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Abstract - We analysed A1-Li based alloys by means of atom-probe. The 
influence of parameters such as the tip temperature and the pulse 
fraction on the apparent composition were investigated for an 
A1-2.7at%Li alloy and for an Al-7.5at%Li-1.2at%Cu alloy. A ternary 
A1-3.5wt%Li-3.6wt%Mg alloy aged 24h at 190'C was studied. Atom-probe 
results point out the presence of Mg in the 6' phase. 

I - INTRODUCTION 
The A1-Li based alloys have been intensively studied in the past 

few years as light weight and high modulus aerospace materials. A few 
atom-probe investigations have been reported /I/, 2 The ability of 
performing quantitative A.P. analyses of A1-Li based alloys was discussed at 
the last OSAKA IFES and is still an open question. The aim of this paper is 
to contribute to clarify this problem and to determine the best analysis 
conditions. 

As A1-Li alloys decompose at room temperature .for Li content 
higher than 5 at%, we investigated the influence of the tip temperature and 
of the pulse fraction on the apparent lithium concentration in an 
A1-2.7at%Li alloy. Then we subsequently analysed an Al-Li-Cu alloy with 
higher Li content 7.5 at% and an Al-Li-Mg alloy with 6' precipitates. 

I1 - EXPERIMENTAL 
The FIM specimen were prepared by anodic electropolishing at 

5-7 volts DC in a solution of 2/3 methanol and 1/3 nitric acid cooled at 
-40°C with a circulation of the electrolyte produced by the same system as 
the one developed for titanium specimen preparation /3/. 

The atom-probe used in this study is a conventional one described 
elsewhere /4/, 5 FIM images were observed at 20K with pure Neon as 
imaging gas. Atom-probe analyses were performed in a good vacuum of 2.10-lo 
Torr at temperatures between 20K and 80K with a pulse ratio of 0.1 to 0.2 
and a pulse repetition rate of 40Hz. 

I11 - RESULTS AND DISCUSSION 
A1-2.7at%Li 

Fig. 1 shows a mass spectrum of an A1-2.7at%Li alloy obtained at 
20K with a 20 % pulse fraction. The aluminium is detected in a proportion 
of 90 % as singly charged ions. The lithium level for this analysis is 
3.1 at%. 

Fig. 2 summarizes the results obtained over 12 samples and 150 000 
ions in different temperature and pulse ratio conditions. The error bars are 
taken as one standard deviation. This figure exhibits a clear dependence of 
the apparent lithium concentration with respect to the temperature. The 
observed concentration decreases as temperature increases. The dependence on 
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pulse fraction is more complex. At 20K no clear dependence appears while the 
lithium level decreases with the pulse fraction for 30K and 40K. The dashed 
line corresponds to the nominal concentration 2.7 %. This composition is 
only obtained for 30K and a pulse ratio between 15 % and 20 %. In fact, two 
phenomena interfere : the preferential evaporation of lithium atoms enhanced 
at higher temperature and the "pile up" effects for aluminium more prononced 
at low temperature because of a burst field evaporation behaviour. 

"Pile upw effects were first investigated by TSONG et a1 /6/ who 
assumed that the number of ions per pulse follows a Poisson distribution. 
This implies the evaporation of atoms to be a time randomly distributed 
process which is generally not the case. More recently CEREZO et a1 / 7 /  
developed a statistical correction without making any prior assumption as to 
the distribution of ions per pulse. They calculated from a multinomial 
distribution the theoretical probabilities of events when "pile up" occurs 
and corrected the apparent concentrations. In a similar way we use a very 
simple method the advantage of which is to make use of an experimental data 
i.e. the observed double events ratio kd /8/ with kd = Nd/N, where Nd is the 
number of observed double events and N, the total number of detected ions. 
This method gives a first order correction and can be extended to a triple 
events correction. 

