
Author’s Accepted Manuscript

Microstructural modification and its effect on
strengthening mechanism and yield asymmetry of
in-situ TiC-TiB2/ AZ91 magnesium matrix

B.N. Sahoo, F. Khan, S. Babu, S.K. Panigrahi,
G.D. Janaki Ram

PII: S0921-5093(18)30403-9
DOI: https://doi.org/10.1016/j.msea.2018.03.060
Reference: MSA36253

To appear in: Materials Science & Engineering A

Received date: 22 February 2018
Revised date: 13 March 2018
Accepted date: 14 March 2018

Cite this article as: B.N. Sahoo, F. Khan, S. Babu, S.K. Panigrahi and G.D.
Janaki Ram, Microstructural modification and its effect on strengthening
mechanism and yield asymmetry of in-situ TiC-TiB2/ AZ91 magnesium matrix,
Materials Science & Engineering A, https://doi.org/10.1016/j.msea.2018.03.060

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.2018.03.060
https://doi.org/10.1016/j.msea.2018.03.060


1 

 

Microstructural modification and its effect on strengthening mechanism and yield 

asymmetry of in-situ TiC-TiB2/ AZ91 magnesium matrix  

B.N. Sahoo
a
, F. Khan MD

a
, S. Babu

a
, S.K. Panigrahi

a*
, G.D. Janaki Ram

b 

a
Department of Mechanical Engineering, 

Indian Institute of Technology Madras, Chennai- 600036, India 

b
Department of Metallurgical & Materials Engineering,  

Indian Institute of Technology Madras, Chennai - 600036, India 

*Corresponding Author: Phone: +91-44-22574742, E-mail: skpanigrahi@iitm.ac.in 

Abstract 

The application of AZ91 magnesium alloy is limited because of dendritic β-Mg17Al12 phase 

which degrades mechanical properties and causes high tension to compression yield 

asymmetry (R). To overcome this, a severe plastic deformation (SPD) based hybrid process 

has been implemented in this study, to develop in-situ AZ91+TiC-TiB2 composite. This 

results in redistribution of β-Mg17Al12 phase on the grain boundaries along with notable grain 

refinement. The combined effect of in-situ reinforcement and grain refinement due to SPD 

process resulted in simultaneous enhancement of strength and ductility. Further, intense 

grain refinement and presence of TiC-TiB2 reinforcement in the grain boundary region is 

found to increase the stress concentration along the grain boundary which hinders twin 

nucleation and significantly reduces the R value from 1.42 (as-cast condition) to 1.04 (SPDed 

in-situ composite). The underlying mechanism of significant property enhancement in the 

developed material has been correlated with the tension and compression tests and 

microstructures. 
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1 Introduction 

Magnesium (Mg) alloys are widely used in numerous structural and engineering application 

because of their inherent properties like low specific gravity, high specific strength and 

recyclability [1,2]. Among all Mg alloys, AZ91 (Mg-9Al-1Zn) is a commonly used Mg alloy 

due to its unique properties like good castability, corrosion resistance and hardenability [3]. 

However, the low/moderate strength, poor ductility and tension-compression yield 

asymmetry limit its applications in structural field.  
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