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The effect of trace additions of tellurium on oxidation 
and some other properties of aluminium-lithium 
base alloys 
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Alloys of various chemical compositions with and without tellurium (Te) have been prepared 
in this research. Several types of tests were carried out, namely, tensile, ageing (hardness 
versus ageing time), erosion-corrosion, and oxidation, in addition to the evaluation of 
oxidation resistance by thermal shock. X-ray diffraction was also used to analyse the 
oxidation scales built on the samples. The microstructures of the alloys and oxides have 
been studied as well. It was found that the addition of small amounts (0.2 and 0.4 wt %) of Te 
led to drastic increases in oxidation resistance compared to the corresponding Te free alloy 
at both testing temperatures (300 and 500 ~ The great increase in resistance to 
environmental attack displayed by Te containing alloys was due to impediment of the 
interaction of Li with oxygen and enhancement of oxide plasticity and adhesion. Oxides 
grown on Te containing alloys remained intact when subjected to thermal shock. Te 
containing alloys also showed a great improvement in corrosion-erosion resistance 
compared to the other investigated Te free alloy. It was also noticed that Te enhanced the 
ductility of the base alloys themselves. 

1. Introduction 
One of the important application field of A1 based 
alloys is the aerospace industry. Recently, a great 
attraction to these alloys has taken place due to prin- 
cipal improvements in their strength, toughness, 
thermal stability, as well as density. These improve- 
ments are achieved by production techniques and by 
the addition of lithium and other alloying elements. 
Aluminium alloys containing around 2 wt % lithium 
offer an attractive combination of mechanical proper- 
ties, reduced density and increased elastic modulus 
[1-10]. However, some properties of A1-Li alloys 
may require substantial improvement. An important 
example of such a property is the high tendency of 
A1-Li alloys to oxidate [11-15], since Li additions 
exacerbate high temperature oxidation very much. 
This excessive reactivity can cause problems at all 
stages of processing and fabrication, particularly for 
thin alloy sections where the effects of Li depletion and 
intergranular oxidation are more severe; hence Li may 
diffuse to the surface and react with the atmosphere 
[14, 15]. 

Solution heat treatments are an integral part of the 
processing cycle of all age-hardening alloys, and all 
AI-Li alloys are age-hardenable. Rapid oxidation dur- 
ing the processing may lead to degradation of some 
properties [,12-15]. As an example, oxidation in- 
creases with increasing percentage of Li in the alloy 
when the other conditions are the same [,12, 14-1~7]. 
Previous work has shown that these alloys undergo 

rapid oxidation at solution heat treatment tempera- 
tures [,13 15]. 

Some workers also reported that trace element ad- 
ditions of (Be, Ca, Bi) known to inhibit oxidation in 
certain aluminium alloys do not reduce oxidation in 
A1-Li alloys. Previous works [7, 16] have shown that 
substantial lithium loss may occur during solution 
treatment, and that this loss may result in a deteriora- 
tion of mechanical properties near the surface 
[-7, 12, 16]. The effect of germanium addition on the 
precipitation and deformation behaviours of A1-2% 
Li alloys has been studied by some workers [2, 3], and 
oxidation by others [-11]. 

The present investigation is devoted to studying the 
influence of trace additions of Te on some properties 
of A1-Li based alloys, such as oxidation, erosion-cor- 
rosion, age-hardening, tensile and thermal shocks. 

2. Experimental procedure 
Alloys were prepared by casting in a steel mould 
under a controlled atmosphere in a specially designed 
apparatus. The chemical composition of the alloys is 
shown in Table I. 

The alloys were homogenized at 550~ 18 h. 
Samples were then hot rolled up to 80% reduction. 
Samples of dimensions 100 x 20 x 2 mm were pre- 
pared. The solution heat treatment was for 1 h at 
550~ The ageing temperature was 190~ for all 
samples. Tensile specimens were chosen at peak 
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TAB L E I Chemical composition of the alloys (wt %) a 

Alloy code Li Cu Mg Zr Te 

V 0.0 4.0 0.0 0.2 0.0 
W 2.0 1.0 2.0 0.2 0.0 
X 2.0 1.0 2.0 0,2 0.2 
Y 2.0 1.0 2.0 0.2 0.4 

Balance is A1. 
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Figure 1 Block diagram of dry air oxidation system. 

