cr ni phase diagram

cr ni phase diagram represents a fundamental tool in materials science, particularly in understanding
the alloy systems composed of chromium (Cr) and nickel (Ni). This phase diagram illustrates the
equilibrium phases present at various temperatures and compositions, providing critical insights into
the microstructure and properties of Cr-Ni alloys. These alloys are highly significant in industrial
applications due to their excellent corrosion resistance, mechanical strength, and thermal stability. By
analyzing the cr ni phase diagram, engineers and metallurgists can predict phase transformations,
tailor alloy compositions, and optimize heat treatment processes to achieve desired material
characteristics. This article explores the fundamental aspects of the Cr-Ni phase diagram, including its
key features, phase regions, and practical applications in metallurgy. Additionally, a detailed discussion
on the microstructural evolution and thermodynamic principles underlying the phase diagram is
provided. The following sections offer a comprehensive overview of the cr ni phase diagram and its

relevance in alloy design.
¢ Understanding the Cr-Ni Phase Diagram
¢ Phases and Microstructures in the Cr-Ni System
¢ Thermodynamics and Phase Equilibria

* Applications of the Cr-Ni Phase Diagram

¢ Factors Influencing Phase Stability



Understanding the Cr-Ni Phase Diagram

The Cr-Ni phase diagram is a graphical representation of the phase relationships between chromium
and nickel across different compositions and temperatures. It is an essential tool used to understand
the solidification, melting, and phase transformation behaviors in Cr-Ni alloys. The diagram maps out
the regions where different phases exist in equilibrium, such as solid solutions, intermetallic
compounds, and liquid phases. Key aspects of the cr ni phase diagram include liquidus and solidus

lines, solvus boundaries, and invariant reactions like eutectic and peritectic transformations.

The binary nature of the Cr-Ni system simplifies the study of phase equilibria, although the presence of
multiple solid phases adds complexity. Typically, the diagram covers the full compositional range from
0% to 100% nickel, providing detailed insight into the behavior of stainless steels and other high-

performance alloys based on these elements.

Basic Features of the Cr-Ni Phase Diagram

The cr ni phase diagram exhibits several fundamental features that dictate alloy behavior:

Liquidus line: Marks the boundary above which the alloy is fully liquid.

Solidus line: Defines the temperature below which the alloy is fully solid.

Solvus lines: Indicate limits of solid solubility where phase separation occurs.

Eutectic and peritectic points: Characterize invariant reactions where multiple phases coexist at

equilibrium.

Phase regions: Areas in the diagram that specify the stable phases or phase mixtures at given

conditions.



Significance in Alloy Development

The cr ni phase diagram is crucial for alloy development, especially for stainless steels and corrosion-
resistant alloys. By understanding phase boundaries, engineers can adjust composition to avoid
undesirable phases that may compromise mechanical properties or corrosion resistance. The diagram

also aids in designing heat treatment schedules to manipulate microstructures effectively.

Phases and Microstructures in the Cr-Ni System

The Cr-Ni system contains several important phases that influence the microstructure and properties of
alloys. Recognition of these phases and their formation conditions is vital for controlling material

behavior during processing and service.

Primary Phases in the Cr-Ni System

The most common phases found in the Cr-Ni phase diagram include:

Face-Centered Cubic (FCC) Phase (D): This austenitic phase is generally nickel-rich and stable

at high temperatures. It exhibits excellent ductility and corrosion resistance.

Body-Centered Cubic (BCC) Phase (D): Chromium-rich solid solution with high strength and

magnetic properties, stable at lower temperatures.

Intermetallic Compounds: Certain compositions may form ordered intermetallic phases, which

typically have higher hardness but lower ductility.

Liquid Phase: Present at elevated temperatures during melting or solidification.



Microstructural Evolution During Cooling

As the temperature decreases, the microstructure of Cr-Ni alloys evolves due to phase transformations
indicated in the phase diagram. For example, in stainless steels, the austenitic D phase can transform
to ferritic [l phase or martensite depending on cooling rates and composition. These transformations

significantly affect mechanical properties such as toughness, strength, and corrosion resistance.

Control of cooling rates and thermal treatments enables the stabilization of desired phases, which is

critical for applications requiring specific performance standards.

Thermodynamics and Phase Equilibria

The cr ni phase diagram is fundamentally governed by thermodynamic principles that dictate phase
stability and transformations. Understanding these principles allows for precise prediction of phase

behavior in response to changes in temperature and composition.

