electron backscatter diffraction in
materials science

**Unlocking the Microstructural Secrets: Electron Backscatter Diffraction in
Materials Science**

electron backscatter diffraction in materials science has become an
indispensable technique that allows researchers and engineers to peer into
the crystallographic world of materials with remarkable precision. This
advanced method leverages the interaction of electrons with a polished sample
surface inside a scanning electron microscope (SEM) to produce detailed
information about the crystalline structure, orientation, and phase
distribution of materials. Whether you’re studying metals, ceramics, or
geological samples, electron backscatter diffraction (EBSD) offers a window
into the microscopic arrangement that governs material properties.

Understanding Electron Backscatter Diffraction
in Materials Science

At its core, electron backscatter diffraction is a microstructural
characterization technique that reveals the crystallographic orientation of
grains in polycrystalline materials. When a focused electron beam strikes a
tilted, well-prepared specimen inside an SEM, electrons scatter back and
create diffraction patterns known as Kikuchi patterns. These patterns are
unique fingerprints of the crystal lattice beneath the beam. By analyzing
these patterns, scientists can map grain orientations, identify phases, and
even detect strain within materials.

This capability makes EBSD a powerful tool in materials science, where
understanding the relationship between microstructure and material behavior
is crucial. The technique bridges the gap between microscopic features and
macroscopic properties, helping to optimize materials for strength,
durability, corrosion resistance, and more.

How Does EBSD Work?

EBSD involves several critical steps that work in harmony to produce
meaningful data:

1. **Sample Preparation:** The surface must be polished to a mirror-like
finish to minimize surface damage and contamination, which can obscure
diffraction patterns.

2. **SEM Imaging:** The specimen is mounted inside an SEM and tilted at an
angle (typically 70°) to optimize backscattered electron yield.



3. **Electron Interaction:** The incident electron beam interacts with the
crystal lattice, causing electrons to scatter and form Kikuchi bands.

4. **Pattern Detection:** A phosphor screen coupled with a sensitive camera
captures these diffraction patterns.

5. **Data Analysis:** Specialized software indexes the patterns by comparing
them to known crystal structures, generating orientation maps, phase maps,
and more.

Applications and Importance of EBSD in
Materials Science

The insights provided by electron backscatter diffraction extend across
various fields, showcasing its versatility and significance.

Grain Orientation and Texture Analysis

The mechanical properties of metals and alloys often depend heavily on grain
orientation and texture. EBSD allows researchers to visualize the orientation
of individual grains and the overall texture of the sample. This information
is essential in industries like aerospace and automotive manufacturing, where
directional properties influence performance. For example, understanding the
texture of rolled aluminum sheets can lead to improved formability and
fatigue resistance.

Phase Identification and Mapping

Materials often comprise multiple phases, each with distinct properties. EBSD
can differentiate between these phases based on their crystal structures,
enabling precise phase mapping. This is especially useful in metallurgical
studies, ceramics research, and geology. By identifying phase distributions,
scientists can better understand how different phases influence overall
material behavior.

Deformation and Strain Analysis

When materials undergo stress, their crystal lattices deform. EBSD can detect
subtle changes in lattice orientation and identify areas of strain or
dislocation density. This capability aids in studying deformation mechanisms,
fatigue failure, and recrystallization processes. For instance, in metal
forming, EBSD helps track how grains rotate and evolve, providing insights
into improving manufacturing techniques.



Tips for Effective Electron Backscatter
Diffraction Analysis

To harness the full potential of electron backscatter diffraction in
materials science, some best practices can make a significant difference:

e Sample Preparation Matters: Achieving a high-quality polished surface is
vital. Mechanical polishing followed by ion milling or electro-polishing
often yields the best results.

e Optimize SEM Settings: Adjust accelerating voltage and beam current to
balance spatial resolution and pattern quality. A voltage between 15-30
kV is commonly used.

e Use Appropriate Software: Modern EBSD software suites offer robust
indexing algorithms and visualization tools. Familiarity with these can
greatly enhance data interpretation.

e Consider Environmental Factors: Contamination, charging effects, and
vibration can degrade pattern quality. Proper vacuum conditions and
sample grounding help mitigate these issues.

e Integrate Complementary Techniques: Combining EBSD with energy-

dispersive X-ray spectroscopy (EDS) or transmission electron microscopy
(TEM) can provide a more comprehensive understanding of materials.

