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Introduction

Heat treating is the cornerstone of modern metallurgy, allowing engineers to tailor the mechanical properties of 

metals to meet the exacting demands of everything from high �performance automotive components to critical 

aerospace structures. Among the most authoritative resources on this subject is the ASM Handbook, a 

comprehensive collection of volumes that serve as a definitive reference for materials scientists, metallurgists, and 

manufacturing professionals worldwide. ASM Handbook Volume /4, dedicated entirely to heat treating, stands out

as an indispensable guide for anyone seeking a deep understanding of the principles, practices, and practical

applications of thermal processing.

In this article, we will explore the breadth and depth of ASM Handbook Volume /4 Heat Treating, examining its

structure, key content areas, and how it can be leveraged in real �world scenarios. Whether you are a seasoned

heat �treating specialist or a newcomer to the field, this guide will help you navigate the complex landscape of

thermal metallurgy with confidence and precision.

Overview of ASM Handbook Volume /4

History and Publication

The ASM Handbook series began in the early 1960s, with the American Society for Metals (ASM) publishing its 

first volume to provide a consolidated reference for the rapidly expanding field of materials science. Over the 

decades, the series expanded, covering everything from alloy composition to mechanical testing. Volume /4,

focused on heat treating, was first released in 1981 and has since undergone several revisions to incorporate the

latest research, industry standards, and technological advancements.

Each edition of ASM Handbook Volume /4reflects the cumulative knowledge of the global metallurgy community.

The editors collaborate with leading experts to ensure that the content remains current, accurate, and highly

applicable to industrial practice.

Scope and Content

Volume 4 is organized into a series of chapters that cover both fundamental theory and practical application. The

key sections include:

•  Fundamentals of Heat Treating – Temperature, time, and phase transformation basics.

•  Hardening and Annealing Processes – Detailed procedures for achieving desired hardness and ductility.

•  Normalizing, Quenching, and Tempering – Techniques for controlling microstructure and relieving residual 

stresses.

•  Specialized Treatments – Case hardening, surface hardening, and other advanced methods.

•  Process Control and Quality Assurance – Monitoring, measurement, and documentation practices.

•  Materials-Specific Guides – Heat �treating data for steels, aluminum alloys, titanium alloys, and more.

Each chapter is supported by extensive tables, charts, and diagrams that provide quick reference data, making the



handbook an invaluable tool for both planning and troubleshooting heat �treating operations.

Heat Treating Fundamentals Covered in Volume /4

Temperature and Time Relationships

At the heart of heat treating lies the relationship between temperature, time, and the resulting microstructure. ASM 

Handbook Volume /4 offers a systematic approach to understanding how varying thermal cycles influence phase 

transformations. The handbook introduces the concept of the time �temperature �transformation (TTT) diagram and 

the continuous cooling transformation (CCT) diagram, both critical tools for predicting the behavior of alloys during

heating and cooling.

For example, the handbook provides detailed TTT curves for a range of carbon steels, allowing engineers to select 

appropriate holding times at the critical temperature (often referred to as the critical austenitizing temperature) to

achieve a desired microstructure. By correlating these curves with the desired mechanical properties, users can

design heat �treating schedules that balance hardness, toughness, and dimensional stability.

Hardening, Annealing, Normalizing, and Tempering

The core processes of heat treating are meticulously described in the handbook. Each process is broken down into

the following steps:

1.  Preparation – Material selection, geometry considerations, and pre �heat treatments.

2.  Heating – Controlled temperature ramping to avoid distortion.

3.  Holding – Maintaining the critical temperature for a specified time.

4.  Cooling – Quenching, air cooling, or controlled cooling depending on the desired outcome.

5.  Post �Treatment – Tempering or normalization to relieve stresses and refine the microstructure.

Volume /4 includes comprehensive data on the quench media (oil, water, air, and specialized alloys), cooling rates, 

and the impact of each on the final properties of the material. It also addresses the importance of tempering—a

secondary heat treatment that reduces brittleness introduced during hardening while preserving hardness and

strength.

Phase Transformations

Understanding the phase transformations that occur during heat treating is essential for predicting the mechanical

behavior of metals. The handbook explains the transformation of ferrite, pearlite, bainite, martensite, and other

phases, and how these are influenced by alloying elements such as carbon, manganese, chromium, and nickel.