Gibbs Free Energy and Phase Stability

The stability of phases in the Cr-Ni system is determined by the minimization of Gibbs free energy at
equilibrium. Each phase has a characteristic Gibbs free energy curve, and the phase or combination of
phases present corresponds to the lowest overall energy state. The interplay between enthalpy and
entropy contributions influences the shape of the phase boundaries and the occurrence of phase

reactions.

Lever Rule and Phase Fractions

The lever rule is applied to the cr ni phase diagram to calculate the relative amounts of coexisting
phases in two-phase regions. This is essential for predicting microstructural proportions and

mechanical properties in alloys with mixed phase compositions.



Effect of Temperature and Composition

Temperature changes shift phase boundaries, leading to phase transformations such as melting,
solidification, and solid-state reactions. Variation in chromium and nickel content affects the width of
solubility ranges and the formation of intermetallic phases, thereby shaping the overall phase diagram

topology.

Applications of the Cr-Ni Phase Diagram

The cr ni phase diagram serves as a vital reference in numerous industrial and research applications,

particularly in the design and processing of stainless steels and corrosion-resistant alloys.

Stainless Steel Manufacturing

Nickel and chromium are principal alloying elements in stainless steel. The phase diagram guides the
selection of compositions that promote the formation of austenitic or ferritic microstructures, which
determine corrosion resistance and mechanical properties. For example, austenitic stainless steels

typically contain higher nickel content to stabilize the [I phase.

Heat Treatment Optimization

Heat treatment processes such as annealing, quenching, and tempering rely on phase diagram data to
control phase transformations. Understanding the temperature ranges for phase stability helps optimize

these processes to enhance strength, ductility, and corrosion resistance.

Corrosion Resistance Enhancement

The presence of chromium-rich phases and their distribution directly influence corrosion resistance. By

leveraging the cr ni phase diagram, alloy compositions and processing conditions can be adjusted to



maximize protective oxide layer formation and minimize detrimental phases.

Factors Influencing Phase Stability

Several external and intrinsic factors affect the phase stability and transformations within the Cr-Ni

system as represented in the phase diagram.

Alloying Elements and Impurities

Additional alloying elements such as carbon, molybdenum, and nitrogen can modify the phase
equilibria by altering thermodynamic parameters. These elements may expand or contract solubility

limits and promote or suppress certain phase formations.

Cooling Rate and Processing Conditions

The kinetics of phase transformations depend heavily on cooling rates. Rapid cooling can suppress
equilibrium phases and lead to metastable microstructures, whereas slow cooling favors the formation

of equilibrium phases predicted by the cr ni phase diagram.

Pressure and Environmental Factors

Although pressure effects are less pronounced in most metallurgical applications, elevated pressures
can influence phase boundaries. Environmental conditions such as oxidation or exposure to corrosive

agents also impact phase stability indirectly through surface reactions.

Summary of Influencing Factors



e Composition variations beyond binary Cr-Ni system
¢ Thermal history and cooling rates
¢ Mechanical stresses and deformation

¢ Atmospheric and environmental exposure

Frequently Asked Questions

What is a Cr-Ni phase diagram?
A Cr-Ni phase diagram represents the equilibrium phases and phase transformations occurring in

chromium-nickel alloys at various temperatures and compositions.

Why is the Cr-Ni phase diagram important in metallurgy?

The Cr-Ni phase diagram is crucial because it helps in understanding the microstructural evolution,
predicting phase stability, and designing stainless steels and other corrosion-resistant alloys.
What are the main phases found in the Cr-Ni phase diagram?

The main phases typically include the austenite (I:l), ferrite (D), sigma (I:l) phase, and various
intermetallic compounds depending on the composition and temperature.

How does nickel content affect the Cr-Ni phase diagram?

Increasing nickel content generally stabilizes the austenitic (D) phase, lowering the temperature range

where ferrite (D) or sigma phases occur.



What is the significance of the sigma phase in the Cr-Ni phase
diagram?

The sigma phase is a brittle intermetallic phase that can form in Cr-Ni alloys at intermediate

temperatures, degrading mechanical properties and corrosion resistance.

How is the Cr-Ni phase diagram used in stainless steel production?

It guides alloy composition and heat treatment processes to achieve desired phase balance, ensuring

optimal corrosion resistance and mechanical strength in stainless steels.

Can the Cr-Ni phase diagram predict phase transformations during
cooling?