Advancements and Future Trends in EBSD

Electron backscatter diffraction continues to evolve alongside developments
in materials science and microscopy technology. Some exciting trends include:

High-Speed EBSD

Recent innovations have drastically increased data acquisition speed,
enabling real-time orientation mapping. This advancement supports in-situ
experiments where microstructural changes can be observed dynamically during
mechanical testing or thermal cycling.

3D EBSD and Tomography

By serial sectioning and reconstructing data, researchers can now visualize



three-dimensional grain structures and interfaces. This adds depth to
microstructural analysis, revealing complex grain boundary networks and phase
distributions in 3D space.

Machine Learning for Pattern Analysis

Artificial intelligence and machine learning algorithms are being integrated
to improve pattern indexing accuracy and speed. These tools can handle noisy
or incomplete data, expanding the range of materials and conditions suitable
for EBSD analysis.

The Role of EBSD in Materials Innovation

Materials science thrives on the ability to tailor microstructures for
specific applications. Electron backscatter diffraction is a cornerstone
technique that empowers scientists to do just that. Whether it’s developing
stronger aerospace alloys, optimizing battery materials, or studying
geological formations, EBSD provides the clarity needed to connect structure
with function.

By revealing the hidden crystallographic world, electron backscatter
diffraction in materials science not only deepens our fundamental
understanding but also accelerates innovation and quality control across
numerous industries. As this technology advances, it promises even richer
insights into the microscopic architectures that make materials perform the
way they do.

Frequently Asked Questions

What is Electron Backscatter Diffraction (EBSD) and
how is 1t used in materials science?

Electron Backscatter Diffraction (EBSD) is a microstructural-crystallographic
characterization technique used in scanning electron microscopes (SEM) to
examine the crystallographic orientation of materials. It helps in analyzing
grain size, phase identification, texture, and strain in materials.

How does EBSD help in understanding the
microstructure of metals and alloys?

EBSD provides detailed information about grain boundaries, crystallographic
texture, and phase distribution in metals and alloys, enabling researchers to
correlate microstructure with mechanical properties such as strength,



ductility, and corrosion resistance.

What are the main components of an EBSD system in
SEM?

An EBSD system typically consists of a phosphor screen detector, a high-
sensitivity camera, and specialized software to capture and analyze
backscattered electron diffraction patterns generated when the electron beam
interacts with the tilted sample surface.

What factors affect the quality of EBSD patterns?

EBSD pattern quality is influenced by sample preparation (surface finish and
cleanliness), accelerating voltage, working distance, sample tilt angle
(usually ~70 degrees), and material properties such as crystal structure and
atomic number.

Can EBSD be used for phase identification in
multiphase materials?

Yes, EBSD can distinguish different crystalline phases within a multiphase
material by analyzing their unique diffraction patterns, enabling detailed
phase mapping and understanding of phase distribution.

What are the limitations of EBSD in materials
characterization?

Limitations of EBSD include difficulty analyzing amorphous or very fine-
grained materials, surface sensitivity requiring high-quality polishing,
potential beam damage on sensitive samples, and challenges in indexing
patterns from complex or low-symmetry crystals.

How is EBSD used to study deformation and texture
evolution in materials?

EBSD allows mapping of crystallographic orientation changes and
identification of slip systems activated during deformation, providing
insights into texture evolution, strain localization, and mechanisms such as
recrystallization and grain boundary migration.

What advancements are currently trending in EBSD
technology?

Recent advancements include faster detectors for high-speed mapping, 3D EBSD
using serial sectioning, in situ EBSD under mechanical or thermal loading,
improved indexing algorithms, and integration with machine learning for
automated data analysis.



How does sample preparation affect EBSD results?

Proper sample preparation, including mechanical polishing followed by final
polishing steps like ion milling or electro-polishing, is critical to obtain
high-quality EBSD patterns by minimizing surface deformation and
contamination.

Can EBSD be combined with other SEM techniques for
comprehensive materials analysis?