For instance, the handbook provides insights into the martensitic transformation—a diffusionless phase change

that occurs when austenite is quenched rapidly. This transformation is responsible for the high hardness of

quenched steels. The handbook also discusses the role of alloying elements in stabilizing or destabilizing certain

phases, enabling engineers to tailor the heat �treating process for specific applications.

Practical Applications and Case Studies

Automotive

In the automotive industry, components such as gears, shafts, and crankshafts require a precise balance of 

hardness and toughness. ASM Handbook Volume /4offers case studies that illustrate how heat treating can be

optimized for these parts. For example, the handbook details the heat �treating schedule for a 4140 alloy steel gear,

including the austenitizing temperature, quenching medium, and tempering cycle to achieve a surface hardness of



55–60 /HRC while maintaining core ductility.

Aerospace

Aerospace components often demand high strength-to-weight ratios and resistance to high temperatures. The

handbook discusses the heat �treating of titanium alloys such as Ti �6Al �4V, which are critical for aircraft structures. It

outlines the solution treatment at 950 °C followed by rapid quenching and aging at 480 °C to develop the desired ;�³²

microstructure.

Tooling

Tools made from high �carbon steels and tool steels require exceptional wear resistance and dimensional stability.

The handbook provides a step �by �step guide to hardening and tempering a tool steel like D2, emphasizing the

importance of controlled cooling to avoid cracking. It also covers surface hardening techniques such as induction

hardening, which can be used to increase surface hardness without affecting the core.

Key Tables and Charts

Hardening Curves

Volume 4 includes a plethora of hardening curves that plot hardness versus cooling rate for various alloys. These

curves are invaluable for selecting the appropriate quench media and predicting the final hardness of a component.

Cooling Rates

The handbook provides detailed cooling rate data for different quenching media and geometries, enabling

engineers to calculate the expected cooling time and adjust the process accordingly.

Tempering Charts

Tempering charts illustrate the relationship between tempering temperature, time, and the resulting hardness and

toughness. These charts help in designing a tempering cycle that balances hardness with impact resistance.

How to Use ASM Handbook Volume /4 Effectively

Index and Cross �References

The handbook’s comprehensive index and cross �references allow users to quickly locate specific data points, such

as the heat �treating schedule for a particular alloy or the recommended quench media for a specific component

geometry.

Digital Resources

Many publishers offer digital versions of the ASM Handbook series, complete with interactive tables and search

functions. These digital tools can streamline the process of finding relevant data and reduce the risk of errors

associated with manual lookup.

Integration with Other Volumes

While Volume 4 focuses on heat treating, the ASM Handbook series includes volumes on alloy composition,

mechanical testing, and material selection. By cross �referencing these volumes, engineers can create a holistic

approach to material design, ensuring that the chosen alloy, heat �treating process, and mechanical properties all

align with project requirements.

Frequently Asked Questions



What is the best way to determine the austenitizing temperature for a new alloy?

The handbook provides guidelines for estimating the austenitizing temperature based on alloy composition and

desired microstructure. Typically, a temperature 50–100 °C above the upper critical temperature is used, but it is

always recommended to validate with experimental data.

How can I avoid cracking during rapid quenching?

Cracking can be mitigated by using a pre �heat treatment to relieve residual stresses, selecting an appropriate

quench medium, and ensuring that the component geometry allows for uniform cooling. The handbook offers

specific recommendations for different shapes and sizes.

What are the advantages of using a tempering cycle over a simple air cooling?

Tempering reduces brittleness introduced during hardening, improves toughness, and can also relieve residual

stresses. The handbook provides tempering schedules that optimize the balance between hardness and impact

resistance.

Conclusion

ASM Handbook Volume /4 Heat Treatingremains an essential resource for anyone working in materials

processing and manufacturing. Its comprehensive coverage—from fundamental principles to industry �specific case

studies—provides a solid foundation for designing, executing, and troubleshooting heat �treating operations. By

leveraging the detailed tables, charts, and guidelines contained within the handbook, engineers can achieve the

precise mechanical properties required for high �performance components while maintaining efficiency and

cost �effectiveness.

Whether you are refining a production line, developing a new alloy, or simply seeking to deepen your understanding 

of thermal metallurgy, the ASM Handbook offers the knowledge and tools you need to succeed.
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