Yes, the phase diagram helps predict which phases will form or transform during cooling, enabling

control over microstructure and performance of Cr-Ni alloys.

Additional Resources

1. Phase Diagrams for Ceramists: Cr-Ni System and Applications

This book provides an in-depth exploration of phase diagrams relevant to the chromium-nickel (Cr-Ni)
alloy system. It covers fundamental thermodynamics, crystallography, and phase transformations,
offering practical insights for materials scientists and ceramists. The text includes detailed diagrams
and case studies illustrating the phase behavior in Cr-Ni alloys under various temperature and

compositional conditions.

2. Alloy Phase Diagrams: Chromium-Nickel and Related Systems

A comprehensive compilation of phase diagrams involving chromium and nickel alloys, this volume
serves as an essential reference for metallurgists and engineers. It features experimentally determined
data and computational assessments, focusing on equilibrium phases, solubility limits, and intermetallic

compounds in the Cr-Ni system. The book also discusses implications for corrosion resistance and



mechanical properties.

3. Thermodynamics and Phase Diagrams of Metallic Systems: Chromium-Nickel Alloys

This text delves into the thermodynamic principles underpinning phase diagram construction, with a
special emphasis on Cr-Ni metallic systems. Readers will find detailed analyses of Gibbs free energy,
phase equilibria, and the effects of temperature and composition on phase stability. The book also

explores computational modeling techniques for predicting phase behavior in chromium-nickel alloys.

4. Phase Transformations in Metals and Alloys: Chromium-Nickel Systems

Focusing on phase transformations, this book examines how chromium-nickel alloys evolve during
thermal processing and service conditions. It covers nucleation, growth kinetics, and the influence of
alloying elements on phase stability and transformation pathways. Practical applications in stainless

steel and superalloy development are emphasized throughout the text.

5. Chromium-Nickel Alloy Phase Diagrams: Experimental and Computational Approaches

Combining experimental findings with computational modeling, this book offers a modern perspective
on Cr-Ni phase diagrams. It highlights recent advances in high-temperature experimentation, diffusion
studies, and CALPHAD (Calculation of Phase Diagrams) techniques. The integration of theoretical and

practical methods makes it valuable for researchers developing new chromium-nickel based materials.

6. Metallurgical Phase Diagrams: Chromium and Nickel Binary and Ternary Systems

This reference work compiles critical phase diagrams for chromium-nickel binary systems and their
ternary extensions with other metals. It is designed for metallurgists seeking detailed compositional
and temperature-dependent phase stability data. The book also discusses the microstructural

implications of phase equilibria in alloy design and processing.

7. Stainless Steel Microstructure and Phase Diagrams: Chromium-Nickel Perspectives

Dedicated to stainless steels, this book explores the role of Cr-Ni phase diagrams in understanding

microstructural development and corrosion resistance. It provides clear explanations of phase fields,
such as austenite and ferrite, and their dependence on chromium and nickel content. Case studies

highlight the industrial relevance of phase diagram knowledge in stainless steel manufacturing.



8. Advanced Materials Design Using Cr-Ni Phase Equilibria

This publication emphasizes the use of chromium-nickel phase diagrams in the design and
optimization of advanced materials. It covers alloy design strategies, including tailoring mechanical
properties and corrosion behavior through controlled phase formation. The book integrates theory with

real-world examples to illustrate the impact of phase equilibria on material performance.

9. Computational Thermodynamics of Cr-Ni Alloys: Phase Diagram Modeling and Applications
Focusing on computational methods, this book presents state-of-the-art techniques for modeling Cr-Ni
phase diagrams. Topics include thermodynamic databases, CALPHAD methodology, and software
tools for phase prediction. The text also discusses applications in alloy development, coating design,