Yes, EBSD is often combined with Energy Dispersive X-ray Spectroscopy (EDS)
for simultaneous crystallographic and chemical analysis, as well as with
imaging modes like Secondary Electron (SE) or Backscattered Electron (BSE)
imaging for correlating microstructure and morphology.

Additional Resources

Electron Backscatter Diffraction in Materials Science: Unlocking
Microstructural Insights

electron backscatter diffraction in materials science has emerged as a
pivotal technique in characterizing the crystallographic orientation, phase
identification, and microstructural properties of materials. This advanced
analytical method leverages the interaction between an electron beam and a
crystalline specimen to generate diffraction patterns that reveal detailed
information about the material's internal architecture. As industries demand
increasingly precise control over material properties, the role of electron
backscatter diffraction (EBSD) continues to expand, driving innovations in
metallurgy, ceramics, semiconductors, and beyond.

Fundamentals of Electron Backscatter
Diffraction

At its core, electron backscatter diffraction is a microstructural
characterization technique performed within a scanning electron microscope
(SEM). When a finely focused electron beam strikes the polished surface of a
crystalline material at a high angle, some electrons are elastically
scattered back and interfere constructively to form Kikuchi patterns. These
patterns are captured by a phosphor screen and a sensitive camera, then
processed via sophisticated software to deduce crystallographic orientations
at a spatial resolution typically ranging from 20 to 100 nanometers.

Unlike transmission electron microscopy (TEM), which requires ultra-thin
samples, EBSD enables analysis of bulk specimens with minimal preparation.
This non-destructive nature and relatively fast data acquisition make EBSD
invaluable for mapping grain boundaries, texture, and phase distributions



over large areas.

Key Parameters and Capabilities

Understanding the nuances of EBSD involves appreciating several critical
parameters:

e Spatial Resolution: Determined by electron interaction volume and beam
size, influencing the minimum grain size detectable.

e Angular Resolution: EBSD can resolve orientation differences as low as
0.5°, facilitating detailed texture analysis.

e Phase Identification: By indexing diffraction patterns, multiple phases
within multi-component materials can be distinguished.

e Strain Analysis: Advanced EBSD techniques, such as high-resolution EBSD,
allow for the measurement of elastic strain and lattice distortions.

Applications of EBSD in Materials Science

The versatility of electron backscatter diffraction underpins its widespread
adoption across various domains of materials science. Its ability to reveal
microstructural features with precision is essential for understanding and
optimizing material behavior.

1. Metallurgical Microstructure Characterization

In metals and alloys, grain size and orientation critically influence
mechanical properties such as strength, ductility, and toughness. EBSD
facilitates:

e Mapping grain boundary character distributions (GBCD), which affect
corrosion resistance and crack propagation.

e Quantifying texture to predict anisotropic behavior in rolled or
extruded metals.

e ITdentifying phase transformations, such as martensitic formation in
steels, by distinguishing crystallographic phases.



For instance, in aerospace-grade titanium alloys, EBSD elucidates the
relationship between processing parameters and resultant texture, directly
impacting fatigue life.

2. Ceramic and Mineral Analysis

Ceramics often exhibit complex microstructures with multiple phases and
varying crystallographic orientations. EBSD assists in:

e Characterizing grain boundary misorientations that influence fracture
toughness.

e Distinguishing polymorphs and secondary phases that alter electrical or
thermal properties.

e Studying deformation mechanisms in brittle materials through orientation
mapping.

In geosciences, EBSD helps decode the history of rock formation by analyzing
mineral textures and deformation patterns, contributing valuable insights
into tectonic processes.

3. Semiconductor and Electronic Materials

For semiconductors, crystal orientation and defects can drastically affect
device performance. EBSD enables:

e Detection of grain boundaries and twin boundaries that may act as
electronic traps or recombination centers.

e Investigation of epitaxial layer quality and strain distribution in thin
films.

e Optimization of fabrication processes through correlation of
microstructure with electrical properties.

Such capabilities are crucial in producing high-efficiency solar cells and
advanced microelectronic components.



Advantages and Limitations of Electron
Backscatter Diffraction

While EBSD offers unmatched insights into microstructure, understanding its
strengths and constraints is vital for proper application.

