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The present study aims to expand current knowledge of microstructure formation of martensitic steel with
an extended view point from prior austenite microstructure to fine morphology of lath martensite. It was focused
on fundamental problems of microstructure formation such as the formation of prior-austenite microstructure, the
austenite/martensite orientation relationship and the misorientation between martensite variants with varying of
chemical composition or transformation condition, the effect of local stress on martensite nucleation. Using
electron backscatter diffraction (EBSD) as main experimental tool, this study is also aimed to develop a new
analytical method for effective analyses of EBSD data by involving an advanced computational approach. The
following questions are investigated in each chapter:

Chapter 1 provides a review on crystallography and morphology of lath martensite. The status of EBSD
application in the research topic is summarized and discussed. The view point is also focused on recent
knowledge of microstructure formation in martensitic steel and the relationship between microstructure and
properties.

Chapter 2 describes the materials and experimental techniques used in the present study.

Chapter 3 presents the development of a computational method for EBSD data analyses. An improvement
of existing orientation fitting method was made in order to increase its efficiency and precision. The advantages

of using the new method for fitting austenite orientation and OR, auto indexing of martensite variants and visual
plotting martensite morphology are discussed.

Chapter 4 deals with reconstruction and characterization of prior-austenite microstructure in high carbon
steels. In this chapter, the concept of “prior-austenite microstructure” is proposed. A new method for precise



reconstruction of austenite microstructure from EBSD data of martensite is developed. The method is applied
successfully for reconstruction of austenite microstructure in several high carbon steels. A specific morphology
of twin-related neighbor grains in prior-austenite microstructure of high carbon steels is firstly observed and
characterized. The mechanism of prior-austenite microstructure formation is proposed and discussed.

In chapter 5, a statistical investigation of austenite/martensite orientation relationship (OR) with variation
of steels’ chemical composition is conducted. For given steel, the ORs measured for different prior-austenite
grains are likely identical with the error of 0.5°. The obtained precision of present method is comparable with that
of advanced TEM method. The effect of C as interstitial impurity or Ni and Mn as substitutional impurity on
orientation relationship and misorientation between martensite variants is characterized and discussed. The result
is important for deeper understanding the crystallography of martensite, since it reveals the relationship between
martensite morphology, OR and chemical composition.

Chapter 6 presents a molecular dynamics calculation of boundary energy between martensite variants. The
new models for calculation of boundary energy of twist and tilt boundaries are proposed. The boundary energies
are calculated for all possible pairs of martensite variants. The role of boundary energy on microstructure
formation of lath martensite is discussed.

In chapter 7, a new approach for study on the effect of local strain on nucleation and growth of fine
martensite morphology is taken. The model steel with excessive amount of TiC inclusions is successfully used for
this purpose. A new method for mapping local strain in austenite is proposed. The local strain map shows local
raise of austenite rotation near TiC inclusions. Nucleation and growth of new morphology sub-units such as
packet, block and sub-block are observed in the area surrounding micron-sized TiC particles. The effect of local
strain around micron-sized TiC particles on formation of fine martensite morphology is characterized and
discussed.

Finally, chapter 8 gives concluding remarks of the present study.
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