and high-temperature material stability analysis.
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cr ni phase diagram: Welding Metallurgy Sindo Kou, 2020-09-14 Discover the extraordinary
progress that welding metallurgy has experienced over the last two decades Welding Metallurgy,
3rd Edition is the only complete compendium of recent, and not-so-recent, developments in the
science and practice of welding metallurgy. Written by Dr. Sindo Kou, this edition covers solid-state
welding as well as fusion welding, which now also includes resistance spot welding. It restructures
and expands sections on Fusion Zones and Heat-Affected Zones. The former now includes entirely
new chapters on microsegregation, macrosegregation, ductility-dip cracking, and alloys resistant to
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current interest are added, including additive manufacturing, dissimilar-metal joining, magnesium
alloys, and high-entropy alloys and metal-matrix nanocomposites. Dr. Kou provides the reader with
hundreds of citations to papers and articles that will further enhance the reader’s knowledge of this
voluminous topic. Undergraduate students, graduate students, researchers and mechanical
engineers will all benefit spectacularly from this comprehensive resource. The new edition includes
new theories/methods of Kou and coworkers regarding: - Predicting the effect of filler metals on
liquation cracking - An index and analytical equations for predicting susceptibility to solidification
cracking - A test for susceptibility to solidification cracking and filler-metal effect - Liquid-metal
quenching during welding - Mechanisms of resistance of stainless steels to solidification cracking
and ductility-dip cracking - Mechanisms of macrosegregation - Mechanisms of spatter of aluminum
and magnesium filler metals, - Liquation and cracking in dissimilar-metal friction stir welding, -
Flow-induced deformation and oscillation of weld-pool surface and ripple formation -
Multicomponent/multiphase diffusion bonding Dr. Kou’s Welding Metallurgy has been used the
world over as an indispensable resource for students, researchers, and engineers alike. This new
Third Edition is no exception.

cr ni phase diagram: High Nitrogen Steels Valentin G. Gavriljuk, Hans Berns, 1999-11-02
Basic research and new manufacturing methods have led to high nitrogen steels (HNS), a promising
new group of materials for use in advanced applications in mechanical and chemical engineering.
The book deals with the atomic structure, constitution, properties, manufacturing and application of
martensitic, austenitic, duplex and dualphase steels of superior strength and corrosion resistance.
Combining metallurgy and engineering aspects. It gives a detailed overview and presents new
results on HNS. The book is intended for scientists as well as technologists, who will find stimulating
information.

cr ni phase diagram: Corrosion of Austenitic Stainless Steels H S Khatak, B Raj,
2002-10-14 This comprehensive study covers all types of corrosion of austenitic stainless steel. It
also covers methods for detecting corrosion and investigating corrosion-related failure, together
with guidelines for improving corrosion protection of steels. Details all types of corrosion of
austenitic stainless steel Covers methods for detecting corrosion and investigating corrosion-related
failure Outlines guidelines for improving corrosion protection of steels

cr ni phase diagram: Stainless Steels Joseph R. Davis, 1994-01-01 ASM Specialty
Handbook® Stainless Steels The best single-volume reference on the metallurgy, selection,
processing, performance, and evaluation of stainless steels, incorporating essential information
culled from across the ASM Handbook series. Includes additional data and reference information
carefully selected and adapted from other authoritative ASM sources.

cr ni phase diagram: Nuclear Science Abstracts , 1973

cr ni phase diagram: High-Temperature Oxidation and Corrosion 2005 Shigeji Taniguchi,
Toshio Maruyama, Masayuki Yoshiba, Nobuo Otsuka, Yuuzou Kawahara, 2006-08-15 Proceedings of
the international Symposium on High-Temperature Oxidation and Corrosion 2005, Nara, Japan, 30th
November - 2nd December 2005

cr ni phase diagram: Microstructure of Steels and Cast Irons Madeleine Durand-Charre,
2013-03-09 The book comprises three parts. Part 1 gives a historical description of the development
of ironworking techniques since the earliest times. Part 2 is the core of the book and deals with the
metallurgical basis of microstructures, with four main themes: phase diagrams, solidification
processes, diffusion, and solid state phase transformations. Part 3 begins by an introduction to steel
design principles. It then goes on to consider the different categories of steels, placing emphasis on
their specific microstructural features. Finally, a comprehensive reference list includes several
hundred pertinent articles and books. The book is the work of a single author, thus ensuring
uniformity and concision. It is intended for scientists, metallurgical engineers and senior technicians
in research and development laboratories, design offices and quality departments, as well as for
teachers and students in universities, technical colleges and other higher education establishments.

cr ni phase diagram: Nuclear Fuel Elements Brian R. T. Frost, 2013-10-22 Nuclear Fuel