Advantages

* Non-destructive Analysis: Minimal sample alteration preserves specimen
integrity for further testing.

e High Throughput: Automated mapping enables rapid collection of thousands
of data points across large areas.

e Quantitative Data: Provides objective measurements of crystallographic
orientation, texture, and phase distribution.

e Versatility: Applicable to a wide range of materials, including metals,
ceramics, minerals, and composites.

Limitations

e Sample Preparation: Requires a flat, polished surface free of
deformation to achieve clear diffraction patterns.

e Material Constraints: Difficulties arise with amorphous materials or
those with very fine grains below the spatial resolution.

» Data Interpretation: Complex patterns in multiphase or heavily strained
materials may complicate analysis.

e Vacuum Environment: Samples must be compatible with SEM vacuum
conditions, limiting some biological or hydrated specimens.

Recent Advances and Future Directions

The field of electron backscatter diffraction in materials science continues
to evolve with technological and methodological innovations. Recent



developments include:

High-Resolution EBSD (HR-EBSD)

HR-EBSD enhances the angular resolution to detect subtle lattice strains and
dislocation densities. This enables researchers to map residual stresses and
deformation fields with unprecedented precision, offering insights into
failure mechanisms and mechanical behavior at the microscale.

3D EBSD and Tomography

By combining serial sectioning techniques with EBSD, three-dimensional
crystallographic reconstructions are now feasible. This volumetric approach
provides a comprehensive view of grain boundary networks and phase
distributions, advancing understanding of microstructural evolution during
processing.

Machine Learning Integration

Artificial intelligence algorithms are being integrated into EBSD data
analysis workflows to improve phase identification, pattern indexing, and
defect recognition. These tools accelerate data interpretation and reduce
human bias, expanding the potential for automated, high-throughput
microstructural characterization.

Practical Considerations for Implementing EBSD

Successful application of EBSD hinges on meticulous sample preparation,
instrument calibration, and data analysis protocols. Researchers must ensure:

e Polishing Quality: Achieving a deformation-free surface using mechanical
and electro-polishing techniques.

e Optimized SEM Parameters: Adjusting accelerating voltage, working
distance, and beam current to maximize pattern clarity.

e Software Proficiency: Utilizing advanced indexing algorithms and data
visualization tools for robust interpretation.

* Cross-Validation: Complementing EBSD data with other characterization
methods like X-ray diffraction (XRD) or TEM for comprehensive analysis.



Such diligence ensures that electron backscatter diffraction delivers
reliable and reproducible insights critical to materials development and
quality control.

Electron backscatter diffraction in materials science remains an
indispensable technique for unraveling the complexities of microstructure
that govern material performance. By continuously refining this method and
integrating it with emerging technologies, researchers and engineers are
better equipped to design materials with tailored properties, driving
innovation across multiple industries.

Electron Backscatter Diffraction In Materials Science

electron backscatter diffraction in materials science: Electron Backscatter Diffraction in
Materials Science Adam J. Schwartz, Mukul Kumar, Brent L. Adams, David P. Field, 2013-06-29
Crystallographic texture or preferred orientation has long been known to strongly influence material
properties. Historically, the means of obtaining such texture data has been though the use of x-ray
or neutron diffraction for bulk texture measurements, or transmission electron microscopy or
electron channeling for local crystallographic information. In recent years, we have seen the
emergence of a new characterization technique for probing the microtexture of materials. This
advance has come about primarily through the automated indexing of electron backscatter
diffraction (EBSD) patterns. The first commercially available system was introduced in 1994, and
since then of sales worldwide has been dramatic. This has accompanied widening the growth
applicability in materials scienceproblems such as microtexture, phase identification, grain boundary
character distribution, deformation microstructures, etc. and is evidence that this technique can, in
some cases, replace more time-consuming transmission electron microscope (TEM) or x-ray
diffraction investigations. The benefits lie in the fact that the spatial resolution on new field emission
scanning electron microscopes (SEM) can approach 50 nm, but spatial extent can be as large a
centimeter or greater with a computer controlled stage and montagingofthe images. Additional
benefits include the relative ease and low costofattaching EBSD hardware to new or existing SEMs.
Electron backscatter diffraction is also known as backscatter Kikuchi diffraction (BKD), or electron
backscatter pattern technique (EBSP). Commercial names for the automation include Orientation
Imaging Microscopy (OIMTM) and Automated Crystal Orientation Mapping (ACOM).