Figure 2 Block diagram of erosion-corrosion system. 
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Figure 3 Hardness versus ageing time of alloy V. 
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hardness conditions. Specimens were rectangular and 
prepared according to BS: 18 Part 1, 1970. Three to 
four samples were tested in each case and the average 
values of elongation, tensile strength and yield 
strength were evaluated. 

Microstructural studies were performed by optical 
microscopy (OM) and transmission electron micro- 
scopy (TEM) (Philips EM 301) at an operating voltage 
of 100kV. Specimens for oxidation were cut from 
solution heat treated materials, then ground at finest 
silicon carbide paper (No. 1000). The oxidation test 
was carried out in dry air at 300 and 500 ~ for 60 h. 
Specimens were put in the furnace after reaching the 
required temperature. A P t -P t /Rd  thermocouple was 
put near the sample to measure the temperature accu- 
rately. The weight change was recorded to an accu- 
racy of 0.1 mg (Fig. 1). The thermal shock test was 
conducted at two oxidation temperatures and after 
two periods of 50 and 60 h. The weight of each sample 
was initially recorded, then the sample was quickly 
removed from the furnace and allowed to cool to 
room temperature and then returned back to the fur- 
nace. Weight loss, if any, indicates the occurrence of 
spalling. 

X-ray diffraction and scanning electron microscopy 
(SEM) were used to study the nature and topography 
of the oxides found on the specimens. The diffraction 
patterns were recorded using CuK~ radiation. The 
operating parameters were 40 kV, 20 m A .  

In the erosion-corrosion test, samples were sub- 
jected to a jet of tap water at room temperature, 
Fig. 2. Weight losses were recorded after various 
exposure times. The weight loss per unit area and 
the weight loss per unit area per unit time were 
calculated. 
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Figure 4 Hardness versus ageing time of alloys W and X. 
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3. Results and discussion 
3.1. Therma l  and mechan ica l  behaviour 
In the lithium free alloy (V), the variation of hardness 
with ageing time at 190~ is shown in Fig. 3. It has 
been noticed that the substitution of 75% of Cu con- 
tent by 2% Li and 2% Mg leads to an increase in the 
peak hardness and the time required to reach this 
point, Fig. 4. This means better thermal stabilities and 
mechanical properties, since the tensile strength of 
alloy W (lithium containing alloy) is higher than that 
of alloy V and the ductility of both alloys is the same 
(12%), as in Fig. 5 and 6. 

There is no doubt that the density of alloy W de- 
creased as the density of Li and Mg is 0.53 and 
1.74 g cm-  3 respectively. The decrease in density is an 
essential demand in aircraft alloys. 
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Figure 5 Stress strain curve of alloy V. 
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Figure 6 Stress strain curve of alloy W. 

Figure 8 TEM image of a relatively large number of precipitates in 
Te free alloy at peak conditions ( x 43 000). 
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Figure 7 Stress strain curve of alloy X. 

The addition of 0.2 wt % Te to allow W, producing 
alloy X, leads to a small decrease in the peak hardness 
value compared to alloy W. However, the rate of 
hardness decrease, after the peak, is lower in alloy 
X than in W, so that the two hardness values of both 
alloys are equal after 28 h. This indicates that the 
thermal stability of alloy X is even better than in W. 
Moreover, an improvement in ductility of the Te con- 
taining alloy (X) by 15% has been observed compared 
to that of alloy W (12%) under the same conditions 
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Figure 9 TEM image of a relatively low number of precipitates in 
Te containing alloy at peak conditions ( x 43 000). 