Considering a spectrum with n peaks the relative abundance of 
which is Pi and assuming a chemically desordered coevaporation process (well 
suited for a randomly distributed solid solution), the proportion of ii type 

n 

real double events is 1 Pf while the proportion of ij type double events 
i = 1 

is 1 - 5 P:. If a11 the ii type double events are considered as giving a 
i = l  

pile up effect, the lost double events ratio T writes : 

while the partial ratio of lost double events for a species x 
existing in the spectrum with n, peaks is : 



Fig. 1 - Atom-probe mass spectrum of an A1-2.7at%Li alloy. 

Fig. 2 - Apparent lithium composition as a function of 
temperature for three pulse fractions. 
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Then using the experimental value kd, the corrected concentrations 
C' are deeuced from the observed concentrations C' : 

for low concentration species the second term is negligible which 
gives : 

With kd = 3 %, (a typical value in our experiments), and T = 3.3 
calculated from the peaks distribution of Fig. 1, the apparent concentration 
which is predicted is C = 2.97 %. In fact the shift may be slightly larger 
taking in account a second order correction with the triple events. 

Al-Li-Cu 

Table 1 gives the results obtained at different temperatures with 
a 20 % pulse ratio for a specimen of Al-Li-Cu alloy. 

nominal 91.3 
composition 

Table 1.- Observed compositions as a function of temperature 

The results are in reasonable agrement for 20K with the nominal 
composition while the lithium level is more than a factor 2 too low for 80K. 

Al-Li-Mq 

We analysed samples of an A1-3.5wt%Li-3.6wt%Mg homogenised then 
aged for 24h at 190'C. This treatment leads to spherical 6' precipitates the 
size of which ranges between 300 A and 600 A. The atom-probe analyses were 
performed at 20K with a 20 % pulse fraction. As shown in Fig. 3 the 
magnesium is detected as doubly charged ions. 

The concentration profiles of Fig. 4 correspond to the crossing of 
two 6' precipitates. The lithium level reaches 17.5 at% in these particles. 
These profiles also point out the presence of magnesium in the 6' 
precipitates which, until now, was a question of controversy. Table 2 gives 
the matrix and precipitate compositions we obtained, the error bars are 
taken as one standard deviation. 

matrix 191.5 f 0.31 6.3 t 0.312.2 t 0.2 
precipitates177.6 + 0.5117.5 + 0.514.9 + 0.3 

Table 2.- Matrix and precipitates compositions 



Fig. 3 - Atom-probe mass spectrum of an Al-3.5wt%Li-3.6wt%Mg alloy. 

Fig. 4 - Concentration profiles of an A1-3.5wt%Li-3.6wt%Mg aged 
24h at 190°C. 

According to the A1-Li phase diagram as suggested by Gayle and 
Vandersande /9/, the lithium content in 6' precipitates at 190°C is 
22.5 at%. Assuming that the magnesium atoms occupy the lithium sites in the 
L1, ordered structure (which is a reasonable assumption because the same 
A13 Mg structure exists for the binary A1-Mg) our results agree well with 
this value. Of course the addition of a third element can modify the 
solubility limits so that we cannot be certain we actually obtained the 
right lithium level. 
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CONCLUSION 

Our results demonstrate the feasibility of quantitative analyses 
for low content A1-Li alloys (up to 8 at%). The best experimental conditions 
are : a good vacuum <3.10-'O Torr, a low temperature between 20K and 30K and 
a pulse fraction greater than 15 %. At present the possibility to perform 
quantitative analyses of 6' precipitates is not completely proved, further 
experiments are needed to conclude on that point. 

During our analyses the best results were obtained at higher 
evaporation rate whatever the other parameters were. This is certainly a 
crucial parameter. Our experiments were performed at an average ion rate 
between 0.02 ion per pulse and 0.03 ion per pulse. In fact for this problem 
the important parameter is not this average ion number per pulse (which 
depends on the analysis area) but the actual time which is required for a 
layer to be desorbed. The preferential evaporation rate is directly related 
to the life time of atoms at DC field. In order to minimize preferential 
field evaporation effects this life time has to be much larger than the time 
required to get one layer. The shorter this latter is, the more reduced the 
preferential evaporation effects will be. 
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