electron backscatter diffraction in materials science: Electron Backscatter Diffraction
in Materials Science Adam ]J. Schwartz, Mukul Kumar, Brent L. Adams, David Field, 2009-08-12
Electron backscatter diffraction is a very powerful and relatively new materials characterization
technique aimed at the determination of crystallographic texture, grain boundary character
distributions, lattice strain, phase identification, and much more. The purpose of this book is to
provide the fundamental basis for electron backscatter diffraction in materials science, the current
state of both hardware and software, and illustrative examples of the applications of electron
backscatter diffraction to a wide-range of materials including undeformed and deformed metals and
alloys, ceramics, and superconductors. The text has been substantially revised from the first edition,
and the authors have kept the format as close as possible to the first edition text. The new
developments covered in this book include a more comphrensive coverage of the fundamentals not
covered in the first edition or other books in the field, the advances in hardware and software since
the first edition was published, and current examples of application of electron backscatter
diffraction to solve challenging problems in materials science and condensed-matter physics.



https://stage.support.buyingbuddy.com/archive-th-141/electron-backscatter-diffraction-in-materials-science.pdf

electron backscatter diffraction in materials science: Electron Backscatter Diffraction in
Materials Science Adam J. Schwartz, Mukul Kumar, Brent L. Adams, David P. Field, 2010-11-16
Electron backscatter diffraction is a very powerful and relatively new materials characterization
technique aimed at the determination of crystallographic texture, grain boundary character
distributions, lattice strain, phase identification, and much more. The purpose of this book is to
provide the fundamental basis for electron backscatter diffraction in materials science, the current
state of both hardware and software, and illustrative examples of the applications of electron
backscatter diffraction to a wide-range of materials including undeformed and deformed metals and
alloys, ceramics, and superconductors. The text has been substantially revised from the first edition,
and the authors have kept the format as close as possible to the first edition text. The new
developments covered in this book include a more comphrensive coverage of the fundamentals not
covered in the first edition or other books in the field, the advances in hardware and software since
the first edition was published, and current examples of application of electron backscatter
diffraction to solve challenging problems in materials science and condensed-matter physics.

electron backscatter diffraction in materials science: Electron Backscatter Diffraction
Materials Science Adam J. Schwartz, 1968

electron backscatter diffraction in materials science: Crystallization and Materials Science
of Modern Artificial and Natural Crystals Elena Borisenko, 2012-01-20 Crystal growth is an
important process, which forms the basis for a wide variety of natural phenomena and engineering
developments. This book provides a unique opportunity for a reader to gain knowledge about various
aspects of crystal growth from advanced inorganic materials to inorganic/organic composites, it
unravels some problems of molecular crystallizations and shows advances in growth of
pharmaceutical crystals, it tells about biomineralization of mollusks and cryoprotection of living
cells, it gives a chance to learn about statistics of chiral asymmetry in crystal structure.

electron backscatter diffraction in materials science: Advances in Texture, Microtexture,
and Allied Techniques Satyam Suwas, David P. Field, 2025-07-02 This book presents the
fundamentals of texture and microtexture with the latest developments in the field and relates the
same for different materials and processes. Crystallographic phase and orientation define the
anisotropy of crystalline materials. In polycrystalline materials, the preferred crystallographic
orientation of grain distributions, also known as (crystallographic) texture, controls the properties of
materials. The evaluation of texture has been traditionally carried out by X-ray diffraction and
neutron diffraction. In recent times, microtexture-based techniques have been widely used not only
to examine the crystallographic texture but also to investigate the micro-mechanisms controlling the
development of texture and microstructure. It has, therefore, become almost mandatory to re-visit
the physical phenomenon associated with materials from the viewpoint of microtexture. The
individual chapters have been written by the renowned scientists working in the respective domain.
The book can be a valuable reference for researchers and professionals interested in fundamentals
of texture and microtexture and allied fields.