(Figs 6 and 7). As a result, it has been found from the 
areas under the two curves (Figs 6 and 7), that the 
toughness of alloy X is higher than that of alloy W, 
which is another desirable property in aircraft indus- 
tries. This may due to the effect of Te in the expansion 
of the lattice parameter of aluminium, and in turn 
decreases the stresses produced around the precipi- 
tates (stress relaxation during the precipitation pro- 
cess, as in the case of germanium addition [18]). This 
also leads to a relatively low amount of precipitation 
(Figs 8 and 9), and then lower hardness and strength 
to some extent. Due to this effect Te seems to encour- 
age grain growth of the alloy (Fig. 10). 

The other most probable mechanism of the Te role 
is that Te atoms may entrap Li atoms. As a result the 
concentration of Li atoms will be kept constant 
throughout surface layers, as well as in the interior of 
the sample, as indicated by microhardness measure- 
ments (Fig. 11). 

Electron microscopy of specimens from the solution 
treated and overaged Te free alloy (W) revealed a nar- 
row band relatively depleted of precipitates at the 
surface (Fig. 12), which also indicated the presence of 



Figure 10 OM image showing the effect of Te on grain growth for 
three alloys ( x 400): (a) alloy W, (b) alloy X, and (c) alloy Y. 
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Figure 11 Hardness versus distance from surface of alloy X (solu- 
tion treated). 

a solute depleted surface layer. This depletion of Li 
atoms from the surface is due to their high diffusivity 
and affinity to interact with atmospheric oxygen, 
which leads to hardness deterioration of the surface 
(Fig. 13). The entrapment of Li atoms by Te atoms 

Figure 12 TEM image of depleted surface layer of alloy W 
( x 10 000). 
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Figure 13 Hardness versus distance from surface of alloy W (solu- 
tion treated). 

450 

E 
E 
z 
v 

40O 

350 

300 

250 

20O 

150 

IO0 

5O 

0 I 
0.00 0.02 

I l I I I i 
0.04 0.06 0.08 0.10 0.12 0.14 0.16 

Strain 

Figure 14 Stress strain curve of alloy Y. 

also impedes the precipitation process. A further in- 
crease of the Te percentage to 0.4 wt % (alloy Y) causes 
a decrease in tensile strength, hardness and ductility 
relative to alloy X (0.2% Te) (Figs 4, 7, 14, and 15). 

3.2. Oxidation behaviour 
A significant loss of Li from the surface layer during 
solution treatment of AI-Li based alloys was observed 

779 



140 

120 

:~ 100 

,- 80 

.c 60 
O3 

O 40 

20 

0 
0 

! I / I I 

5 10 15 20 25 

Ageing time (h) 

Figure 15 Hardness versus ageing time of alloy Y. 
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Figure 16 Oxidation behaviour of alloys V, W, X and Y at 300 ~ in 
addition to thermal shocks at 50 and 60 h. 
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Figure 17 Oxidation behaviour of alloys V, W, X and Y at 500 ~ in 
addition to thermal shocks at 50 and 60 h. 

Figure 18 SEM image of cracking and spalling of oxide formed on 
alloy V due tO thermal stresses at 500 ~ ( x 100). 

in the present as well as in other works [-13, 14, 19]. 
The extent of the soft layer ( ~ 100 gm) in the Te free 
alloy was consistent with results in [13] and [20]. 
However, it is not shown in 0.2% Te containing alloy 
(X), Fig. 11. This could give an indication that Te 
atoms i.e. up Li atoms and impede them from interac- 
tion with atmospheric oxygen as well as other ele- 
ments in the alloy, resulting in low oxidation and 
precipitation. It is shown from Figs 16 and 17 that the 
oxidation of alloy V decreases as the temperature 
increases. This is due to the increase in alumina 
(A1203) content of the scale as oxidation temperature 
increases, as indicated by X-ray diffractometry. This is 
because, thermodynamically, the ability of aluminium 
in reducing the other oxides increases as temperature 
increases [21, 22]. Aluminium behaves similarly, in 
some other alloys [23]. In spite of the weight gain of 
alloy, V is low, but the oxide built on is brittle and of 
poor adhesion; it cracked and spalled when subjected 
to thermal stresses, Fig. 18. This is in agreement with 
other workers, results [11, 24]. However, cracking of 
the oxide brings the surface of alloy to direct attack of 
harsh environments which accelerates the attack. 
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The results of weight gain for alloy W, the Li con- 
taining alloy, are shown in Fig. 16 at 300~ The 
shape of the curve is similar to that of alloy V, the Li 
free alloy, but the amount of oxidation in W is higher 
by more than 400% in the present work, which was 
also predicted by others 1-12, 14, 15]. 

