
Author’s Accepted Manuscript

Extending an empirical and a fundamental bainite
start model to a continuously cooled microalloyed
steel

Nasseh Khodaie, Douglas G. Ivey, Hani Henein

PII: S0921-5093(15)30479-2
DOI: http://dx.doi.org/10.1016/j.msea.2015.10.016
Reference: MSA32867

To appear in: Materials Science & Engineering A

Received date: 3 September 2015
Accepted date: 5 October 2015

Cite this article as: Nasseh Khodaie, Douglas G. Ivey and Hani Henein,
Extending an empirical and a fundamental bainite start model to a continuously
cooled microalloyed steel, Materials Science & Engineering A,
http://dx.doi.org/10.1016/j.msea.2015.10.016

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.2015.10.016
http://dx.doi.org/10.1016/j.msea.2015.10.016


1 
 

Extending an empirical and a fundamental bainite start model to a continuously cooled 

microalloyed steel 

Nasseh Khodaiea*, Douglas G. Iveya, Hani Heneina  

a
Department of Chemical and Materials Engineering, University of Alberta, Canada T6G 2V4 

Corresponding author: +1 613 299 1817. E-mail address: Khodaie@ualberta.ca. 

Abstract 

The empirical model proposed by Lee and a fundamental model for the isothermal bainite start 

temperature (  ) are applied in this work to a microalloyed steel undergoing continuous cooling 

transformation. The fundamental model for    is based on displacive transformation of bainite. The 

method proposed in this paper is termed the Bainite Intercept Temperature method (BIT).  Using this 

method it is possible to determine the volume fraction of the phase that forms before bainite, i.e., 

quasi-polygonal ferrite. BIT analysis is applied to continuous cooling where a two phase microstructure 

is formed of quasi-polygonal ferrite and mixed bainitic ferrite and B/M. The estimated intrinsic hardness 

of the components based on BIT is compared with isothermal transformation results and the hardness is 

calculated based on the contribution of strengthening mechanisms. 
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1. Introduction 

Microalloyed steel skelp often undergoes accelerated cooling after hot rolling. Accelerated cooling in 

thermo-mechanical processing of microalloyed steel is used to increase strength and toughness [1]. High 

cooling rates improve the mechanical properties by reducing the ferrite grain size and, more 

importantly, by increasing the volume fraction of the stronger microstructural constituents such as 

bainitic ferrite and acicular ferrite. Increasing cooling rate reduces the time that austenite spends in the 

temperature range that produces polygonal ferrite, which has good ductility but lower strength and 

toughness. As a result, more austenite is left to transform to lower temperature products that exhibit 

superior mechanical properties [2].  
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