electron backscatter diffraction in materials science: Introduction to Texture Analysis
Olaf Engler, Stefan Zaefferer, Valerie Randle, 2024-02-27 Reflecting emerging methods and the
evolution of the field, Introduction to Texture Analysis: Macrotexture, Microtexture, and Orientation
Mapping keeps mathematics to a minimum in covering both traditional macrotexture analysis and
more advanced electron-microscopy-based microtexture analysis. The authors integrate the two
techniques and address the subsequent need for a more detailed explanation of philosophy, practice,
and analysis associated with texture analysis. The book illustrates approaches to orientation
measurement and interpretation and elucidates the fundamental principles on which measurements
are based. Thoroughly updated, this Third Edition of a best-seller is a rare introductory-level guide
to texture analysis. Discusses terminology associated with orientations, texture, and their
representation, as well as the diffraction of radiation, a phenomenon that is the basis for almost all
texture analysis Covers data acquisition, as well as representation and evaluation related to the
well-established methods of macrotexture analysis Updated to include experimental details of the




latest transmission or scanning electron microscope-based techniques for microstructure analysis,
including electron backscatter diffraction (EBSD) Describes how microtexture data are evaluated
and represented and emphasizes the advances in orientation microscopy and mapping, and
advanced issues concerning crystallographic aspects of interfaces and connectivity Offers new and
innovative grain boundary descriptions and examples This book is an ideal tool to help readers in the
materials sciences develop a working understanding of the practice and applications of texture.

electron backscatter diffraction in materials science: Identification of Special-Purpose
Structures by Their Fragments Based on Scanning Electron Microscopy Viacheslav L. Bogdanov,
Alexander Ya. Grigorenko, Ihor B. Chepkov, Thor V. Odnoralov, Andrii V. Kuchynskyi, Valerii V.
Kremenytskyi, Svitlana O. Sperkach, 2025-07-03 This book contains previously classified information
on the physical and chemical characteristics of metallic and composite materials used in the
production of elements of special-purpose structures, and reveals the set of techniques and tools
through which this information was obtained. It sets the foundations for the methodology of
systematic automated identification of the special-purpose structures by their fragments. The main
topics are theoretical foundations and practical results of scanning electron microscopy in
determining chemical composition, structure, surface topography and frequency characteristics
(reflection and absorption coefficients of electromagnetic waves) of fragments of the structures
made of both metal alloys and composite materials. Applied aspects such as the parameters of
electromagnetic radiation recommended for effective identification of special-purpose structures
made of composite radiation absorbent materials and coatings; development of a scientifically based
system for automated identification of the structures by their fragments. The book is aimed at
solving the problem to prevent uncontrolled or gray transfer of special-purpose products,
technologies and materials of military or dual use by forming a scientifically based automatic
identification system (by class and country of origin) of special-purpose products by their fragments,
using scanning electron microscopy to determine their chemical composition, structure, surface
topography, and frequency characteristics. The book is useful to a wide range of specialists in the
field of materials science, as well as specialists in the defense sector of industry.

electron backscatter diffraction in materials science: Phase Transformations in Steels
Elena Pereloma, David V Edmonds, 2012-05-11 The processing-microstructure-property
relationships in steels continue to present challenges to researchers because of the complexity of
phase transformation reactions and the wide spectrum of microstructures and properties achievable.
This major two-volume work summarises the current state of research on phase transformations in
steels and its implications for the emergence of new steels with enhanced engineering
properties.Volume 2 reviews current research on diffusionless transformations and phase
transformations in high strength steels, as well as advances in modelling and analytical techniques
which underpin this research. Chapters in part one discuss the crystallography and kinetics of
martensite transformations, the morphology, substructure and tempering of martensite as well as
shape memory in ferrous alloys. Part two summarises research on phase transformations in high
strength low alloy (HSLA) steels, transformation induced plasticity (TRIP)-assisted multiphase steels,
quenched and partitioned steels, advanced nanostructured bainitic steels, high manganese twinning
induced plasticity (TWIP) and maraging steels. The final two parts of the book review advances in
modelling and the use of advanced analytical techniques to improve our understanding of phase
transformations in steels.With its distinguished editors and distinguished international team of
contributors, the two volumes of Phase transformations in steels is a standard reference for all those
researching the properties of steel and developing new steels in such areas as automotive
engineering, oil and gas and energy production. - Alongside its companion volume, this major
two-volume work summarises the current state of research on phase transformations in steels -
Reviews research on diffusionless transformations and phase transformations in high strength steels
- Examines advances in modelling and the use of advanced analytical techniques to improve
understanding of phase transformations in steels

electron backscatter diffraction in materials science: Advances in Imaging and Electron



