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Abstract  Low concentration additions of silver to Al-Cu-Mg alloys can lead to the formation of  platelike 
precipitates, designated n ,  is formed on { 11 1 ] planes. Although the morphology of these precipitates has 
been extensively studied, little information exists about the chemistry of the n precipitates, and in particular, 
about local elemental segregation. 
In this paper we report the results obtained in a series of experiments carried out in the Oxford atom probe 
laboratory on the microchemistry of both n and 8' precipitates in an Al-Cu-Mg-Ag alloy. The n precipitates 
are found to be richer in magnesium and silver than the e' precipitates, but are found to have a lower copper 
content. Studies of coherent interfaces of then  precipitates suggest that there is no preferential segregation of 
magnesium or silver to these interfaces. 

1 - INTRODUCTION. 

It has been known for some time that the addition of low concentrations of silver to Al-Cu-Mg alloys can result in an 
increased hardening on ageing between 150 and 250°C ( I ,  2). It has also been shown that on ageing silver-containing 
alloys with high copper to magnesium ratios a fine distribution of platelike precipitates is formed on { 11 1) planes, and 
it is conjectured that it is these precipitates which lead to the increased hardness of the alloys (3). This precipitated 
phase has been designated n by Chester and Polmear (4), and Polmear and Cooper (5) have recently described how Al- 
Cu-Mg alloys with compositions in the a+ e +S or a+ e regions of the phase diagmm can be modified by addition of 
silver to give alloys which contain strengthening distributions of both n and e'. These precipitated phases are easily 
distinguished in transmission electron microscope images because the well-known 8' phase forms preferentially as large 
plates on { 1001 planes (6, 7). Wrought aluminium alloys containing about 6% Cu, 0.5% Mg and 0.5% Ag can have 
an excellent range of mechanical and electrical properties as a result of the presence of these phases (5). 

The structure of the n phase has been the subject of some discussion, but Knowles and Stobbs (8) have concluded on 
the basis of very detailed high resolution electron microscopy (HREM) and electron diffraction experiments that the 
phase has a face centred orthorhombic structure with a = 0.496nm, b = 0.859nm and c = 0.848nm. This structure is 
very similar to that proposed earlier by Auld (9, lo), and can be considered as  a slight distortion of the AlzCu ephase 
formed in overaged AI-Cu alloys. These n precipitates are almost coherent with the aluminium matrix in the { 11 1) 
planes but are heavily misfitting in the [I 1 I] directions, and so grow as large but very thin plates on the { 11 1 ] planes. 

However, while the structure of the n phase is now well established, its composition is only poorly characterised. It 
has been generally assumed that these precipitates must contain both silver and magnesium, and Taylor et a1 (I 1) have 
suggested that they nucleate as Mg3Ag Guinier Preston (GP) zones and grow by the collection of copper and aluminium 
atoms to attain an overall stoichiometry of approximately A12Cu. More recently Cousland and Tate (12) identified only 
GP zones of nominal composition MgAg in the early stages of decomposition of AI-Mg-Ag alloys, (although by 
analogy with data obtained by atom probe niicroanalysis on the composition of GP zones in AI-Cu and Al-Zn-Mg alloys 
(13, 14) it seems likely that the zones also contain significant amounts of aluminium). Muddle and Polmear (15) have 
used Energy Dispersive X-ray analysis (EDX) to study the composition of relatively large n precipitates, and observe 
silver in all cases but magnesium only when the experiment is carried out in a Scanning Electron Microscope on 
precipitates revealed by etching away the surrounding aluminium matrix. They suggest that n contains as  much as 
28at% Cu with much lower levels of silver and with no definite conclusions reached as to the magnesium content, but 
emphasise that it is difficult to obtain quantitative data on precipitate composition in a conventional EDX experiment. 
In addition, these authors show that silver may segregate to the interface between the n phase and the matrix, and 
gnalyse the 0' precipitates to contain neither silver nor magnesium. 

In this paper we report the results obtained in a series of experiments carried out in the Oxford atom probe laboratory on 
the microchemistry of both n and 8' precipitates in an Al-Cu-Mg-Ag alloy. 
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2 - UXPURIMENTAL DETAILS. 

An alloy of composition Al4% Cu, 0.3% Mg, 0.4%Ag by weight was solution treated at 520°C followed by quenching 
and ageing at 170°C for 24 hours. This treatment produces a very fine distribution of n precipitates with some 8' 
particles as well (4). Specimens for Field Ion Microscope (FIM)/atom probe experiments were prepared by 
electropolishing in the standard solutions for aluminium alloys. These specimens were examined in the Oxford FIM 
100 atom probe. Further information on the procedures that have to be followed successfully to image and analyse FIM 
specimens of aluminium alloys are presented in an earlier publication (13). 

3 - RESULTS. 

Figure 1 presents a FIM micrograph of the heat treated alloy formed in argon at approximately 60K. Two kinds of 
brightly imaging precipitates are visible, e' and n Then precipitates are smaller and appear brighter in the image, the 8' 
larger and less bright because they have an effective voltage in excess of the best image voltage. The precipitates appear 
as long rows of bright spots, thus implying that we are looking along the edge of the disc-shaped precipitates. As 
copper and silver are expected to image brightly in Al, these precipitates must be rich in at least one of these two solute 
elements. As magnesium does not image brightly in Al(16), no conclusions concerning the segregation of magnesium 
can be made from the FIM images. 

