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Cast, coarse-grained Al-Sc alloys are interesting candidates for high temperature, creep-
resistant applications due to the formation of a high number density of nanometer sized 
Al3Sc precipitates [1]. Upon addition of Yb to Al-Sc alloys, Yb replaces the Sc forming 
Al3(Sc1-xYbx) precipitates (L12 structure) [2]. The resulting alloys have higher creep 
resistance due to the larger lattice parameter mismatch between the matrix and precipitate 
phases as a result of the substitution of Yb for Sc. The precipitates in Al-Sc-Yb alloys 
form rapidly at 300˚C and the coarsening kinetics are not slowed when compared with 
binary Al-Sc alloys [3]. Additions of Zr to Al-Sc alloys do, however, retard the 
coarsening kinetics of the Al3(Sc1-xZrx) precipitates [4]. In the present study, Zr is added 
to an Al-Sc-Yb alloy. The compositions of the alloys studied are Al-0.06Sc-0.02Yb-
0.02Zr (at.%) and Al-0.06Sc-0.02Yb-0.005Zr (at.%). 
 
It is found that addition of Zr to Al-Sc-Yb alloys retards the formation of precipitates. 
This is demonstrated by the longer incubation time (Fig. 1). The sequence of precipitation 
is altered with the addition of Zr. Instead of the Yb precipitating first as is the case for Al-
Sc-Yb alloys [2], the Yb and Sc precipitate simultaneously in the Al-Sc-Yb-Zr alloys. 
After 15 minutes of aging at 300˚C, clusters of Yb and Sc are visible in an atom-probe 
tomographic reconstruction of the Al-0.06Sc-0.02Yb-0.005Zr alloy (Fig. 2). At long 
aging times, up to 64 days, the coarsening kinetics of the precipitates remain fairly slow, 
as demonstrated by the retention of microhardness (Fig. 1). This is comparable to Al-Sc-
Zr alloys which retain their microhardness as well. In contrast, Al-Sc-Yb alloys begin to 
lose microhardness after 24 h. 
 
The creep properties of the Al-Sc-Yb-Zr alloys are measured at 300˚C. High stress 
exponents indicate threshold stresses for both of the Al-Sc-Yb-Zr alloys. The creep 
resistance of these alloys is similar to that of Al-Sc-Yb alloys (Fig. 3). A recent model 
proposes that there is an effect of lattice parameter mismatch on the threshold stress [5]. 
The lattice parameter mismatches for the Al-Sc-Zr and Al-Sc-Yb alloys at 300˚C are 
0.9% and 3.4%, respectively. Addition of Zr to the Al-Sc-Yb alloy only reduces the 
lattice parameter mismatch by 0.2%. Al-Sc-Yb and Al-Sc-Yb-Zr alloys have higher 
lattice parameter mismatches and hence higher threshold stress values than Al-Sc-Zr [6, 
7]. 
 
[1] Royset, J. and N. Ryum, Int. Mater. Rev., 50 (2005) 1. 
[2] Van Dalen, M.E., et al., J. Mater. Sci., 41 (2006) 7814. 
[3] Marquis, E.A. and D.N. Seidman, Acta Mater., 49 (2001) 1909. 

1618 CD
DOI: 10.1017/S143192760707479X Copyright 2007 Microscopy Society of America

Microsc Microanal 13(Suppl 2), 2007



[4] Fuller, C.B. and D.N. Seidman, Acta Mater., 53 (2005) 5415. 
[5] Marquis, E.A. and D.C. Dunand, Scripta Mater., 47 (2002) 503. 
[6] Fuller, C.B., et al., Acta Mater., 51 (2003) 4803. 
[7] This research was supported by the United States Department of Energy through 

grant DE-FG02-98ER45721. Atom-probe tomographic measurements were 
performed at the Northwestern University Center for Atom-Probe Tomography 
(NUCAPT), using a LEAP tomograph purchased with funding from the NSF-
MRI (DMR-0420532, Dr. Charles Bouldin monitor) and ONR-DURIP (N00014-
0400798, Dr. Julie Christodoulou monitor) programs. 

 

 
FIG 1. Vickers microhardness vs. aging 
time at 300˚C for four different Al-Sc-
based alloys [2, 6]. 

 
FIG 3. Minimum strain rate vs. applied 
stress for two Al-Sc-Yb-Zr alloys 
compared with an Al-Sc-Yb alloy and an 
Al-Sc-Zr alloy [6] for creep at 300˚C.

 

 
 
FIG 2. Local-electrode atom-probe tomographic data set displaying (a) Sc and (b) Yb 
atoms for an Al-0.06Sc-0.02Yb-0.005Zr specimen aged for 15 minutes at 300˚C. Data set 
contains 2.5 million atoms. Dimensions: 50 x 50 x 34 nm3. 
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