Physics Martin Hytch, Peter W. Hawkes, 2022-08-23 Advances in Imaging and Electron Physics,
Volume 224 highlights new advances in the field, with this new volume presenting interesting
chapters on Measuring elastic deformation and orientation gradients by scanning electron
microscopy - conventional, new and emerging methods, Development of an alternative global
method with high angular resolution, Implementing the new global method, Numerical validation of
the method and influence of optical distortions, and Applications of the method. - Provides the
authority and expertise of leading contributors from an international board of authors - Presents the
latest release in the Advances in Imaging and Electron Physics series - Updated release includes the
latest information on Measuring elastic deformation and orientation gradients by scanning electron
microscopy - conventional, new and emerging methods

electron backscatter diffraction in materials science: Microtexture Determination and
Its Applications V. Randle, 2023-05-09 A cornerstone in the study of both natural and technological
materials is characterisation of microstructure. In the widest sense this topic encompasses, for all
phases present: morphology, including size and shape distributions; chemical composition;
crystallographic parameters, including orientation and orientation relationships. A landmark
advance for the materials community occurred with the genesis of 'microtexture’, which for the first
time provided integration of crystallographic parameters and other aspects of the microstructure. A
definition of microtexture is: 'a population of crystallographic orientations whose individual
components are linked to their location within the microstructure.' The term microtexture also
describes any experimental technique used to determine this information. Essentially, a stationary
beam of electrons is diffracted by atomic planes in the sampled volume of specimen. Analysis of the
resulting diffraction pattern provides crystallographic information which can be related back to its
position of origin. An estimated 95 percent of microtexture determination is by 'electron backscatter
diffraction' (EBSD) in a scanning electron microscope (SEM), with the remaining 5 percent
contributed mainly by transmission electron microscopy (TEM) counterparts to EBSD. Evaluation
(indexing) of EBSD diffraction patterns and output of data in a variety of formats is in most cases
fully automated. The most exciting EBSD output is an 'orientation map', which is a quantitative
depiction of the microstructure in terms of its orientation constituents. Microtexture determination
is now firmly established as the most comprehensive experimental tool for quantitative
characterisation and analysis of microstructure, and is used extensively in both research and
industry. Much has changed since this book was first published and the second edition has been
completely rewritten to reflect these changes.

electron backscatter diffraction in materials science: Nanoscale Ferroelectrics and
Multiferroics Miguel Alguero, J. Marty Gregg, Liliana Mitoseriu, 2016-05-31 Dieses Buch beleuchtet
die wichtigsten Aspekte der Verarbeitung und Charakterisierung von Ferroelektrika und
Multiferroika auf Nanoebene, prasentiert eine umfassende Beschreibung der jeweiligen
Eigenschaften und legt dabei den Schwerpunkt auf die Unterscheidung von GrofSeneffekten bei
extrinsischen Eigenschaften wie Rand- oder Interface-Effekte. Eingegangen wird auch auf neuartige
Nanoebene. Das Fachbuch ist in drei Abschnitte unterteilt und beschreibt die Verarbeitung
(Nanostrukturierung), Charakterisierung (nanostrukturierter Materialien) und Nanoeffekte. Unter
Ruckgriff auf die Synergien zwischen Nano-Ferroelektrika und -Multiferroika werden Materialien
behandelt, die auf allen Ebenen einer Nanostrukturierung unterzogen werden, von Technologien fiir
keramische Materialien wie ferroelektrische Nanopulver, nanostrukturierte Keramiken und
Dickschichten sowie magnetoelektrische Nanokomposit-Materialien bis hin zu freistehenden
Nanoobjekten mit spezifischen Geometrien wie Nanodrahte und Nanorohren auf verschiedenen
Entwicklungsstufen. Grundlage des Buches ist die europaische Wissensplattform im
Wissenschaftsbereich innerhalb der Aktion von COST (Europaische Zusammenarbeit in Wissenschaft
und Technik) zu ein- und mehrphasigen Ferroika und Multiferroika mit begrenzten Geometrien
(SIMUFER, Ref. MP0904). Die Autoren der Kapitelbeitrage wurden sorgfaltig ausgewahlt, haben
allesamt ganz wesentlich zur Wissensbasis fur das jeweilige Thema beigetragen und gehoren vor
allem zu den renommiertesten Wissenschaftlern des Fachgebiets.