At an oxidation temperature of 500 ~ the behav- 
iour of alloy W is different from that of V. The curve 
for alloy V has zero slope and could not be distin- 
guished from the abscissa, as can be seen in Fig. 17. 
The introduction of Li (alloy W) results in a different 
oxidation behaviour, since the weight gain increases 
with time in a parabolic form. This means that the 
produced oxide film is porous and unprotective. In 
addition, the oxide layer does not withstand against 
thermal shocks at 50 and 60 h. The sharp weight loss 
that appears means cracking and spalling have taken 
place, Figs 17 and 19. The spalling was not detected at 
300 ~ oxidation test. This could be explained by the 
fact that the oxide layer is too thin and hence more 
adhesive and protective compared to that produced at 
500 ~ as is indicated by the smaller amount of weight 
gain in addition to its stability within less than 1 h. 



Figure 19 SEM image of cracking and spalling of oxide formed on 
alloy W due to thermal stresses at 500 ~ ( x 200). 

X-ray diffraction studies show that the oxides pro- 
duced at 300 ~ are Li2Co3, (x-LisA104 and y-LiA102, 
in addition to alumina (A12Oa). Alumina, however, 
disappears at higher temperature (500~ but the 
other oxides are present. This may explain the change 
in the behaviour of alloy W at 500 ~ and also the 
differences between alloys V and W at 300~ and 
500 ~ This result agrees with other workers [12, 13, 
151 as well. 

The addition of 0.2 and 0.4 wt % Te to alloy W, to 
produce alloys X and Y, respectively, substantially 
reduced the weight gain at 300 ~ Fig. 16. The weight 
gain of these two alloys stabilized within 30 min and 
4 h, respectively. The weight gain in alloy Y, with 
0.4 wt % Te, is even lower than that of lithium free 
aluminium alloy, V. This means that the role of Te in 
the prevention of oxidation in A1 Li based alloys is 
very vital, since Li as well as Mg increase the oxida- 
tion in A1 based alloys [12, 14, 15]. The weight gain 
was lower than in case of alloy W (Te free alloy) by 
more than 300% in alloys Y and X. 

In a previous study, Field et al. [15] reported that 
under dry air in the 500 and 525 ~ temperature range, 
7-LiA102 is the predominant oxide phase on the 
A1-2.7 wt % Li. The present results, however, indicate 
that the dominating reaction product is Li2CO3. This 
is in agreement with Ahmad [13] working on the 
commercial A1-2.5% Li-1.4% Cu-0.65% Mg-0.14% 
Zr alloy oxidized in air at 530 ~ and at atmospheric 
pressure. 

The oxidation process is accelerated very much at 
high temperature (500 ~ in alloys W, X and Y. But 
still the weight gain in alloys X and Y is smaller than 
that in the corresponding alloy V by about 30% and 
30 h oxidation. The effectiveness of 0.4 and 0.2% Te is 
more or less similar at 500~ Fig. 17. The other 
noticed phenomenon of Te is the stability of weight 
gain at 500 ~ after approximately 52 h for both alloys 
X and Y. This means that the oxides become non- 
porous and protective. Quantitative analysis of X-ray 
diffraction, at 500 ~ shows that Li and Te present in 
the scales of X and Y alloys and the type of oxides in 
both alloys are the same. 

It was previously found [111 that Ge has some role 
in inhibiting oxidation in AI-Li based alloys up to 

Figure 20 SEM image showing no cracking or spalling due to 
thermal shocks on oxides formed on alloy X at 500 ~ ( x 500). 
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Figure 21 Effects of alloying elements on weight loss due to cor- 
rosion erosion at room temperature. 

