
Author’s Accepted Manuscript

Role of silicon in the precipitation kinetics of dilute
Al-Sc-Er-Zr alloys

Nhon Q. Vo, David C. Dunand, David N. Seidman

PII: S0921-5093(16)31146-7
DOI: http://dx.doi.org/10.1016/j.msea.2016.09.065
Reference: MSA34150

To appear in: Materials Science & Engineering A

Received date: 25 July 2016
Revised date: 15 September 2016
Accepted date: 16 September 2016

Cite this article as: Nhon Q. Vo, David C. Dunand and David N. Seidman, Role
of silicon in the precipitation kinetics of dilute Al-Sc-Er-Zr alloys, Materials
Science & Engineering A, http://dx.doi.org/10.1016/j.msea.2016.09.065

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
http://dx.doi.org/10.1016/j.msea.2016.09.065
http://dx.doi.org/10.1016/j.msea.2016.09.065


1 | P a g e  
 

Role of silicon in the precipitation kinetics of dilute Al-Sc-Er-Zr alloys  

 

Nhon Q. Vo
a,c

, David C. Dunand
a,c

, David N. Seidman
a,b,c

 
a 
Department of Materials Science and Engineering 

b 
Northwestern University Center for Atom-Probe Tomography 

Northwestern University, Evanston, IL 60208 U.S.A. 
c 
NanoAl LLC, Skokie, IL 60077 U.S.A. 

 

Abstract 

The precipitate nanostructure and the strength of an Al-0.055Sc-0.005Er-0.02Zr at.% alloy with 

Si additions, in the range 0-0.18 at.%, were investigated utilizing micro-hardness, electrical 

conductivity, scanning electron microscopy and atom-probe tomography techniques. Si-

containing alloys are cost-effective due to the existence of Si in commercial purity Al. In all 

studied alloys, homogenization for at least 0.5 h at 640 
o
C is needed to eliminate Al3Er primary 

precipitates. Alloys containing the higher Si concentrations achieve higher microhardness by 

increasing the heterogeneous nucleation current of (Al,Si)3(Sc,Zr,Er) precipitates. The alloy 

containing 0.18 at.% Si achieves an 60 % improvement in peak-microhardness compared to the 

Si-free alloy, during isothermal aging at 400 ºC. Silicon additions reduce the peak-aging time in 

the temperature range 300-400 
o
C, indicating that the Er and Sc diffusion kinetics are 

accelerated. Silicon also enhance the Zr diffusion kinetics, accelerating precipitate growth during 

aging at 300 
o
C and precipitate coarsening at 400 

o
C. Addition of Si modifies the concentration 

profiles within the nanoprecipitates, enhancing the chemical homogeneity of Sc and Er in their 

cores, rather than forming Er-enriched-cores/Sc-enriched-shells that we have observed in prior 

research. Finally, the microhardness of the alloys, containing 0.12 and 0.18 at.% Si, only 

diminishes slightly from the peak values after isothermal aging at 375 ºC for about 2000 h, 

suggesting that the studied alloys can be practically utilized at this operating temperature. (225 

words) 
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