electron backscatter diffraction in materials science: Microstructure Sensitive Design for
Performance Optimization Brent L. Adams, Surya R. Kalidindi, David T. Fullwood, 2012-12-31 The
accelerating rate at which new materials are appearing, and transforming the engineering world,
only serves to emphasize the vast potential for novel material structure and related performance.
Microstructure Sensitive Design for Performance Optimization (MSDPO) embodies a new
methodology for systematic design of material microstructure to meet the requirements of design in
optimal ways. Intended for materials engineers and researchers in industry, government and
academia as well as upper level undergraduate and graduate students studying material science and
engineering, MSDPO provides a novel mathematical framework that facilitates a rigorous
consideration of the material microstructure as a continuous design variable in the field of
engineering design. - Presents new methods and techniques for analysis and optimum design of
materials at the microstructure level - Authors' methodology introduces spectral approaches not
available in previous texts, such as the incorporation of crystallographic orientation as a variable in
the design of engineered components with targeted elastic properties - Numerous illustrations and
examples throughout the text help readers grasp the concepts

electron backscatter diffraction in materials science: Proceedings of the 1st World
Congress on Integrated Computational Materials Engineering (ICME) The Minerals, Metals &
Materials Society (TMS), 2011-06-15 In its most advanced form, Integrated Computational Materials
Engineering (ICME) holistically integrates manufacturing simulation, advanced materials models
and component performance analysis. This volume contains thirty-five papers presented at the 1st
World Congress on Integrated Computational Materials Engineering. Modeling
processing-microstructure relationships, modeling microstructure-property relationships, and the
role of ICME in graduate and undergraduate education are discussed. Ideal as a primary text for
engineering students, this book motivates a wider understanding of the advantages and limitations
offered by the various computational (and coordinated experimental) tools of this field.

electron backscatter diffraction in materials science: Springer Handbook of Mechanical
Engineering Karl-Heinrich Grote, Hamid Hefazi, 2021-04-10 This resource covers all areas of
interest for the practicing engineer as well as for the student at various levels and educational
institutions. It features the work of authors from all over the world who have contributed their
expertise and support the globally working engineer in finding a solution for today‘s mechanical
engineering problems. Each subject is discussed in detail and supported by numerous figures and
tables.

electron backscatter diffraction in materials science: International Conference on
Residual Stresses 9 (ICRS 9) S.]J.B. Kurz, Eric J. Mittemeijer, Berthold Scholtes, 2013-09-23
Selected, peer reviewed papers from the 9th International Conference on Residual Stresses (ICRS
9), October 7-9, 2012, Garmisch-Partenkirchen, Germany

electron backscatter diffraction in materials science: Applications of Texture Analysis
A. D. Rollett, 2008-12-05 This volume contains papers presented at The 15th International
Conference on the Texture of Materials from June 1-5th, 2008 in Pittsburgh, PA. Chapters include:
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to design and tailor metallic materials with desired properties. In this sense, microstructure
refinement through severe plastic deformation (SPD) techniques can be considered a key method for
this purpose. A typical SPD process is currently defined as any method of metal forming under
extensive hydrostatic pressure intended to impose a very high strain on a bulk solid without



involving any significant change in the overall dimensions and having the ability to produce
exceptional grain refinement. What makes SPD processing techniques so popular and attractive is
the possibility of using them to enhance the strength behavior of conventional metallic materials by
a factor of up to eight for pure metals such as copper and by some 30-50% for alloys. Despite the
impressive property improvement achievable with SPD techniques, their uptake by industry has
been rather sluggish. This book intends to give a panorama of the typical SPD techniques intended
to optimize the mechanical and physical properties of metals through a significant grain size
reduction process. Modeling for this purpose is also presented.
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