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ABSTRACT

During the last couple of decades, treatment of microstructure in materials science has been shifted from 
the diagnostic to design paradigm. Design of microstructure is inherently complex problems due to non 
linear spatial and temporal interaction of composition and parameters leading to the target properties. 
In most of the cases, different properties are reciprocally correlated i.e., improvement of one lead to 
the degradation of other. Also, the design of microstructure is a multiscale problem, as the knowledge 
of phenomena at range of scales from electronic to mesoscale is required for precise composition-
microstructure-property determination. In the view of above, present chapter provides the introduction 
to computationally driven microstructure engineering in the framework of constitutive length scale in 
microstructure design. The important issues pertaining to design such as phase stability and interfaces 
has been explained. Additionally, the bird-eye view of various computational techniques in order of length 
scale has been introduced, with an aim to present the picture of combination of various techniques for 
solving microstructural design problems under various scenarios.

1. INTRODUCTION

The microstructure can be described as the length scale based ensemble of the representative units, 
which evolve the solid state material structures through the multi-scale spatiotemporal interaction under 
the specific energetic pathway. The hierarchical nature of the microstructure originates from the length 
scale of the constituent phases and defects originated through the path of evolution. At the smallest scale, 
electronic interaction among the constituent elements decides the nature of coordination among the ele-

Computational Design 
of Microstructure:

An Overview

G. Anand
The University of Sheffield, UK

P. P. Chattopadhyay
Indian Institute of Engineering Science and Technology Shibpur, India



73

Computational Design of Microstructure
﻿

ments. In such length scale, thermodynamically stable one dimensional defect such as vacancy also play 
the crucial role. In the next level of integration, the coordinating atoms may aggregate themselves in the 
form of amorphous, quasi-crystalline and non-crystalline or crystalline order. The defect structure in this 
scale comprises dislocation, stacking faults, grain boundaries etc. The distinct structure on such defects 
originates through the interactions occurring at lower scale, e.g., stacking fault width.

In the manufacturing framework, microstructures inherit not only the footprints of the process and 
compositional variables but also the blue-print of the properties. Keeping this in view Figure 1 enumer-
ates the integrated multiscale approach of microstructure based design of materials (Anand, Dey, Kok, 
Chakraborty, & Chattopadhyay, 2014). Contrary to the conventional imprecise approach of describing 
the microstructure in terms of the empirical composition-process-property framework, diagnostic frame-
work relies on the deterministic design method, while employing range of experimental and simulation 
techniques (Anand, Datta, & Chattopadhyay, 2013).

2. COMPUTATIONALLY DRIVEN MICROSTRUCTURE ENGINEERING

The multi-scale nature of the microstructure evolution and the corresponding range of relaxation times 
result into the dynamic nature of materials structure with the “spatiotemporal hierarchy”. This dynamic 
nature leads to the complexity in the materials design causing the limited predictability (Olson, 1997). In 
such complex situation, Cohen’s “reciprocity principle” is an effective tool to improve the predictability. 
In this approach, structure-property correlation is considered as the two-way phenomena, as perception 
of microstructure is also guided by the specific properties to be considered (Cohen, 1976). The structure-
property framework can be expanded to include the processing and performance, as shown in Figure 2, 

Figure 1. Framework of microstructure based design (Chattopadhyay, 2014)



 

 

38 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/computational-design-of-microstructure/175690

Related Content

Characterization of Cold Sprayed Copper Coatings on Al Alloy Substrate
Tarun Goyal, T. S. Sidhuand R. S. Walia (2015). International Journal of Surface Engineering and

Interdisciplinary Materials Science (pp. 41-53).

www.irma-international.org/article/characterization-of-cold-sprayed-copper-coatings-on-al-alloy-substrate/138562

Review of Current and Emerging Approaches for Quantitative Nanostructure-Activity

Relationship Modeling: The Case of Inorganic Nanoparticles
Natalia Sizochenkoand Jerzy Leszczynski (2017). Materials Science and Engineering: Concepts,

Methodologies, Tools, and Applications  (pp. 1704-1721).

www.irma-international.org/chapter/review-of-current-and-emerging-approaches-for-quantitative-nanostructure-activity-

relationship-modeling/175760

Study of Factors Influencing the Life Predictions of Solid Rocket Motor
Ricardo Viera Binda, Roberta Jachura Rochaand Luiz Eduardo Nunes Almeida (2018). Energetic Materials

Research, Applications, and New Technologies (pp. 234-245).

www.irma-international.org/chapter/study-of-factors-influencing-the-life-predictions-of-solid-rocket-motor/195307

Carbide Particle-Reinforced Tungsten Composites in Extreme Hazard Environments: Ablation,

Thermal Shock, and Finite Element Calculation
Guiming Song, Yujin Wangand Yu Zhou (2013). MAX Phases and Ultra-High Temperature Ceramics for

Extreme Environments (pp. 509-532).

www.irma-international.org/chapter/carbide-particle-reinforced-tungsten-composites-in-extreme-hazard-

environments/80043

Taguchi -Grey Based Optimization of Friction and Wear of Electroless Ni-P Coatings in Acidic

Environment
Bikash Panjaand Prasanta Sahoo (2014). International Journal of Surface Engineering and Interdisciplinary

Materials Science (pp. 53-69).

www.irma-international.org/article/taguchi--grey-based-optimization-of-friction-and-wear-of-electroless-ni-p-coatings-in-

acidic-environment/128795

http://www.igi-global.com/chapter/computational-design-of-microstructure/175690
http://www.irma-international.org/article/characterization-of-cold-sprayed-copper-coatings-on-al-alloy-substrate/138562
http://www.irma-international.org/chapter/review-of-current-and-emerging-approaches-for-quantitative-nanostructure-activity-relationship-modeling/175760
http://www.irma-international.org/chapter/review-of-current-and-emerging-approaches-for-quantitative-nanostructure-activity-relationship-modeling/175760
http://www.irma-international.org/chapter/study-of-factors-influencing-the-life-predictions-of-solid-rocket-motor/195307
http://www.irma-international.org/chapter/carbide-particle-reinforced-tungsten-composites-in-extreme-hazard-environments/80043
http://www.irma-international.org/chapter/carbide-particle-reinforced-tungsten-composites-in-extreme-hazard-environments/80043
http://www.irma-international.org/article/taguchi--grey-based-optimization-of-friction-and-wear-of-electroless-ni-p-coatings-in-acidic-environment/128795
http://www.irma-international.org/article/taguchi--grey-based-optimization-of-friction-and-wear-of-electroless-ni-p-coatings-in-acidic-environment/128795

