
Author’s Accepted Manuscript

Identification of the role of Al-Fe-Mn-Si large
casting dispersoids in age-hardenable aluminum
alloys using small angle X-ray scattering

S. Saimoto, M.A. Singh, M.R. Langille, A. Kula,
M. Niewczas

PII: S0921-5093(18)31019-0
DOI: https://doi.org/10.1016/j.msea.2018.07.085
Reference: MSA36749

To appear in: Materials Science & Engineering A

Received date: 16 March 2018
Revised date: 28 June 2018
Accepted date: 24 July 2018

Cite this article as: S. Saimoto, M.A. Singh, M.R. Langille, A. Kula and M.
Niewczas, Identification of the role of Al-Fe-Mn-Si large casting dispersoids in
age-hardenable aluminum alloys using small angle X-ray scattering, Materials
Science & Engineering A, https://doi.org/10.1016/j.msea.2018.07.085

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
https://doi.org/10.1016/j.msea.2018.07.085
https://doi.org/10.1016/j.msea.2018.07.085


1 
 

Identification of the role of Al-Fe-Mn-Si large casting dispersoids in age-hardenable 

aluminum alloys using small angle X-ray scattering 

S. Saimoto
a
, M. A. Singh

b
, M.R. Langille

a
, A. Kula

c
, and M. Niewczas

d
 

a
Mechanical & Materials Engineering, Queen’s University, Kingston, Canada, K7L3N6 

b
Physics, Engineering Physics & Astronomy, Queen’s University, Kingston, Canada, K7L3N6 

c
Faculty of Non-Ferrous Metals, AGH-University of Science and Technology, Cracow, PL. 30-

059 

d
Material Science and Engineering, McMaster University, Hamilton, ON, Canada L8S4M1 

Abstract 

Aluminum flat-stock incorporates large dispersoids to facilitate grain-size refinement upon 

casting and to prevent galling in downstream operation. Industrial-practice has reduced the 

deleterious effects of stringers and the focus for cost-effective Al-Mg-Si alloys has been the 

characterization of nano-precipitates to attain optimum strength conditions. Such studies record 

the presence of large intermetallic particles but their role during work-hardening is ignored. 

Constitutive relation analyses (CRA) which can replicate the stress-strain diagram have revealed 

that parabolic hardening beyond yield point elongation is due to these particles. At maximum 

matrix strengthening by artificial ageing, the enforced strains around these non-shearable µm-

sized particles are accommodated by rotated structures; that is, dislocation arrays leading to 

increased strain hardening. The spreading of lattice orientations due to these events enhance the 

occurrence of double Bragg scattering (DBS) detected by small angle X-ray scattering (SAXS). 

Separating the anisotropic SAXS intensity from the total intensity, the role of layered precipitates 

can be differentiated from that of DBS by comparing data from the undeformed grip to that from 

the deformed gauge section of tensile specimens aged for various times. Although the presence 

of layered precipitates will be similar for grip and gauge sections, the lattice rotation inherent 

during deformation may alter the SAXS response. Moreover the variation of anisotropic SAXS 

data (streaking) with artificial ageing times is attributed to the evolution of epitaxial nano-

precipitation on the dispersoids interfaces. 
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1. Introduction 

In the casting of aluminum (Al) alloys, intermetallic precipitate based on iron (Fe) are 

inherent during solidification due to the inevitable presence of Fe in bauxite. The occurrence of 

these large particles are used to advantage for reducing grain size during casting and their 

subsequent role in preventing galling during hot and cold rolling. To clarify the terminology of 
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