400 ~ On the contrary, the addition of 0.2 wt % Ge 
accelerates oxidation at 500~ by about 12% after 
oxidation for 30 h, beside its limitation is reducing the 
oxidation at less than 500 ~ compared to 0.2 wt % Te 
addition. 

The oxide layer on alloys X and Y remains sound and 
unaffected by thermal shock, Fig. 20. It can be  there- 
fore concluded that the enhancement of oxide plasticity 
and adhesion is attributed to the Te effect. This improve- 
ment can be explained by the decrease of vacancies at 
the oxidr interface and by modifications of the 
diffusivity and solubility of alloying elements. 
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Figure 22 SEM image showing effect of exposure to water jet on 
alloy X after 25 h at room temperature ( x 1500). 

Figure 23 SEM image showing effect of exposure to water jet on 
alloy Y after 25 h at room temperature ( x 1500). 
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Figure 24 Effects of alloying elements on weight loss rate at room 
temperature. 

3.3 Corrosion-erosion 
The weight losses per unit area per unit time were 
plotted, in time test, against the exposure time. They 
were generally similar to the behaviour of some other 
alloys [-25, 26]. A significant improvement is also ob- 
served in the corrosion-erosion resistance of alloys 
X and Y (Figs 21-25). The resistance to corrosion-  
erosion for alloy X increased by 600 and 2300% rela- 
tive to alloys W (Te free alloy) and V (Li free alloy) 
respectively. Whereas the increase in corrosion-ero-  
sion resistance for alloy Y over that of alloys W and 
V was 900 and 3390%, respectively. 

In addition to the rate of weight loss reached steady 
state faster in X and Y, Te containing, alloys than the 
other alloys, V and W. The improvement in cor- 
rosion-erosion resistance means improvement in 
plasticity and adhesion of oxide scale. 

4. Conclusions 
1. A great improvement in oxidation resistance 

took place in X and Y alloys due to trace additions of 
Te, which were more than 300 and 30% at 300 and 
500 ~ respectively. 
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Figure 25 SEM image showing effect of exposure to water jet on 
alloy W after 25 h at room temperature ( x 1500). 

2. The addition of 0.4 % Te (alloy Y) decreased oxi- 
dation at 300 ~ even lower than Li free alloy, V; but 
its effect was not far away from 0.2 % Te addition, 
particularly at higher temperature (500~ and for 
longer time. 

3. Te additions (alloy X and Y) greatly increased 
the resistance of oxide (100%) to cracking and spalling 
during thermal shock. 



4. The oxidation rate of alloy V (Li free alloy) 
decreased as temperature increased. Whereas the oxi- 
dation rate of alloys W, X and Y increased as tempera- 
ture increased. 

5. Erosion-corrosion resistance of alloys X and 
Y were much higher than those of alloys V and W; this 
means ttiat plasticity and adhesion of the oxide are 
improved. 

6. During solution heat treatment of alloy W a soft 
surface layer was developed due to the selective oxida- 
tion of lithium. This layer does not appear in Te 
containing alloys. 

7. X-ray diffraction analysis of the oxides formed 
on alloy W revealed the presence of A1203, Li2CO3, 
~-LisA104 and y-LiA102 at 300 ~ whereas alumina 
disappeared at 500 ~ 

8. None of the oxides were detected by X-ray dif- 
fractometry in Te containing alloys (X and Y) at 
300 ~ whereas at 500 ~ all the above oxides were 
detected. 

9. The predominant oxide in W, X and Y at 500 ~ 
was Li2CO3. 

10. The addition of 0.2wt % Te (alloy X) increased 
the ductility by 25% over the corresponding alloy 
W (Te free alloy) and decreased the strength by less 
than 8%, i.e. increased the toughness. 

11. Thermal stability of alloy X (0.2 % Te) was better 
than in the case of alloys V, W or even Y (0.4% Te). 
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