the crystalline quality of the alloy.
Figure 5 shows the 2� values for the peak of each one

of parts in which the ingot was divided as a function of
the sample position for samples from sections A and B.
As we showed in Fig. 3, the peak shift could be related
mainly to the Li entrance into the Al lattice, producing a
decrease of lattice parameter [9, 10]. It means that this shift
could reflect the distribution into the lattice, and it is a clear
that Li is into the Al lattice as a substitutional atom [14].
This figure shows then the Li distributions. According to

Figure 5.—Al lattice reduction of sections A and B as a function of position.

this figure, Li is mainly located at the central part of the
ingot. This figure is important because in this way, it is
possible to detect directly the content and its distribution.
The Li quantification can be solved, by using X-ray powder
or in the case of Fig. 2 by correcting the misaligning shift
of the peak position for Al (black triangle), taken pure Si
as reference.
Figure 6(a) shows the SEM images of the intermetallic

precipitate. Its shape is irregular of about 6µm and
composed mainly of Hf (72.42% relative) [15]. By using
SEM microanalysis it was not possible to determine
the Li concentration in the intermetallic precipitate.
Figure 6(b) shows a regular pyramidal precipitate with

Figure 6.—(a) SEM images of an intermetallic Hf precipitate located in
sample 6 region B. (b) Corresponds to the intermetallic precipitate located in
sample 6 region B.
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Figure 7.—Shows the Vickers hardness numbers of 16 samples from sections
A and B as a function of their position.

similar composition (size 12 × 9µm). The Hf precipitates
were found mainly in the central part of ingot; these
samples correspond to section B, positions 5 and 6. The
main function of these precipitates in the alloy could be to
increase the hardness alloy.
Figure 7 shows the Vickers hardnesses of 16 samples

from sections A and B (see Fig. 1(b)) as a function of
the ingot position. The hardness of this kind of alloy is
governed mainly by grain size, the precipitate presence and
its distribution. In this case, the samples with the highest
hardnesses are located in the central part of the ingot (region
B), and, according to Fig. 5, the Li concentration is lower
compared to that of region A. SEM images in all samples
shower a better distribution of hafnium in the central part of
the ingot. These results are in agreement with Fig. 2 because
the cooling rate is lower in the central part of the ingot
and, as is well known, this fact may improve the hardness,
due to the low diffusion of the alloy elements to formed
intermetallic precipitates. The size of the intermetallic
precipitates was found to be between 6 and 16µm. Levoy
and Vandersande [5] studied the Al–1.9Li–1.6Hfd alloy and
found that the grains are equiaxed in cross-section, with
average size on the order of 2.4µm. No second phase was
distinguished in the microstructure of the as-cast material,
indicating according to their results that Li and Hf are
retained in solution solid in the as-cast materials.

Conclusions

• Li is incorporated as a substitutional atom in the Al lattice.
This result confirms the observations of Donald et al.
[14]. This result is confirmed in Fig. 3.

• The crystalline quality of the ingot is higher in the central
part (region B) due to the lower cooling rate.

• SEM studies detected the Hf intermetallic precipitates
and according to the results shown in Fig. 7 its presence
improves the hardness of the alloy.

• According to the foregoing experiments, we have
established a new methodology to study the Li
distribution along the ingot. By studying the FWHM

of the characteristic [111] peak of Al phase using its
shiftment is possible to establish the Li distribution.
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