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Abstract: Internal friction (I.F.) and modulus measurements have been carried out as a function 
of temperature in order to study the Li mobility in an A1 - 8.1 at% Li - 0.03 at% Zr alloy. The 
results show that the sequence of 6' and 6 precipitation can be followed through the evolution of 
the internal friction spectra. Two peaks appear in the internal friction spectrum. The low 
temperature peak Pz (450 K), has associated a dynamic modulus defect, an activation energy of 
1.2 eV and the width of a Debye peak. The analysis of the behaviour of this relaxation allows us 
to identify the Pz peak with the Zener relaxation process. The relaxation parameters lead us to 
determine the activation energy and the diffusion coefficient of Li in Aluminium. 

1. INTRODUCTION 

Aluminium-Lithium alloys have shown to be very useful as alternative materials in aerospace industries. 
This capability has been achieved with quaternary Al-Li-Cu-Mg alloys. Nowadays, there exist commercial 
AI-Li alloys that fit appropriately important mechanical requirements [I]. It is know that mechanical 
properties are directly related to the microstructural state of the alloy, but the complexity of the precipitation 
processes that take place in these commercial alloys has lead us to begin with easier systems. Since Al-Cu 
[2-61 and AI-Mg [6-101 have been extensively studied, we have centred our attention in the Al-Li system 
where there exist very few works using anelastic techniques [ll-131. The microstructural evolution of 
these alloys could be described as follows (see [I41 for a review). After quenching, the solid solution a 
decomposes in the metastable and coherent 6' phase that nucleates homogeneously through the matrix. 
Subsequent ageing produces the precipitation growth but keeping the spherical shape on for very long 
ageing times. Finally this phase transforms to the stable 6 phase at low and high angle grain boundaries. 
Then, the sequence can be written as: a (S.S.S.) -+ a1 + 6' -+ a2 + 6. 
In this work, we have studied the precipitation of the binary Al-Li system through the evolution of the I.F. 
spectrum and the dynamical modulus change. 

2. EXPERIMENTAL PROCEDURE 

We have used an A1-2.25 wt%Li-0.1 wt%Zr alloy supplied by Pechiney as an extruded plate with the T3 
treatment. The samples were cut from this plate on 50 x 5 x 1 mnl plates perpendicular to the extrusion 
direction, solution treated at 530 O C  for 30 min in a salt bath and quenched into iced water. The samples 
were subsequently mechanically polished to eliminate an external layer 0.1 mm thick, because of the loss of 
lithium at the surface during the solution treatment [15]. 
The I.F. and resonance frequency measurements were carried out in an inverted torsion pendulum working 
at 1Hz 1161. The measurements were perfomled in the range 150 K to 640 K and the oscillating amplitude 
waschanged from 1 x to 7.5 x 10-5. The temperature rate was varied from 60 K/h to 180 K/h. The 
resonance frequency can be controlled changing the penduluni inertia or the sample thickness. 
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3. RESULTS AND DISCUSSION 

The LF. spectrum and square resonance frequency curve obtained after solid solution treatment is shown in 
figure 1. 

Figure 1: Temperature dependence of thc internal friction (0) and squared resonance frequency (x). 

The LF. curve shows the presence of two peaks superimposed to a high temperature background: A low 
temperature peak ( P,) at around 460 K and a high temperature peak (Pi) at around 540 K. The P, peak is 
associated with an increase in the modulus and the PI with an initial decrease followed by an increase in the 
modulus. In order to remove the background we have followed the method described by Nowick [17] and 
N6 [18]. Figure 2 shows the peaks obtained after background subtraction following this procedure, that are 
perfectly reproducible in different measurements r1.51.. 
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Figure 2: P, and PI pcaks obtained after background subtraction. 

To compare the influence of the microstructural state of the alloy on the internal friction spectrum we 
performed the same measurements successively without dismounting the sample from the pendulum. The 
difference between the first and second cycle can be seen in figure 3. The phases present and their 
distributions at the beginning of the second heating run are different from those in the first cycle due to the 
precipitation process that take place during the first heating run. 



Figure 3: Evolution of the I.F. spectra for three consecutive heating runs. 

In a previous work [19] we have shown that the relaxation strength of the Pz peak reduces when the 
precipitated 6' fraction increases and that the strength of the peak is sensitive to the texture of the sample. 
Besides, the P, relaxation has been shown to be amplitude independent 1151 indicating that the process has 
an activation volume of atomic size. This behaviour seems to indicate that this peak can be associated to an 
atomic process related to the solid solution of aluminium. 
The variation of the temperature of the peak maximum with the resonance frequency has led to an activation 
energy Ea = 1.2 5 0.1 eV and to a limiting relaxation time T,= 4.5 10-14 s (fig.3). The value of Ea 
corresponds to the activation energy of lithium diffusion through the Al lattice. Then, we expect that this 
relaxation is linked to Li diffusion. The relaxation time leads to the Li diffusion coefficient : D = 0.003 
exp(-1.2 eV/kT) cm2/s, which agrees with other results [IS]. 

Figure 4: Arrhcnius plol of the peak maximum data (In (w) versus l/kT) to obtain 
the activation energy (Ea) and the characteristic relaxation time (TO). 

The experimental characteristics of the P, peak allow us to identify this peak with the Zener relaxation due 
to the stress induced reorientation of Li-Li pairs. In this case the relaxation is expected to behave, in a first 
approximation [17], as a Debye peak, which is in agreement with our experimental results as it can be seen 
in figure 5. 
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Figure 5: Logarithmic decrement (6) during the second heating run versus 
1D (black dots) and Debye peak fitting (continuous linc) 

4. CONCLUSIONS 

The I.F. peak PZ occurring at around 460 K (-1Hz) has the activation energy, activation volume and 
relaxation time characteristic of Li diffusion in aluminium. Reduction in the number of Li-Li pairs 
(precipitation of 6') reduces relaxation strength. The peak shows the characteristics of a Debye peak. Then 
we conclude that the Li-Li Zener peak has been identified (PZ Peak) and characterised in A1-Li alloys. 
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