The POSAP has proved to be a valuable tool in evaluating the three dimensional microchemistry of the two types of 
precipitates in this alloy. Figure 2(a) presents a POSAP copper distribution map from a typical 8' precipitate. The 
geometry of the precipitate is similar to that observed in the FIM image in Figure 1, and the three dimensional 
morphology and orientation of the precipitate can be clearly identified in the plan view and cross-sectional images. The 
overall composition of this precipitate is 77.5*lat% Al, 21.9+2at% Cu, 0.2+0.2at% Mg and 0.410.2at% Ag. The 
magnesium and silver contents of the e' precipitates are not in excess of the alloy composition, and the s precipitates 
have a composition approaching CuAI2. Figure 2(b) presents a cross-sectional POSAP solute distribution map from 
this precipitate. There is no evidence of magnesium or silver segregation to the coherent precipitatdmatrix interfaces. 

Figure 3 presents POSAP data from an n precipitate, with Figures 3(a), 3(b) and 4(c) showing the plan view 
distribution maps of copper, magnesium and silver. The precipitate geometry is similar to that observed in the FIM 
image shown in Figure 1. The overall composition of the n precipitate is 85+lat% Al, 13*2at% Cu, 1*0.2at% Mgand 
1+0.2at% Ag. Figure 4 presents a cross-sectional POSAP solute distribution map from this precipitate. No evidence 
of segregation of magnesium or silver to the coherent precipitatehnatrix interfaces was found. 

In this study we have investigated the composition and morphology of some thirty e' and nprecipitates. In all cases 
the precipitate compositions fell in a narrow range around the figures quoted above. The average composition of the 8' 
precipitates was 77.8*1at% AI, 21.3*5at% Cu, 0.4f0.2at% Mg and 0.5+0.2at% Ag while the average composition for 
the Rparticles was 85.2+lat% Al, 12.343at% Cu, 1.4+0.5at% Mg and l.lf0.3at% Ag. We therefore conclude that 
these compositions can be taken to be characteristic of these two precipitate types at this stage of annealing in this alloy. 

4 - DISCUSSION. 

The present work has shown that wand n precipitates can co-exist in an alloy of composition Al 4% Cu, 0.3% Mg, 
0.4%Ag by weight after ageing at 170°C for 24 hours. The compositional information obtained from POSAP analysis 
of @ precipitates in this alloy shows no partitioning of silver or magnesium, which is in agreement with EDX studies 
(1 5). The composition as determined by POSAP analyses is approaching CuA12, as expected (17, 18). 

The composition of the a phase is of importance, and as discussed previously, poorly characterised. This study has 
found the composition of these precipitates to be 85at% Al, 13at% Cu, lat% Mg and ]at% Ag, showing that they are 
richer in magnesium and silver than the e'precipitates, but contain less copper. The copper content as measured in the 
present study is less that the 28at% reported by Muddle and Polmear (15). Their results were obtained using EDX 
techniques, and it is difficult to quantitatively determine precipitate compositions using conventional EDX techniques. 
The values for the magnesium and silver concentrations represent the first quantitative measurements of these solute 
contents in n precipitates. No conclusive evidence for magnesium or silver-rich precursor zones to the n precipitates 
was found. 

The question of interfacial segregation of magnesium and silver with respect to Wand nprecipitates still remains. 
Muddle and Polmear (15) showed that silver may segregate to the interface between the n precipitate and the matrix. In 
the present work, no evidence for segregation of magnesium or silver to interfaces of wand n precipitates was 
identified. It is important to note, however, that the POSAP data shown relate only to the coherent interfaces of the 
precipitates. Work is presently underway to evaluate the segregation at the semi-coherent interfaces. The POSAP 
provides a unique opportunity to study sych problems since three-dimensional data are readily obtained. 

5 - CONCLUSIONS. 

The POSAP has shown to be a valuable tool in the analysis of O> and n precipitates in an Al-Cu-Mg-Ag alloy by 
providing three-dimensional atomic scale compositional information. The e'precipitates were found to be close to 



CuAI2 with no significant enhancement of magnesium or silver content. The n precipitates contained less copper and 
much higher magnesium (lat%) and silver contents (lat%) than the sphase. The magnesium and copper were evenly 
distributed in the precipitates; no segregation to the coherent matrix/precipitate interfaces or conclusive evidence for 
solute rich precursor zones was found. 
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Figure 2: POSAP Cu distribution map from a 0' precipitate in an AI-Cu-Mg-Ag alloy. (a) plan view 
and (b) cross-sectional maps from the same precipitate. 



Figure 3a: POSAP Cu distribution map from an Figure 3b: POSAP Mg distribution map from an 
n precipitate. The diameter o f  the image is n precipitate. The diameter of  the image is 
approximately 20nm. approximately 20nm. 

Figure 3c: POSAP Ag distribution map from an Figure 4: Cross-sectional POSAP solute 
0 precipitate. The diameter of  the image is distribution map from the n precipitate shown in 
approximately 20nm. Figure 3. 