Elements: Design, Fabrication and Performance is concerned with the design, fabrication, and
performance of nuclear fuel elements, with emphasis on fast reactor fuel elements. Topics range
from fuel types and the irradiation behavior of fuels to cladding and duct materials, fuel element
design and modeling, fuel element performance testing and qualification, and the performance of
water reactor fuels. Fast reactor fuel elements, research and test reactor fuel elements, and
unconventional fuel elements are also covered. This volume consists of 12 chapters and begins with
an overview of nuclear reactors and fuel elements, as well as fuel element design and development
based on the reactor operator's approach, materials scientist's approach, and interdisciplinary
approach. The reader is then introduced to different types of nuclear fuels and their irradiation
behavior, considerations for using cladding and duct materials in fuel element design and
development, and fuel element design and modeling. The chapters that follow focus on the testing of
fuel element performance, experimental techniques and equipment for testing fuel element designs,
and the performance of fuels for water reactors. Fuel elements for gas-cooled reactors, fast reactors,
and research and test reactors are also described. The book concludes with an assessment of
unconventional fuel elements. This book will be useful to fuel element technologists as well as
materials scientists and engineers.

cr ni phase diagram: Duplex Stainless Steels Iris Alvarez-Armas, Suzanne Degallaix-Moreuil,
2013-01-16 Duplex Stainless Steels (DSSs) are chromium-nickel-molybdenume-iron alloys that are
usually in proportions optimized for equalizing the volume fractions of austenite and ferrite. Due to
their ferritic-austenitic microstructure, they possess a higher mechanical strength and a better
corrosion resistance than standard austenitic steels. This type of steel is now increasing its
application and market field due to its very good properties and relatively low cost. This book is a
review of the most recent progress achieved in the last 10 years on microstructure, corrosion
resistance and mechanical strength properties, as well as applications, due to the development of
new grades. Special attention will be given to fatigue and fracture behavior and to proposed models
to account for mechanical behavior. Each subject will be developed in chapters written by experts
recognized around the international industrial and scientific communities. The use of duplex
stainless steels has grown rapidly in the last 10 years, particularly in the oil and gas industry,
chemical tankers, pulp and paper as well as the chemical industry. In all these examples, topics like
welding, corrosion resistance and mechanical strength properties (mainly in the fatigue domain) are
crucial. Therefore, the update of welding and corrosion properties and the introduction of topics like
texture effects, fatigue and fracture strength properties, and mechanical behavior modeling give this
book specific focus and character.

cr ni phase diagram: Advances in Physical Metallurgy Anirban Banerjee, 2023-06-14 This
volume focuses on the wealth of existing literature on physical metallurgy, and deals with materials
in different states of order and the process of order evolution. It is a valuable reference by students
and researchers in the field of materials science and metallurgy.

cr ni phase diagram: Proceedings of the International Symposium on Thermodynamics
of Alloys A. R. Miedema, G. W. Rathenau, 2016-06-03 Proceedings of the International Symposium
on Thermodynamics of Alloys

cr ni phase diagram: Preparation of Catalysts V B. Delmon, P. Grange, P.A. Jacobs, G.
Poncelet, 1991-06-03 The organizers of this Fifth Symposium maintained their initial objectives,
namely to gather experts from both industries and universities to discuss the scientific problems
involved in the preparation of heterogeneous catalysts, and to encourage as much as possible the
presentation of research work on catalysts of real industrial significance. Another highlight of these
symposia was to reserve a substantial part of the program to new developments in catalyst
preparation, new preparation methods and new catalytic systems. The fact that chemical reactions
which were hardly conceivable some years ago have become possible today through the
development of appropriate catalytic systems proves that catalysis is in constant progress.The
papers in this volume deal with studies of unit operations in catalyst preparation, catalyst
preparation via the sol-gel route, preparation of catalysts from layered structures and pillaring of




clays, preparation and modification of zeolite-based catalysts, carbon supported catalysts,
preparation of oxidation catalysts and novel and unusual preparation methods.

cr ni phase diagram: Chromium and Chromium Alloys D. J. Maykuth, A. Gilbert, 1966 Various
alloying additions have been discovered which render unalloyed chromium much less susceptible to
low-temperature embrittlement as well as to nitridation in air at elevated temperatures. These
include additions of the Group IIIA metals, magnesia, and carbides based on the Groups IVA and VA
metals. Of these additions, only the carbides contribute significantly to the hot strengthening of
chromium. The combination of selected carbides and solid-solution-strengthening elements such as
tungsten, molybdenum, and/or tantalum, has resulted in experimental alloys which retain useful
strengths at temperatures through 1316 C (2400 F). These high strengths are achieved at some
sacrifice in the low-temperature ductility of chromium. Also, despite the improvements afforded in
the oxidation and nitridation resistance of chromium through alloying, no alloys are available which
are capable of service in long-time exposures in air above 982 C (1800 F) without suffering some
property degradation.

cr ni phase diagram: A Sulfidation- and Oxidation-resistant Ferritic Stainless Steel
Containing Aluminum J. S. Dunning, 1984

cr ni phase diagram: Materials Michael F. Ashby, Hugh Shercliff, David Cebon, 2018-11-27
Materials: Engineering, Science, Processing and Design is the essential materials engineering text
and resource for students developing skills and understanding of materials properties and selection
for engineering applications. Taking a unique design-led approach that is broader in scope than
other texts, Materials meets the curriculum needs of a wide variety of courses in the materials and
design field, including introduction to materials science and engineering, engineering materials,
materials selection and processing, and behavior of materials. This new edition retains its design-led
focus and strong emphasis on visual communication while expanding its coverage of the physical
basis of material properties, and process selection. - Design-led approach motivates and engages
students in the study of materials science and engineering through real-life case studies and
illustrative applications - Highly visual full color graphics facilitate understanding of materials
concepts and properties - Chapters on materials selection and design are integrated with chapters
on materials fundamentals, enabling students to see how specific fundamentals can be important to
the design process - For instructors, a solutions manual, lecture slides, and image bank are available
at https://educate.elsevier.com/book/details/9780081023761 - Links to Granta EduPack sample data
sheets:
https://www.grantadesign.com/education/ces-edupack/granta-edupack-data/ces-edupack-sample-dat
asheets/ for information New to this edition - Expansion of the atomic basis of properties, and the
distinction between bonding-sensitive and microstructure-sensitive properties - Process selection
extended to include a structured approach to managing the expert knowledge of how materials,
processes and design interact (with an introduction to additive manufacturing) - Coverage of
materials and the environment has been updated with a new section on Sustainability and
Sustainable Technology - Text and figures have been revised and updated throughout - The number
of worked examples and end-of-chapter problems has been significantly increased

cr ni phase diagram: Nickel, Cobalt, and Their Alloys Joseph R. Davis, 2000-01-01 This book is
a comprehensive guide to the compositions, properties, processing, performance, and applications of
nickel, cobalt, and their alloys. It includes all of the essential information contained in the ASM
Handbook series, as well as new or updated coverage in many areas in the nickel, cobalt, and
related industries.

cr ni phase diagram: Nuclear Power Reactor Instrumentation Systems Handbook Joseph
M. Harrer, James G. Beckerley, 1973

cr ni phase diagram: Microstructure And Properties Of Materials, Vol 2 James C M Li,
2000-10-09 This is the second volume of an advanced textbook on microstructure and properties of
materials. (The first volume is on aluminum alloys, nickel-based superalloys, metal matrix
composites, polymer matrix composites, ceramics matrix composites, inorganic glasses,




superconducting materials and magnetic materials). It covers titanium alloys, titanium aluminides,
iron aluminides, iron and steels, iron-based bulk amorphous alloys and nanocrystalline
materials.There are many elementary materials science textbooks, but one can find very few
advanced texts suitable for graduate school courses. The contributors to this volume are experts in
the subject, and hence, together with the first volume, it is a good text for graduate microstructure
courses. It is a rich source of design ideas and applications, and will provide a good understanding
of how microstructure affects the properties of materials.Chapter 1, on titanium alloys, covers
production, thermomechanical processing, microstructure, mechanical properties and applications.
Chapter 2, on titanium aluminides, discusses phase stability, bulk and defect properties, deformation
mechanisms of single phase materials and polysynthetically twinned crystals, and interfacial
structures and energies between phases of different compositions. Chapter 3, on iron aluminides,
reviews the physical and mechanical metallurgy of Fe3Al and FeAl, the two important structural
intermetallics. Chapter 4, on iron and steels, presents methodology, microstructure at various levels,
strength, ductility and strengthening, toughness and toughening, environmental cracking and design
against fracture for many different kinds of steels. Chapter 5, on bulk amorphous alloys, covers the
critical cooling rate and the effect of composition on glass formation and the accompanying
mechanical and magnetic properties of the glasses. Chapter 6, on nanocrystalline materials,
describes the preparation from vapor, liquid and solid states, microstructure including grain
boundaries and their junctions, stability with respect to grain growth, particulate consolidation while
maintaining the nanoscale microstructure, physical, chemical, mechanical, electric, magnetic and
optical properties and applications in cutting tools, superplasticity, coatings, transformers, magnetic
recordings, catalysis and hydrogen storage.
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